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ANU LAINE, JARI LAVONEN, VEIJO MEISALO

The Year 2003 - a celebration of twenty
years of the Finnish Mathematics and
Science Education Research Association
(FMSERA)
The Finnish Mathematics and Science Education Research
Association (FMSERA) was founded at the first National Symposium on Research in Mathematics Education in Turku, August 1983. Correspondingly, the first national symposium on
Research in Science Education was organised in Oulu, in
November 1984. Thereafter, symposia on science and
mathematics education research have been organised regularly,
as noted in the short history of FMSERA written by Paavo
Malinen and Pekka Kupari1 .
The Programme of the XXI Annual Symposium of the
Finnish Mathematics and Science Education Research Association was parallel to earlier symposiums. The symposium was
organised by a number of organisations:
- Department of Teacher Education, University of Helsinki
- Finnish Mathematics and Science Education Research Association
- Finnish Graduate School in Mathematics, Physics and Chemistry
Education
- Finnish Association for Research in Technology Education
- the ESR-funded Gisel/MIRROR Project

This year, the symposium was preceded by a seminar on
gender issues in science, mathematics, and technology education,
including computer science education. It placed a timely emphasis
on the work of the celebrating association. Most of the
contributions to the seminar are included in these proceedings.
There was also another celebration, the unveiling of a portrait
of Professor Veijo Meisalo, which included speeches and a
6
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PREFACE
musical programme during the lunch break of the first day of
the symposium.
The main aim of the 2003 annual symposium were to give
researchers in mathematics, science, and technology education
the opportunity to present their work at a national and
international level. Participants discussed the scope, methods,
outcomes, and perspectives of research in mathematics and
science education in the context of the symposium’s two themes:
1) equal opportunities for students in science, mathematics and
technology education (including computer science education);
and 2) mathematics, science, and technology education for
teachers.
These themes reflect the great importance of educational
collaboration in our mission to overcome barriers and provide
educational opportunities for all. The diagrams below show how
the Association has succeeded so far in reaching its goals to
represent all Finnish centres active in the many relevant research
areas, and to create contacts within international forums.
These proceedings of the XXI Annual Symposium consist
of a selection of papers. All manuscripts were sent for blind
peer review to members of the Programme Committee and
Guest Reviewers. Those papers not suitable for this selection
(including those in Finnish or Swedish) have been published on
the web site of the association (http://www.edu.helsinki.fi/malu/
tutkimus/tutkimusseura/).

Malinen, P., & Kupari, P. (2003) Miten kognitiivisista prosesseista kehiteltiin
konstruktivismia: Katsaus Matematiikan ja luonnontieteiden opetuksen tutkimusseuran toimintaan 1983 – 2003. Jyväslylä: Matematiikan ja luonnontieteiden opetuksen tutkimusseura ry. ja
1

Koulutuksen tutkimuslaitos, Jyväskylän yliopisto.
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Figure 2. Contributions given by researchers from different Departments
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Others

Figure 3. Contributions given by researchers from various Finnish
universities
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The opening speech of the symposium
Hannele Niemi
Vice-Rector , University of Helsinki

LADIES AND GENTLEMEN,
On behalf of the University of Helsinki, it gives me great
pleasure to welcome you to the annual symposium of the Finnish Mathematics and Science Education Research Association.
It is a great honour for the University of Helsinki to host the
symposium. This symposium is also the Association’s 20th
anniversary meeting, for which I would like to extend my
congratulations. This research association is like a young adult –
strong and full of energy, mature enough to meet challenges
and uncertainties, and to be open-minded and bold to seek and
find new solutions. I wish all the best to the Association in its
very important cultural work. Math and science, have an
important role in our societies, but we also know that many
students consider them to be very difficult to learn. It has also
been difficult to recruit competent teachers to those school
subjects in many countries. In Finland, we know this problem,
and we have tried to react to it. Researchers in math and science
education have made a very important contribution in this
difficult task.
The symposium has also been organized in Professor Veijo Meisalo’s honour. His academic work has been extremely
11
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valuable in math and science education. During the last decades,
he has been a leading researcher in math and science education,
as well as in teacher education. He has served as an important
model for how to combine research on academic discipline and
content knowledge with research on pedagogy. Deep commitment has been typical of his work. His contribution at the
institutional level, at the University of Helsinki, as well as at
national and international levels, has been outstanding. I would
like to thank Professor Veijo Meisalo for his high level academic
work, which has always entailed a huge working load of
administrative responsibilities.
The last 20 years have been an important time in developing
the Finnish educational system and teacher education. We have
faced many challenges. During these years we have developed a
comprehensive school system throughout the country, and we
have had several renewals of the school curriculum. In the 1970s,
all primary and secondary school teacher education moved into
the universities. It has been a time when teacher education has
created its role and status in universities. The decades of the 80s
and 90s experienced an active developmental work in all fields
of school subjects and their pedagogics. Math and science
education has been in the forefront. In many cases, math and
science education researchers have had a leading role and they
have opened new scenarios to teaching and learning for the whole
school system. It has not been an easy and smooth movement.
There have been many tensions and difficulties in creating a new
culture in schools and teacher education. But now we have the
opportunity to enjoy the results of the hard work. The school
achievements of 15-year-old Finnish students are on the top of
international test results.
In the late seventies, the basic qualification for secondary
and elementary school teachers was decreed as a Master’s degree.
The education for both teacher groups was planned as 5-year
programmes. Typical of Finnish teachers is university-based
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education, with a strong research component. I think that the
strategy, the research-based teacher education that we have chosen
as the grounds for the development, has been an important key
factor. It has opened new ways for knowledge creation at
individual and co-operative levels. Research on teaching and
learning in math and science has been extremely important at
the national level and it has created impulses and inspiration to
renew teaching and learning concepts in schools. The strategic
plan of the University of Helsinki for the future years also states
that research-based teaching and teacher education is the direction
we should follow.
We need research on math and science education for
continuous development of teacher education. It will provide
the basis for the progress of these subjects in schools and teacher
education. We also need active collaboration between researchers
of academic content knowledge and pedagogics. I would like to
express my pleasure in the increased co-operation that has
developed during recent years, at the University of Helsinki,
between researchers in the math and science departments and
the teacher education department. We greatly need this cooperation.
The University of Helsinki has emphasized the development
of teacher education as one of its most important strategic
efforts. We need good teachers – and we need good math and
science teachers - it is a cornerstone for national welfare and
success.
Ladies and gentleman,
Math and science is an important part of our culture. I also
see it as a part of humanistic education.
Nimrod Aloni 1 identifies humanistic education with
“general and multi-faceted cultivation of the personality of those
being educated, while strictly adhering to the open-mindedness
and dignity on humankind, towards the best and highest life of
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which they are capable in three fundamental domains of
life: as individuals who realize and develop their potential, as
involved and responsible citizens and as human beings who enrich
and perfect themselves through active engagement with the
collective achievements of human culture.”
Research on math and science education is a valuable,
important part of our culture. It means that more people can
enrich and perfect themselves through active engagement with
the collective achievements of math and science, as parts of
human culture.
Today, we have several reasons to celebrate. I express my
warmest congratulations to Mathematics and Science Education
Research Association and deepest thanks to Professor Veijo
Meisalo for his remarkable cultural work. On behalf of the University of Helsinki I wish you a very successful symposium!
Helsinki October 10, 2003
Hannele Niemi
Vice-Rector
Nimrod Aloni (2002, 180) Enhancing Humanity. The
Philosophical Foundations of Humanistic Education.
Boston:Kluwer.
1
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On methodologies of research into
gender and other equity questions
Jeff Evans
J.Evans@mdx.ac.uk
Mathematics & Statistics Group, Middlesex University, UK

ABSTRACT
I start from a concept of social justice, embracing both distribution and recognition
aspects of social relations (Vincent, 2003). The first aspect considers the way
that goods, knowledge, skills, rights, etc. are distributed among social groups;
this aspect might suggest researching questions like: How does performance
(or provision) differ between girls and boys in school mathematics / science?
The second aspect concerns the relations structuring society – methods of
communication, ‘treatment’, respect; this might prompt questions like: What
are relations like between teachers and students of different language groups
in higher education? Here I shall focus on gender, and its inter-relations with
social class, and, to a lesser extent, with ethnicity (Arnot, 2002; Gillborn &
Mirza, 2000). I argue that researching the questions posed by a social justice
agenda, and developing theorisations to begin answering them, will require
both ‘quantitative’ and ‘qualitative’ methods – within any substantial research
programme, and even within individual studies. I discuss several examples of
fruitfully combining different methods. Finally, I briefly consider some barriers
to the sort of fruitful cooperation I am arguing for, currently within the
mathematics education community – and I question the idea that the
distinction between quantitative and qualitative methods can always be neatly
drawn.
Key Words: social justice, equality, gender, social class, ethnicity, quantitative,
qualitative.
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ON METHODOLOGIES OF RESEARCH

1. INTRODUCTION
There is a range of concepts available, for considering the
social arrangements in society, and their relationship to the
education system. The title of the paper mentions equity, or
fairness across groups. We might also focus on equality – after
specifying whether we mean equality of opportunity, or of
outcomes – or on democracy (see below), or social justice.
Indeed, social justice is a good place to start, because it is
clearly related to the idea of equity or fairness, and because it is
currently widely discussed in educational research (e.g. Vincent,
2003; Arnot, 2002). It also appears to resonate with contemporary
policy-makers’ concerns, for example, with the ‘Third Way’
emphasis (Tony Blair, Gerhard Schroeder, et al.) on education
and on social justice, and the European Union’s social agenda.
The concept of social justice provides a way of grouping two
distinct, but related, aspects: distributive justice and justice in terms
of recognition.
This paper has several aims:
· To discuss a dual understanding of social justice in terms of
distribution and recognition, in recent work in educational policy
studies
· To discuss several illustrations, both from the sociology of education,
and from mathematics education
· To argue, drawing on these illustrations, that researching the questions
posed by a social justice agenda requires both ‘quantitative’ and
‘qualitative’ methods
· To show the problems with any simple distinction between quantitative
and qualitative methods
· To consider the value of extending the analysis to consider three or
four aspects of social justice.

18
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2. A DUAL UNDERSTANDING OF SOCIAL
JUSTICE
The first distributive aspect of social justice emphasises:
· having (or having available) material goods and services, and symbolic
resources, e.g. knowledge or skills
· having opportunities to get access to, to participate in or to succeed
in particular spheres, e.g. further and higher education, or certain
occupations or grades of work.

The overriding concern of policy-makers from the 1960s
(in English-speaking countries on both sides of the Atlantic, at
least) was ‘equality of opportunity’ across social groups –
meaning, at that time, across social classes. This made a
distributive view of social justice dominant in social science
analysis. However, in recent years, in mathematics education at
least, the tendency is for social class not to be talked about directly
(Secada, 1992), and perhaps to be presented in educational
systems as ‘ability differences’. This of course is especially
important in situations where educational opportunities may be
rationed and distributed according to ‘ability’, or ‘ability to
benefit’.
Distributive concerns might suggest researching questions
like:
· How are different forms of knowledge (e.g. mathematical, scientific),
or certain educational credentials / qualifications distributed among
the different social categories of class, gender, ethnic or language
groups?
· How does performance (or provision of resources) differ between
different social categories in school mathematics or science?

For example, Gillborn & Mirza, in Educational Inequality:
Mapping race, class and gender(2000), a study largely concerned with
distributive issues, appears to use mostly quantitative
methodology – based on a moderately large sample of official
ethnic monitoring returns from local educational authorities, and
a representative national youth survey. However, these researchers
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also draw on (their own and others’) ethnographic research to
show that
· Black pupils receive harsher treatment in discipline terms than others
· Teachers have lower expectations of Black students and less positive
assumptions about their motivation / ability (p.17)

This suggests that there is also a need to study social justice
and inequalities in social interactions.
Thus a second aspect of social justice concerns ‘recognition
of difference’,
and a concern with status-related inequalities, relating to:
· manners of communication, ‘treatment’, respect for difference
· avoidance of misrepresentation, stereotyping, disrespect.

Since the 1980s, there has been increased interest in a
‘politics of recognition’ (Cribb & Gewirtz, 2002), understandable
as a response to a range of ‘New Social Movements’ – concerning
gender, ethnicity, disability, sexual preference – leading to
assertions of / demands for ‘women’s liberation’, ‘black is beautiful’, ‘gay pride’, etc. These have important relations to policy
concerns such as ‘multiculturalism’, ‘social inclusion’ (Tett, 2003),
and so on.
Recognition concerns might prompt educational research
questions like:
· How are different groups of students treated by teachers in school?
· What expectations and assumptions do teachers have about different
groups in education? To what extent are these sometimes
‘stereotypical’?

Examples include, besides Gillborn & Mirza (2000),
research programmes, and individual studies in the sociology of
education on issues of difference and identity, such as: Arnot
(2002), Soro (2002) on gender; Gillborn (1995) on ethnicity;
Connolly (2003) on ethnicity and religion; Barton (1996) on
disability.
We can use the discussion so far to suggest a number of
provisional directions for further consideration. First, we might

JEFF EVANS
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distinguish the bases of educational inequality / oppression for
different groups. For some, inequality may be rooted primarily in
an economic context, requiring redistribution: for example, social
class, ‘ability’ differences, disability. For others, oppression may
be generated largely in a cultural context, by lack of recognition/
mis-recognition, e.g. ethnicity, sexual orientation, religion,
disability. In this connection, gender inequalities are especially
interesting, since they can be seen as ‘multiply generated’ (Lynch
& Lodge, 2002, p3). Nevertheless, there is a complex inter-relation
between recognition and redistributive aspects of social justice.
One possible criticism might be that social and sociological
analyses of social justice or inequality have been too narrow, and
have entailed, over the last forty years (in English-speaking
countries at least), replacing concerns about social class, with
those relating to gender, then with concerns about ethnicity, then
disability and so on. This would lead to a proliferation of subfields, of ‘experts’, and so on. However, the discussion so far
(of the duality) and the first example below suggest that, with
each new form of inequality, we have not simply a replacement,
but an enriching of the idea of social justice / equality.

3. AN EXAMPLE
Arnot (2002) provides a critique of social (class)
reproduction theory (Bowles and Gintis, 1976), itself based on a
‘correspondence principle’ between schooling and the economy.
This is the idea that the social structure ‘works’ through ensuring
broadly that ‘working class kids get working class jobs’, and
similarly for middle class kids.
1. Arnot and others have criticised a notion of social class defined only
in economic (or occupational) terms, and argued for inclusion of
‘dynamic aspects of identity’, and the role of patterns of consumption
(spending), community and family values (Arnot, 2002, p. 205).

ON METHODOLOGIES OF RESEARCH
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2. Thus the family, with its influence on gender relations, becomes crucial
in processes of social class formation, through its role in forming
identity, authority relations, ideas of / resistance to schooling,
mediation of differences in material circumstances. (Thus the ‘long
shadow of the family’ also influences the ‘expressive [affective] order
of school’ (Bernstein, 1977).)
3. Youth cultures now soften and cross social class boundaries, and their
class cultures are formed by young people acting during schooling as
mediators between family class cultures and work cultures; that is, not
formed only by the latter.
4. Social class inequality may be affected by the differing opportunities
of middle class professional and working class young women. The
former now take responsibility for perpetuating their own class position
(rather than aiming to do so via marriage), while also making different
demands on family life (e.g. sharing of childcare), and different
contributions to building up the family’s capital (cultural and
economic); the latter (working class women), despite little if any
improvement in the real opportunities available to them, paradoxically
seem to overcome the contradictions by using the discourse of
individualisation and choice (Arnot, 2002, p. 212-14).
5. Black girls have emphasised exam qualifications as a way of crossing
class and breaking out of traditional gender and race classifications,
and gaining an advantage in securing scarce local jobs.
6. Nevertheless, in the national study discussed above of overall school
attainment at age 16+, Gillborn & Mirza (2000), find that social class
differences have remained over the previous ten years, and, when social
class differences are controlled for, there remain significant ethnic
group differences. Gender differences are small overall.

The research discussed by Arnot illustrates the importance
of theoretical development (illustrated here by 1.), findings based
at least partly on ethnographic (qualitative) work (2. to 5.) and
findings based on survey (quantitative) work (illustrated here by
6.).
Drawing on Arnot’s account for illustration, I argue that
researching the questions posed by a social justice agenda, and
developing theorisations to begin to address them, will require
both ‘quantitative’ and ‘qualitative’ methods – within any
substantial research programme. Below I show further examples
of individual studies, each of which combines the two types
of method.
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4. QUANTITATIVE AND QUALITATIVE
METHODS
We need to begin to clarify the basis, or more precisely,
the possible bases of the Quantitative / Qualitative distinction;
see table 1.
Perhaps the simplest way to try to distinguish the two types
of method is to look at the form of the data: numerical data
indicates quantitative methods, and textual data indicates
qualitative. However, this simple position ignores the fact that
much ‘quantitative’ data is originally produced as text (as in an
interview response) before being coded into categories (not
always precisely into numbers), and also that repeated instances
of ‘qualitative’ text that are similarly categorised can be counted.
Perhaps the difference can be clearly related to the degree
of structuring of the verbal social interaction (by the researcher)
during the data production and coding stages? Thus quantitative
methods would use standardised tests, interviews, questionnaires
or official statistical returns, and standardised coding of
responses, while qualitative research would use semi-structured
interviews participant observation, and a range of types of
documents. But again this is too neat: case studies may use
questionnaires or test results, and exploratory interviews in
surveys, or experimental de-briefings, may be semi-structured.
For methods of data analysis, quantitative research seems
to use statistical methods and qualitative to employ semiotics,
but how would we classify a cross-tabulation of counts of
qualitative material that has been ‘read semiotically’ and then
coded into categories? See the ‘hybrid’ example given below in
the discussion of Evans (2000).
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Table 1 Facets of the Quantitative / Qualitative Distinction
Quantitative
Numerical
Form of data
Substantial, in
Degree of
standardised, and
structuring (by
the researcher) of coded, tests,
interaction in the interviews or
questionnaires
field
Statistical
Methods of
analysis of the
data

Qualitative
Textual
Relatively little, in semistructured interviews
and participant
observation
Semiotic

5. A CONSIDERATION OF FURTHER
EXAMPLES
To explore the use of, and the distinction between, types
of methods in practice, I now discuss two studies in mathematics
education, Jo Boaler’s Experiencing School Mathematics: Teaching styles,
sex and setting (1997), and my own Adults’ Mathematical Thinking
and Emotions (Evans, 2000).

5.1 Experiencing School Mathematics: Teaching styles, sex
and setting (1997)
Jo Boaler studied the school mathematics experiences of
secondary students in the context of two secondary schools: one
traditional (‘AH’) and one progressive (‘PP’). In school AH,
traditional policies included setting, or dividing students into ‘ability
groupings’ for maths, and whole class teaching, working at the
same pace. In PP, the students were encouraged to work on
problem-solving in mixed ability groups, at their own pace.

JEFF EVANS
Boaler’s methodology was a comparative and longitudinal case
study: she followed 300 students in the two schools, over 3
years. She produced or gained access to many sources of
quantitative and qualitative information. She considered gender
differences and social class differences. Related to both, she
has much information on distributional differences: national exams
results and
school records. She also negotiated access to the archive of
examination scripts held by the Examination Boards.
First, on gender differences, Boaler compared the two
cohorts on the percentage of ‘good passes’ (grades A-C) in GCSE
Mathematics: in the traditional school, AH, 20% of the boys
attained such passes, compared with 9% for the girls. In school
PP, the two groups were about equal, at 13%. These differences
were explained by data from:
24

· questionnaires: gender differences in rating of importance of different
areas of mathematics
· semi-structured interviews: at AH, girls emphasising importance of
‘understanding’, boys of performance (completing questions quickly
and getting the right answer)
· classroom observation

Thus to research the distributional questions, she uses both
quantitative and qualitative methods.
But she also considers lack of recognition. Here she focuses
on top set girls, since gender differences in maths performance
at the highest levels of ability are considered to be the hardest to
eradicate in the English-speaking countries. Now certain
‘attribution’ theories blame these girls for ‘maladaptive’
motivational patterns towards school mathematics. However,
Boaler argues that girls’ responses should be considered in relation
to their goals, in this case of understanding the content, rather
than merely getting the right answers. Thus her aim as researcher
is to ‘give voice to’ the top set AH girls’ concerns (1997, pp11823).
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I now turn to Boaler’s discussion of social class. In UK
schools, social class differences are often considered as ‘ability’
differences (as indicated above), and influence the ability grouping
the student is put in; see Figure 1.
-->
Initial ‘ability’ -->
Social Class

-->
-->

-->
Set
put
in
-->

-->
-->
-->

Student’s
individual
achievement
exam
results

Figure 1 Social Class, Setting and Performance
This is no longer a simple model, so the research needs to
be able to examine the relationship between two factors, while
holding constant a third. This needs the idea of partial correlation.
For example, to assess the claims above, we need to try to
disentangle the ‘effects’ of social class and ability groupings in
the placement of students into ‘sets’ for mathematics. If this is
done solely on the basis of ability (as measured, say, by an ability
test after one year at secondary school), then we would expect
the correlations of the set into which each student was placed
with social class, after ability differences were taken account of, to be
zero, or very close to zero. In fact, at school AH, this ‘ partial’
correlation was positive and statistically significant, indicating
that after controlling for initial ability score, there was a tendency
for students of a ‘low’ social class to be placed in a low set. At
school PP, the ‘ partial’ correlation of social class with set into
which students were placed for the last six months of exam
preparation was found to be negative (and statistically significant):
this showed that ‘at the end of their mixed-ability teaching
experiences, there was a small tendency for students of a “lower”
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social class to be placed in a higher examination group […],
than middle-class students of similar initial attainment’ (Boaler,
1997, p138). So she concludes that social class has some effect
on the placing of students into sets, over and above that of
ability (as measured) –in the traditional school (AH).
So far, the analysis appears to include quantitative methods
only. Now we would like to examine some correlation or association between social class and attainment. But what we find, in
the description of the schools, and from the rules of the 16+
examination, is that students are registered for different levels
of examination, depending on their teachers’ expectations of
their likely results. This will depend on the set they are in – at the
AH school – and other factors, including social class. But once
in a certain exam group, there is a ceiling on the grade the student
can get: the lower the exam group, the lower the ceiling. So
there is no point in a quantitative analysis of correlations, here –
since the variability of the data is constrained by the social
regulation of the examination process.
What Boaler did was to assess the reactions of the students
to this situation. Using evidence from semi-structured interviews,
she found the students ‘don’t like maths any more’, because they
disliked needing to keep up with the (supposedly common) pace,
and the feeling of being judged against their (supposed) peers.
This led to pressure and anxiety, and a feeling by students that
they were not learning or understanding as well as they could.
Thus Boaler’s highly-regarded study of secondary school
mathematics includes a concern with social justice issues. In her
consideration of social class differences, she begins from a focus
on distributional aspects, and a use of quantitative methods (in
the several senses of Table 1 above). But she shows how to move
back and forth between quantitative and qualitative methods,
and to broaden the social justice concerns to include ‘recognition’
aspects.
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5.2 Adults’ Mathematical Thinking and Performance: a
study of numerate practices (2000)
Evans (2000) studied adults’ mathematical thinking and
performance in a higher education (polytechnic) institution. He
produced several types of data on three cohorts of students
studying mathematics, as part of their main study of a social
science subject.
Evans studied distributional issues e.g. gender differences in
performance – by asking students to complete a questionnaire
including some perfor mance items, and by building a
mathematical (statistical) model. He found that the size of gender
differences – initially quite substantial – decreased (and were no
longer statistically significant for school leavers in the 18-20 age
range), once the model controlled for a range of competing
explanations such as social class, age, level of qualification in
school maths, and affective variables, especially confidence and
maths anxiety.
Besides these quantitative methods, the research also used
semi-structured interviews (life history / clinical) to observe
student problem solving and affective reactions. This allowed
the problematising of categories and scales from the
questionnaire, and more flexible and rich description of several
concepts:
· performance, in a context-specific – more precisely, a practice-specific –
way, as in how to understand a student’s calculation of a restaurant tip
as ’37.2p’ (Evans, 2000, p162ff)
· social class, elaborated to include not only an economic, work-based
aspect, but also cultural and identity-based aspects (see e.g. pp230-1,
and also the discussion of Arnot’s elaborations above)
· anxiety expressed, distinguished from anxiety ‘exhibited’, using insights
from psychoanalysis (pp171-2).

These elaborated categorisations were used to examine
the main relationships in a richer way (though for a smaller
sample), in what I called ‘qualitative cross-sectional’ (or could
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have called ‘quantitative semiotic’) analyses. These ‘hybrid’
analyses combine an interpretive reading of textual material
with a basic statistical analysis; see Table 2 below, where the
categorisation of an interviewee as having ‘expressed anxiety’ or
as ‘likely to have exhibited anxiety, but not to have expressed it’
depends on a careful reading of the entire interview transcript,
drawing on psychoanalytic insights about the way that anxiety
can be ‘exhibited’, even if it is not expressed (Evans, 2000,
pp144-5).
When the results of the categorisation on the latter anxiety
variable are cross-tabulated with gender, the resulting ‘qualitative
cross-sectional’ analysis in principle allows a comparison across
genders, etc.; see Table 2.
However, virtually all students (22 of 25) took the
opportunity to express anxiety during the interview, so any gender
differences are small and not very reliable (because of the small
sample size).
Another way that quantitative and qualitative methods might
be brought together is in the use of residuals (from quantitative
modelling) to indicate which cases might be ‘over-achievers’ or
‘under-achievers’, relative to what performance would be
expected, given their gender, social class, age, level of mathematics
anxiety, etc. (see Evans, 2000, note 8, chapter 10, pp270-1, and
also Boaler, 1997, pp138-9). These individuals might then be
selected for invitation for semi-structured interviews, as possibly
more interesting for the analysis. Thus both quantitative and
qualitative methods are used for distributive analyses of social
difference / social justice.
The semi-structured life history interviews provided
material on subjectivity / identity, and therefore, allowed for the
recognition of students from various social groups. In these
interviews, the student related earlier experiences where they were
‘recognised’, or not, as a learner of mathematics. The interviews
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gave students space to express anxiety and other feelings about
mathematics to the interviewer, as illustrated above. The
interview also allowed several students to describe and to
celebrate their ‘recovery’ of confidence and competence in
mathematics during the first year of their college course (Evans,
2000, p239).
These two studies together show the use both of
quantitative and qualitative methods to study distributional and
recognition aspects of social justice in mathematics education.
In Evans’s study, the ‘qualitative cross-sectional’ method
(illustrated in Table 2) appears to be a hybrid, both quantitative
and qualitative.
Table 2 Expressing and Exhibiting Anxiety in Semi-structured
Interviews: cross-Tabulation of Numbers with Gender (n = 25)
Coding
Anxiety expressed
Likely to have exhibited anxiety,
but not to have expressed it
Total

Males
9
3
12

Females
13
--

Total
22
3

13

25

Source: Evans (2000), Table 9.7

6. EXTENDING THE ANALYSIS OF SOCIAL
JUSTICE TO FURTHER ASPECTS
Other views of social justice comprise not only a ‘double
aspect’ of social justice or equality, but a further aspect. This
leads us to consider ‘distribution’, ‘recognition’, and ‘representation’ aspects of social relations (Lynch & Lodge, 2002;
Bernstein, 1996, pp5ff). Here Lynch & Lodge focus on ‘equality’;
Bernstein on ‘conditions for democracy’.
As an indication of the importance of this third dimension,
we can examine the following summing up of the position of
sociology of education at the turn of the century:
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· Who gets taught what, how, by whom, and under what circumstances,
conditions, contexts and resources?
· How, by whom and through what structures, institutions and processes
are these matters defined, governed, organised and managed?
· What is the relationship of education as a social institution to other
social institutions of the state, economy and civil society? and
· In whose interests are these things determined and what are their
social and individual consequences?

(Dale, 2001, p. 27)
It can be seen that, while the first point relates to
distributional issues, the last three points relate to issues
concerning politics and power. The latter are not covered by the
distributional and recognition aspects of social justice.
Thus the third aspect of social justice or equality concerns
power and the ‘representation of interests’:
· power relations at macro-levels of state and related institutions;
· micro-level power relations between teachers and students (or ‘agerelated status’).

Overall, this aspect is less developed within educational
research than redistribution and recognition. And, within this
aspect, the macro level is better researched than the micro level
to date.
This might prompt research questions such as:
· What are the views of teachers on power and authority relations in
their schools?
· What kinds of changes would pupils like to see, in order to make
school a fairer place?

Here we can consider the analysis of Lynch & Lodge, in
Equality and Power in Schools: Redistribution, recognition and representation
(2002). The methods used included questionnaires distributed
to teachers in eight schools; and content analysis of pupils’ essays
on the above ‘would like to see’ topic.
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In developing their work Lynch & Lodge also point to the
way that the organisation of interpersonal relations in school
also leads to a fourth dimension of social justice. This fourth
aspect focuses on equality in the affective domain, on the fact that
teachers and learners are not merely rational actors, nor simply
cognitive beings – but rather ‘have an emotional history, as well
as a social class, gender, or [and] ethnic history’, which relate to
the dependence and interdependence that are ‘an integral part
of the human condition’, and the ‘emotional dimensions of the
learning process’ (2002, p11). This is a promising emerging area
for further research (Evans, 2002; Nurmi et al., 2003; Hannula,
2004), but it cannot be discussed further here.

7. SUMMARY AND CONCLUSIONS
1. A perspective on social justice and equality is fundamental for many
important research topics in educational research today. It is also central
to many policy concerns.
2. A commonsense view might attempt to align aspects of inequality
with methodologies to study them, as follows:
a. Distributive issues (e.g. school performance, access to higher
education), to be studied using largely quantitative methods.
b. Inequalities in social interactions (e.g. how students treated, stereotypes
held of different groups), to be studied using mostly qualitative
methods.
But we need to be sceptical about both of these simple linkages. See for
example the discussion of Gillborn & Mirza (2000), and Arnot (2002)
above.
3. Indeed, research into social justice and equality requires the use both
of quantitative and qualitative methods, as illustrated above. These
may sometimes be used together in one particular study (e.g. Boaler’s
and Evans’s above), or sometimes woven together in a developing
research programme (Gillborn & Mirza, or Arnot).
4. There is a complex inter-relation between the two / three / four
dimensions of social justice / equality which are interpenetrating.
Different aspects are inseparable for many groups (Fraser, 2000)
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5. Theoretical analysis is important to underpin empirical work of either a
qualitative or quantitative kind. Sociological research programmes provide
an essential basis for this research, richer than that provided by most
policy discourses:
Theory [ …] offers a language for challenge, and modes of
thought other than those articulated for us by dominant others.
It provides a language of rigour and irony rather than contingency.
The purpose of such theory is to de-familiarize present practices
and categories, to make them seem less self-evident and necessary,
and to open up spaces for the invention of new forms of
experience...

Ball (1998)
For example, Madeleine Arnot’s (2002) critique (see above)
of social (class) reproduction theories which emphasise the
economic aspects of inequality, requiring redistribution, highlights
the differences in ‘cultural capital’, which lead to questions of
recognition and representation. The richness of this multi-dimensional
approach must be grasped theoretically.
6. In closing, I briefly wonder about what possibly might be barriers to
a multi-method approach. I sense, within some parts of the contemporary
international mathematics education community, and in educational
research generally (Delamont, 1997), an apparently ‘always switched
on’ preference for using qualitative, rather than quantitative methods
– seemingly independent of any consideration of the nature of the
problem. Possible reasons for this may include:
· a linking of ‘positivism’ and quantitative research – which are then
sometimes treated to ‘ritual dismissal’ – but not all ‘positivist’ research
is quantitative and not all quantitative research is positivist (see
examples above).
· a linking of feminist and qualitative research methods, e.g. Ann Oakley’s
(1981) article entitled ‘Interviewing women – a contradiction in terms’
– but this linkage is softening: see Arnot’s programme above, and
Oakley’s (2000) emphasis on the use of quantitative fieldwork methods,
given her more recent concerns with ‘evidence-based practice’.
· the idea that the quantitative - qualitative distinction can be easily
drawn – but some idea of the difficulty of distinguishing simply
between the two has been given above, using especially Evans’s (2000)
hybrid approaches.
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ABSTRACT
At a grade school graduation twenty children line up on the stage for
graduation to receive awards for academic excellence. Fourteen of the twenty
are girls, six are boys. This annual ceremony would be similar in many western
countries around the world. Why are there always more girls than boys on
that stage? At a teachers college graduation candidates for degrees and
diploma’s are paraded in front of dignitaries, parents, and family members as
they are awarded their credential and recognized for their achievement in the
formal education system. For some reason they are divided into groups.
One group is made up of academic teachers, the other of technical teachers.
Both have completed a similar program to become a teacher but they are
treated differently by the institution in this formal ceremony. Why is this? In
Frank McCourts book ‘Angela’s Ashes’ the Irish headmaster Mr. O’Halloran
requests a meeting with M’Courts mother to see if he can convince her to
keep her son in school because he has a lot of ability. He tells her he did not
become a headmaster to preside over an academy of messenger boys (p.
336). Similar prejudicial pleas by principals, rectors, headmasters, and teachers
around the world are recited to parents and students every day. Why is
academic achievement such a widely accepted bench mark of success in life?
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1 INTRODUCTION
These three rituals, as a collective, have a common thread.
They provide evidence of a premise that underlies the work of
schools and universities around the world. Assimilation into
society via academic achievement is a premise and a practice
that is almost universal in schools and school systems. This
paper will examine that premise and the practices associated with
it in a broader context than academic study. The paper will draw
on ideas from the sociology of knowledge literature, as well as
testimonials from technical teachers. A critical discussion of
the importance and place of knowledge versus experience, dating
back to the Crowther report on English education, to Margaret
Donaldson’s book ‘Children’s Minds’, and to aboriginal values
about learning in Canada, will serve to set the stage for a fresh
perspective on educational policy and planning.
These three incidents, all characteristic of practices in formal
education settings, also set the stage for a critical analysis of our
reliance on knowledge versus experience in our education policy
and planning. An analysis of the premises we take for granted
in the formal education system becomes possible. A critical and
informed stance on commodities such as knowledge and the
attractions and detractions of institutionalized learning, becomes
speakable.
It would be hard to imagine how formal learning could
possibly take place absent of knowledge and information.
Language is what makes communication and learning viable in
all cultures. But words and concepts have evolved to such a
level of sophistication that they both clarify and blur reality. It is
often difficult to separate reality from abstraction. Carried to
extreme they [words and concepts] become tools of themselves,
capable of representing but also misrepresenting ideas [the
concept ‘knowledge-based economy’ articulated in the popular
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and professional literature is a case in point]. Professional people
in most fields function with a set of concepts and language that
is accepted and imaginatively used and abused at the same time.
The fact that so many important aspects of institutional life
depend on universally accepted norms regarding language use is
a blessing and curse.
Where does this penchant for reducing things to
commodities and concepts come from? Is it from our
institutional way of thinking? Many policy makers, e.g., political
economists, think of our institutions as instruments of society.
Such people refer to the many components (commodities?)
necessary/central to an efficient and progressive school system.
Knowledge is a particularly visible example. It enjoys high status, fueled in part by the view that assimilation to one way of
thinking is central to a progressive and democratic culture. The
term ‘knowledge-based economy’ is one of many which gives
credence to the high status associated with knowledge, both inside
and outside education systems. Even in industry the
commodification of knowledge is widespread. The computer
industry as an example. Yes, the many software packages
available are an asset to people in making communication easier
and faster. But, do they help us beyond information exchange
into higher order issues associated with understanding and
wisdom? Does industry with its marketing and promotion,
contribute to the confusion among information, knowledge and
experience?

2 SOCIALLY CONSTRUCTED KNOWLEDGE
Yes, the keystone or central element of institutional learning
is knowledge. This highly regarded commodity has been elevated
to such a high degree over the last one hundred years that it
[knowledge] is taken as a universal standard for achievement and
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success. If you don’t have certain knowledge and a command
of accepted ways to convey it, you are deficient. The consistent
cry by governments urging young people to achieve grade twelve
or college education provides evidence of this widespread public
acceptance of what schools, colleges, and universities do. The
irony is that most knowledge conveyed in formal education
institutions is constructed knowledge. It is packaged, you might
say, for delivery and consumption the same way as a new product
is packaged for the retail market. But, according the McLaren
(1998), there is more to it.
Critical education theorists view knowledge as historically and
socially rooted and interest bound. Knowledge acquired in school
– or anywhere, for that matter – is never neutral or objective but
is ordered and structured in particular ways; its emphases and
exclusions partake of a silent logic. Knowledge is a social
construction (p. 173).

McLaren believes the world we live in [western society] is
constructed symbolically by the mind through social interaction
with others. At the practical level but also invisible in the public
realm is a call by an increasing number of students for more
meaning in the curriculum. Initiatives related to learning that is
project-based as opposed to text-based, are gaining momentum.
But, what is this polarity about? What is it about a singular reliance
on knowledge that is problematic? The problem is articulated
by critical pedagogy scholars. Critical pedagogy asks how and
why knowledge gets constructed the way it does, and how and
why some constructions of reality are legitimized and celebrated
by the dominant culture while others clearly are not. Boud (1989)
argues that we have overlooked experience and the experiencebased learning approach in schools.
Although experiential or experience-based learning can be
regarded as the earliest approach to learning for the human race
the significance and potential of it has not been fully recognized
until relatively recently. In the formal education system it has
tended to be developed and regarded as somehow fundamentally
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inferior to those organized forms of knowledge which have been
constructed as subjects or disciplines. The practical and the
applied do not tend to have the same status in educational
institutions as the academic and the abstract (p. xi).

Boud would argue that a different set of premises and
practices would govern what schools offer young people, if
experience as well as knowledge were recognized as equally
important.

3 TECHNICAL TEACHER TESTIMONIALS
The professional development that technical teachers go
through provides some evidence of what a different set of
premises for school learning would look like. The following
journal entries from technical teacher candidates help make the
case for Boud’s experiential approach. The research method is
based on life histories (Jones, 1983) and collaborated stories
(Connelly and Clandinin, (1990). In Ontario technical teachers
are required by provincial legislation to have five years of work
experience in their technical field. As such they are heavily
socialized into a workplace culture, one which values experience.
Making the transition to a knowledge-based school culture where
learning through signs and symbols is dominant creates a tension
for them. Many never make a successful adjustment (Hansen,
1996) into the profession. In this case George (a pseudonym)
wrote about how learning in school was alien to him but working
as a machinist was natural.
Years later when I began to work as a machinist apprentice I
came to rediscover my true nature of learning. I was able to
excel as a machinist, in all areas including math and programming
skills which many of my colleagues found difficult. I believe
this was because a machinist uses many senses in order to be
successful. This is a job that requires a hands-on learner, one
who learns through the interaction of the senses. The tactile,
aural, visual, and emotional stimuli which one receives generates
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a sense of pride and accomplishment in a job well done. This is
truly my learning style and the skills and knowledge that I have
acquired and will continue to build upon will be retained by me
for longer than anything that I have long ago temporarily learned
and forgotten in the discursive world of schools. Truly this is
the best learning environment for me.

Technology Teacher Candidate - UWO - 2000
This journal excerpt of a thirty-year-old technology teacher
candidate at the University of Western Ontario reveals a problem
in our schools and in the way we prepare teachers for their chosen
profession. Among many contradictions associated with the
pedagogy we perpetuate as teachers and teacher educators, one
is particularly invisible. It is that we ask our young to defer their
natural tendency for learning in favour of an artificial one. This
testimony makes the contradiction more ‘explicit’ or visible.
Eisner’s (1998) work on art education as a core subject in schools
helps distinguish between knowledge and experience.
Consciousness of the qualitative world as a source of potential
experience and the human sensory system as a means through
which those potentialities are explored require no sharp
distinction between cognition and perception: On the contrary,
I came to believe that perception is a cognitive event and that
construal, not discovery, is critical. Put another way, I came to
believe that humans do not simply have experience, they have a
hand in its creation, and the quality of their creation depends
upon the ways they employ their minds (p. 162).

The teacher education socialization research (Zeichner and
Gore, 1990) suggests that most general studies teachers adopt
some variation of a transmissive model for teaching. Such
teachers believe, partly as a result of their training and partly out
of conditioning from their own schooling, that learning in schools
is about ‘knowing’ rather than ‘experiencing’. They perpetuate a
system of teaching into which they were successfully
indoctrinated when they were students in high school. These
teachers seem to derive their professional self-esteem from
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‘knowing’ in an epistemological way rather than from ‘doing’
(Kessels and Korthagen, 1996).
By comparison technology teachers, at least in Ontario,
bring a different framework and set of premises to teaching.
They have a perspective on learning that is practical rather than
academic. Background experiences in an apprenticeship, in a
cooperative education program, or in a business and industry
environment often nourish a learning ethic that is quite a contrast
to the predominant one found in schools. In a teacher
development and curriculum policy/change context the learning
preferences and tendencies of these technology teachers are
particularly important to understand. The lives of technology
teachers and the relation of their experiences as teachers to the
culture of the secondary school is unveiled and identified by
Layton (1993) as follows: “No subject challenges the historic
role of schools as institutions which de-contextualize knowledge
quite so strongly as does technology” (p. 15). The problem is
how to clarify the difference between an academic versus practical
orientation to learning, and to explore how a practical or
experiential framework for learning contributes to the well being
of our young and an understanding of ‘how people learn’. My
own experience suggests that teacher candidates who have either
been socialized into a business and industrial culture or who
have a tendency for learning through practical means learn
through a ‘sense of physical location’. The following journal
entries from George and Sean offer evidence of this tendency
as well as the need for change in school curriculum theory and
practice. That need leads to further exploration of the
assumptions we, as school-based educators, adopt when we teach
in school environments.
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Opposing Authority and Achieving Limited Success - George
The most important insight which I learned about myself as a
learner [in school] was that it did not matter to me what other
people thought about my potential, I knew it was unlimited.
Unfortunately I also came to oppose authority constantly. Many
years passed before I began to respect people in authority. I was
not aware of it at the time, but I demonstrated my true nature of
learning, and emphasized in myself a return to the initial method
of learning that all of us employ. I reconstructed my experiential
learning tendencies. Unfortunately, the experience was not a
good or constructive one and I became someone who would
not trust or respect teachers until they could prove themselves
to be a person who treated all others with respect and trust. Still
to this day if anyone suggests that I am not capable of a task I
catch myself working hard to prove them wrong. In some ways
this is good, but I have to pay close attention to my actions so as
not to overreact.
From my perspective at the time (and I strongly believe this today)
it became apparent to me that the most effective learning
environment is one where the educator is able to set aside personal
prejudice and focus on the needs of each individual. By doing
so you can more effectively provide the area of individual
attention that each student requires. This applies to all aspects
of any work environment in which I have been employed. I
certainly did not fully understand my learning tendencies then,
but I am beginning to now. I am, by nature, a hands-on
experiential learner and my schooling did not allow me to develop
my learning style to any significant level from which my full
potential could be realized. During my time in school my parents
and teachers all emphasized how important it was to learn and
do well in school. I did try to adapt my learning tendencies to
suit their perceived views on how to study and learn, but I was
only able to achieve limited success through these methods. This
made school a difficult place for me to be because I did want to
please my parents, but I was unable to explain or understand
why I could not achieve the grade levels that we all knew I could.
I was trying hard to adapt my learning style to what my parents
and teachers thought it should be, and I did achieve limited
success.
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Cars Saved My Self-Esteem - Sean
Grade eleven did not appeal too much to me, and neither did
grade ten, or nine, perhaps even eight. Yet I had been ‘successful’
in school. Accelerated in elementary school, I passed through it
in six instead of seven years. As a consequence, I was usually the
youngest person in the class, and often the smallest in stature.
So sports did not turn out to be my strong suit - and the older
I got, the more that mattered. Achieving high scores on tests
did not impress peers, scoring goals and home runs did.
Attending school became a chore. In fact, performing poorly
almost became something to be proud of; at least it made you
more like ‘the other guys’. I may have deftly avoided physical
sports, altercations, and fights with larger classmates, but my selfesteem was ‘takin-a-whoopin’! Soon I discovered cars.
Cars saved my self-esteem. That is, buying cars, fixing them,
driving them illegally (no license plates and too young to drive),
selling them for a profit, getting dirty, the sound of them, the
power of them, the sheer technological triumph of their
existence, everything. I loved cars. (If there is one point of
clarity I can draw from our technology rationales [a faculty of
education assignment], it is the empowerment feature that tech
knowledge fosters). And as much as I came to love cars, I came
to love the industry that supports them: garages, mechanics,
tools, gasoline and oil, Canadian Tire stores, wrecking yards, car
lots, and dealerships. And all of these things just happened to
be the stuff of work, not of school.
Back at school I walked the halls with a secret. I had two cars at
home in the driveway - two! Everything else there seemed
irrelevant. Math was ‘new’ and taking algebra and geometry –
“so what” I thought, “I got two cars at home!” In geography we
were taking geology or maps, I think, but ‘so what – I’ve got two
cars at home…tonight I’ll…” The big guys strutted around with
their basketballs and leather jackets, “so what,” I smirked to
myself, “you probably can’t even get the hood open on your
dad’s car! And I’ve got two cars at home!” My mind rarely left
the topic and there was no drink at school to quench my
automotive thirst.
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What these journal vignettes reveal is that the values and
beliefs that differentiate academic studies from practical learning
are discernible, but repressed. They [the individual journal
excerpts] help the reader understand the dynamics of two distinct
learning cultures, and their impact on teacher socialization .
George, for example, is particularly strong and articulate in
expressing his less than stellar experience as a learner in schools.
He had a number of demeaning experiences that, to this day,
remain vivid in his memory. One could argue that he is ignoring
the fact that many students experience problems or undergo some
trauma in school life. In hindsight, many parents and students
appreciate the discipline that school life imparts. On the other
hand, some who think they are better off for schooling
experiences may not have confronted their feelings fully or
thought through what really happened. Sociologists are often
quite blunt about the latent dysfunctions of the school. Bowles
and Gintis (1976) argue, for example, that schools do not reduce
or remove class inequities, they perpetuate them. At the individual
student level British sociologist Basil Bernstein (1970) argues
that learning in schools serves middle class children (with strong
linguistic orientations) well and deprives working class children
(with strong non-discursive tendencies). “Thus the working class
child may be placed at a considerable disadvantage in relation to
the total culture of the school. It is not made for him [sic]: He
[sic] may not answer to it.” (p. 346). This point is further
reinforced by the writings of Margaret Donaldson (1987): “The
better you are at tackling problems without having to be sustained
by human sense the more likely you are to succeed in our
educational system, the more you will be approved of and loaded
with prizes.” (p. 78).
In Sean’s case (a pseudonym), a wisdom is evident. His
ability to reflect and to weave the two periods (then and now)
into his writing, and his reverence for cars (rather than school),
44
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is particularly interesting. This thirty-five year old teacher
candidate could tackle the problems that Donaldson refers to, as
a school age boy, but he also had a strong sense of himself and
his needs, or wants (including the common sense to quit school
when his self-esteem required it). How many adults today had
thoughts of quitting school but never did? Sean, in a way was
true to his beliefs. His tendency was to embrace the technology
associated with cars. He could not get enough. Cars, not school,
saved his self-esteem.
What these excerpts reveal, beyond personal growth, is that
preparing to teach technology is complicated. What these teachers
are preparing for and practising to do in the profession is
perplexing to them. They have, like many, a set of baggage
relating to their own schooling that may or may not be resolved
in their own minds. What are my tendencies as a learner? What
are my beliefs about learning, studying, experiencing? Have I
been honest with myself about why I want to become a
technology teacher or is it even possible to know? What does
the profession hold for me? In a study at the University of
Western Ontario (Hansen, R., Fliesser, C., Froelich, M., &
McClain, J. 1992), it was discovered that technology teachers
experience a dissonance between value systems. The evidence
from that study suggests that the values and beliefs about learning
held by technology teachers were/are not recognized as important
by school leaders and officials. These teacher candidates felt
displaced before even securing their first position in the
profession. These young men and women had been socialized
into the world of work. Their success and self-esteem had been
measured not by book studies and normative grading, but by
experience and everyday technical, economic, political, and social
reality. The transition to school life for these teachers,
consequently, was/is characterized by a subtle and nagging stress,
one which they did/do not fully understand, and one about which
very little was/is spoken or written.
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4 IMPLICATIONS AND DISCUSSION
What makes the study of technology teachers with outsideof-school experience and their reverence for experiential learning
pertinent/interesting is the timing - a period in which schools as
institutions find themselves deeply entrenched in a constructed
and abstracted academic curriculum for all students. The classic
model of transmissive teaching, while receiving some scrutiny
of late in the literature, has been a pedagogical staple in Canadian
schools for years. So has the traditional school subject mix
deemed to be important by school leaders – languages,
mathematics, sciences, social studies. The technology curriculum
is treated as an option, not a core subject.
Technology teachers, seldom recognized for their practical
expertise and culture, continue to be stigmatised by this
curriculum formula. The fact that technical specializations have
been integrated into broad-based fields of technology, e.g.
manufacturing, transportation, design, communications, has not
yet changed the status of the subject or the plight of the teachers.
Technology teachers from these diverse and demanding
curriculum worlds get little fulfilment from a limited range of
status levels, satisfaction variables, and career advancement
opportunities. Only recently, thanks to Layton and others are
these unique teacher attributes/characteristics gaining a modest
respectability and prominence in the schools and in the literature.
The school and teacher education curricula seem to be
designed on the premise that it is appropriate for our children to
postpone or defer their natural tendencies for learning, i.e., to
experience through a balance of all the senses, in order to develop
their mental or intellectual faculties, in favour of a methodology
through which the intellect is trained to separate matters of the
mind from the body. The purpose of schooling may best be
characterized as learning intellectual self-discipline. Donaldson
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is particularly blunt about this truth in her book ‘Children’s
Minds’. She uses the term ‘disembedded thought’ to describe
what schools foster through the formal discursive curriculum.
In short, schools portray learning as a lofty and irreplaceable
exercise in intellectual development. “The paradoxical fact is,”
according to Donaldson, “that disembedded thinking, although
by definition it calls for the ability to stand back from life, yields
its greatest riches when it is conjoined with doing.”
Crowther (1960) in his classic chapter ‘The Alternative Road’
extends Donaldson’s sentiments considerably by suggesting an
alternative approach to knowledge and knowledge dissemination.
An observer of English education can hardly fail to be disturbed
by the large number of able boys and girls who lose their
intellectual curiosity before they have exhausted their capacity to
learn. There are, of course, dull patches in every subject, but the
distaste to which we refer goes much deeper than this temporary
boredom. It is more akin to accidie, that deep-seated apathy which
theologians class as one of the seven deadly sins. They may go
on working; but it will be more for what they can get out of it
than for what they can find in it. Is this inevitable? Where so
many patently lose interest in developing powers they
undoubtedly possess, and in which they used to delight, it seems
to us that the fault must, in part at least, lie in the kind of education
they are offered.
The answer, we think, lies in an alternative approach to knowledge to that which has traditionally dominated European
education. We are very far from decrying the academic tradition
which inspires and is embodied in our grammar schools and
universities. We believe that there is no finer intellectual discipline
and none more fitting to certain types of mind. It is not, however,
the only road by which good minds can travel. If the country is
to benefit fully from the intelligence of all its able boys and girls,
it will be necessary to rehabilitate the word “practical” in
educational circles—it is often used in a pejorative sense—and
to define it more clearly…..
What does a boy mean when he demands a more practical
education? He may perhaps just be complaining that he cannot
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see the point of what he is asked to do…... He demands that the
purpose of what he is taught should be clear, and that it should
commend itself to him as worthwhile.
Practical may have quite another meaning. This is especially true
of the arts, where a boy or girl may be asking that he should be
taught to do as well as to appreciate what others have done. He
wants, perhaps, to play in an orchestra, and not merely to listen
to one; to paint and not only to receive lessons in art appreciation.
He stands in a tradition many thousands of years old, an
educational tradition, though not historically a school or university tradition. It is a task of importance to make this other tradition
of artistic or creative education (historically a matter of
professional or technical training) as much a respectable part of
the general educational system as the largely analytical tradition
of the schools. It is right to add that some of the most
encouraging educational achievements of our time have been
precisely in this sphere.
A boy may, however, have something still different in mind when
he speaks of a practical education. He may want to use his hands
and his mind not so much to create as to invent. The boy with
whom we are concerned is one who has pride in his skill of hand
and a desire to use that skill to discover how things work, to
make them work and to make them work better. The tradition to
which he aspires to belong is the modern one of the mechanical
man whose fingers are the questioning instruments of thought
and exploration. He would readily understand and respond to
the impulse which sidetracked Lord Kelvin for five years between
the first and the second of a promised series of articles on the
Mariner’s Compass for the Victorian periodical Good Words
because, once his attention had been directed towards the
compass, he could not stop until he had revolutionized its design. There is always a risk that the practical approach may be
written down as a second-best method for rather less able boys.
We quote Lord Kelvin’s example to show that this should not be
done. The motor car engine and the radio set are to a boy of this
kind an irresistible invitation to discovery. He will not be content
with understanding one of them, but will want to explore both,
and more machines as well of different kinds. His is not a narrow
vocational interest, but a broad scientific curiosity. Fortunately
this breadth of appetite is in line with the new demand for
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technical adaptability, and we can encourage his discursiveness.
So strong is this mechanical inquisitiveness that today it drives
many to educate themselves who yesterday could hardly be
compelled to be educated. So new is it that it has not yet been
able thoroughly to permeate the educational system. It is normally
accompanied by a manual competence which, it is true, is not a
common possession of all men; and which, even in those who
have it, needs to be developed by patient teaching. Sometimes
the process may be reversed, and mechanical inquisitiveness may
lead a boy on to acquiring skill of hand. But in whichever order
it comes, the boy who sets out on this sort of exploration soon
requires to add considerable theoretical knowledge, which he
will undertake with determination because he now sees the need
for it. lt is clear that what we have been describing is not every
boy’s road to knowledge, let alone every girl’s. It is not even every
scientifically minded boy’s, let alone every mathematician’s. But
for some it is the only way, and for many the most congenial.
(pp. 391 - 393).

The implications that arise from the absence of a nondiscursive curriculum are interesting in a curriculum policy/
theory context. The fundamental premises about learning, that
drive curriculum policy and implementation in schools, are not
often discussed in the educational sciences literature (the above
authors are an exception). Theories about how children learn,
however, abound. One safe observation about the body of
research on learning is that it is ‘undistinguished’. After forty
years of research and hypotheses, there is no consensus on, or
definitive understanding of, ‘how people learn’. What does exist
is a growing and diverse body of evidence that suggests ‘the
practical project’ may be an element in teaching methods courses
that deserves more prominence.
Sheridan (2000) argues that schooling legitimizes literacy
[the discursive curriculum] at the expense of experience.
Writing is about seeing and believing in symbols that are
substitutions for sensual reality. The page, decorated with
permutations of the alphabet, cannot represent smell, taste, touch,
and space…. To read is in essence the entry point into an
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exclusively symbolic reality at the cost of the reality it represents
(p. 24).

Eisner takes the relation between literacy and experience
one step further.
First among these [variety of beliefs] is the belief that experience
is the bedrock upon which meaning is constructed and that
experience in significant degree depends on our ability to get in
touch with the qualitative world we inhabit. This qualitative world
is immediate before it is mediated, presentational before it is
representational, sensuous before it is symbolic (p. 161).

Recent literature (Kessels, and Korthagen, 1996; Layton,
1993), points to a renaissance of sorts in the way educators think
about how students become engaged in learning and how school
systems interpret reality though the curriculum. Meaningful and
authentic learning, in this new view, is thought to be based in
experience, the same experience that technology teachers have
long cherished as valuable and necessary to learning in the many
diverse fields of specialization which make up the world of
technology, and technological education.
Research by Harre and Gillett (1994), suggests that real
learning requires a sense of physical location to contextualize,
precipitate, and reinforce it. They argue that such learning takes
place when individuals are stimulated by a broader combination
of senses than sight and sound. As Dewey suggests, classrooms
should be places where more than ‘listening’ takes place. The
position that learning of a non-discursive nature, i.e., learning
through a sense of physical location, stimulates a sense of self, a
precursor for/to real learning, is intriguing. Such a position
challenges the fundamental assumption that drives school
learning. That assumption is that knowledge is the paramount
goal and, more important, it can be acquired independent of
practical action.
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The issue of institutional criticism is captured in Greenfield’s
(1993) writing. He is particularly articulate in his observations
about formal institutions/organizations.
The basic problem in the study of organizations is understanding
human intention and meaning. Part of the complexity in this
problem is found in the observation that people can act
purposefully and yet bring about consequences that are wholly
unintended for themselves and for others (p. 92).

In the case of schools this is particularly true. School goal
statements consistently refer to the egalitarian purposes associated
with schooling. The evidence suggests, however, that schools
are middle class institutions that serve middle class kids well and
fail to accommodate the needs of other groups.
The one implication that transcends all others in this analysis
centers on the contrived curriculum through which our school
students are asked to learn and grow. It is prudent to ask - is the
curriculum artificial? Does it perpetuate a theory in which
children are seen and treated as commodities? Does our teacher
education curriculum misdirect teacher candidates by drilling
them in the educational psychology discipline, a discipline that
has, for five decades, provided misleading research on learning?
The designer curriculum that many westernized countries have
adopted over recent years is also open to question. All such
initiatives speak of engaging students more meaningfully in the
learning process, but do students become engaged? In teacher
education we use a narrow conceptualization of pedagogical
options. The focus is on traditions of ‘how to teach’ with an
educational science base. Writing behavioural objectives is one
example that shows how curriculum is designed. Yet, the
‘objectivist’ approach to curriculum development represents,
above all else, a search for certainty and technical control of
knowledge and behaviour rather than personal growth and
meaningful learning.

RON HANSEN
The position I have taken in this paper is that schools and
universities perpetuate a mode of learning that is perceived as
being important and best for young people. But, when scrutinized
it becomes possible to see a pattern in the design of schools and
learning that has flaws. Assimilation into society via academic
achievement may do as much harm as it does good for our youth.
The critical pedagogy literature, the experiences of technology
teachers, and the institutional change research all point to a need
for reflection and action, or at a minimum, some lateral thinking.
For example, one could ask – can a case be made for reversing
or transcending our limited way of thinking about such things
as knowledge?
52
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ABSTRACT
The purpose of this study was to examine gender differences between interests
in physics in different contexts. Pupils (N=3626, median age 15) were selected
by stratified sampling from Finnish comprehensive schools. The survey used
35 interest items: some from the international ROSE* questionnaire and some
specifically designed for this study. Items were categorised into six contexts:
ideal science, technology in society, technical applications, human being,
investigation, and design and technology contexts. Boys were more interested
in every context other than the human being context, where boys and girls
indicated essentially equal interest. The study indicated that the human being
context might offer an approach to design curricula that take into consideration
the different interests of boys and girls.

Key words: Gender, physics, context, interest, survey
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1. INTRODUCTION
There is a long tradition in the examination of gender
differences when looking at students’ interests and attitudes
towards science, their study behaviour and achievements.
According to modern psychological theories (e.g. Krapp, 2002;
Hoffmann, 2002), interest in physics can be seen as a
psychological construct that emerges from a student’s interaction
with (physical) objects and phenomena and explanations of them
and with physics as a school subject. Interest can be seen as a
medium supporting learning processes and the quality of learning.
Osborne’s (2003) comprehensive literature survey shows
that one of the main motivators for gender-related research in
science education is the fact that there are few girls in technical
and science-related occupations, but more qualified personnel
are needed. In addition, the numbers of pupils in general who
choose science courses in school appears to be decreasing. To
solve these problems, different kinds of intervention projects
have been launched to increase the number of girls who select
science subjects, especially physics (see e.g., Hoffman, 2002).
Increasing the number of girls in science (and technology) has
been seen as a solution to ensure productivity and the economic
future of nations. This has been considered an international
problem, at least in western countries. Equal opportunity
legislation has provided an additional reason to increase female
participation. Thus, increasing the number of people in nontraditional occupations (e.g. girls in technology and boys in
nurturing jobs such as nursing) has been seen as a way to develop
a more equal society. (Osborne, 2003)
In addition to gender, research has identified other
predictors for the choice of science, such as future relevance
(future studies or occupation), interest in the contents of science
subjects (domains of science), interest in a context (e.g., science

57
BOYS’ AND GIRLS’ INTERESTS IN PHYSICS
in society or technology) where certain science domain is met,
interest in an activity type of students or method of studying
subject or teaching methods used, achievement, and difficulty
and appreciation of the topic (Simon, 2000; Stokking, 2000;
Hoffman, 2002; Trusty, 2002).
Students will study and learn science better if they are
interested in it. Typically, students’ interest in physics is lower
than that in chemistry and biology (Fairbrother, 2000, 16-17).
Further, it is often believed that many students are interested in
only a few items on the curriculum. Therefore, it is valuable for
a teacher to know how to arouse or activate interest. Reeve (2002,
pp. 186-187) argued that a teacher can motivate students to study
science by arousing the science-oriented interests of the student
by choosing phenomena relating to students’ interests and life
agendas. For that reason, it is valuable learn how science, especially
physics and technology, can be designed to be more interesting
for pupils, especially girls.
One of the identified predictors for choice of science was
an interest in the context where a certain science domain is met.
The aim of this study was to identify any significant differences
between boys’ and girls’ interests in studying contexts. Surveying
the opinions of pupils, teachers, policy makers, and textbook
writers could take into account both boys’ and girls’ interests,
thus pointing the way towards more gender-equal teaching.
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2. BACKGROUND OF THE STUDY
Science and Technology at grades 7 – 9 in Finnish
Comprehensive School
At about the same time that this research was completed,
the National Board of Education in Finland was launching the
new Framework Curriculum (2004). Schools are already making
school-level solutions based on it. In the new curriculum, themes
of physics are expressed traditionally, according to physics
domain areas: mechanics, thermodynamics, electricity, light and
waves, and modern physics. Further, the new curriculum
emphasises research by the following methods: (i) acquisition of
scientific knowledge, (ii) understanding of the empirical nature
of the natural sciences, and (iii) development of different work
or process-related skills, such as measuring and designing an
investigation (c.f. Bennett & Kennedy, 2001).
The new curriculum describes technology education as a
thematic entity. This means that every subject covers a part of
the theme. In physics, the role of technology could be dealt with
while studying technical applications (e.g. mechanical or thermal
engines), science and technology in society (e.g. energy resources
or manufacturing or construction of artefacts in industry), and
designing and constructing technical devices for specific purposes
(e.g. a telescope or an overhead projector).
Many topics, such as sports, can be integrated to physics
education. In biology, areas like anatomy and especially physiology
of the human body include contents that can also be applied in
physics education. Furthermore, the new curriculum establishes
a totally new school subject health education, as a multidisciplinary
but independent new school subject at the Finnish comprehensive
school. Health education, sports and human biology offer a
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special perspective from which to examine health and biologyrelated phenomena from the physics point of view (Framework
curriculum 2004, 178-180; 197-200; 245-248). This approach is
here referred to as the “human being context”.

Gender and Interest in Science
Traditionally there have been two major points of view from
which interest has been approached (e.g., Krapp, 2002). One is
interest as a characteristic of a person (individual interest or personal
interest) and the other is interest as a psychological state aroused
by specific characteristics of the learning environment (situational
interest). Personal interest is topic specific, persists over time, and
can be subdivided into latent and actualised interest (Schraw &
Lehman, 2001). Latent individual interest guides student’s
cognitive engagement. In addition, latent individual interest can
be further subdivided into feeling-related and value-related
components. According to Hidi (1990), personal interest develops
slowly and tends to have long-lasting effects on a person’s
knowledge and values. In contrast, situational interest is an
emotional state evoked suddenly by something in the immediate
environment and may have only a short term effect on an
individual’s knowledge and values. Situational interest is aroused
as a function of interestingness of the context. It is also
changeable and partially under the control of teachers (see Schraw
et al., 2001). However, personal and situational interests are not
dichotomous. Both types of interest concern object interaction.
Krapp (2002) has suggested that in certain conditions, situational
interest can transform into personal interest. According to him,
this ontogenetic transformation is a two-step mental process
where internalisation and identification have a central role.
The last few decades have seen attempts in western
countries to increase the number of girls in science, especially
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physics. In principle, there are two opportunities to design such
an intervention: focus on girls or focus on discipline. In the
former, the goal is to change girls: their behaviour, attitude, etc.
In the latter, the goal is to change teaching and learning,
educational policies, and social structures on the basis of research
or speculation on students’ interest in science (c.f. Biklen and
Pollard, 2001).
Despite the huge body of science education research into
gender differences, the meaning of gender is very rarely
explicated. Traditionally, there are two viewpoints: gender as
sexual difference, or gender as cultural construction. These
viewpoints have been used to explain why girls’ and boys’
behaviour, interest, attitude, and achievements differ. The sexual
difference explanation relies on biological differences such as
brains, genes, etc. The social construction explanation relies on
culture; in effect, the (social) environment creates boys and girls.
In recent Anglo-American gender research, gender as social
construction has been the dominant viewpoint. However, in
mathematics and science education research and intervention
projects, the implicit perspective has been gender as a sexual difference
(Biklen and Pollard, 2001; Gilbert, 2001; Gilbert & Calvert, 2003).
According to Gilbert and Calvert (2003), that perspective implies
that girls and boys are too often assumed to be homogeneous,
independent groups. In this view, there is something essentially
similar with all girls and something essentially similar with all
boys. This viewpoint hides within-group differences. Gilbert and
Calvert (2003) argued:
“Firstly, all women do not display equal levels of those
characteristics currently defined as being ‘feminine’ (and, similarly,
all men are not equally ‘masculine’). Following from this, there is
no necessary association between femininity and actual, individual
women (or masculinity and actual men)”

(Gilbert & Calvert, 2003, p. 863).
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“link all girls to ‘femininity’ and all boys (and science) with
‘masculinity’ and, consequently, to contribute to the re-construction
of science as being ’for’ man, as something which is unfeminine,
and therefore not ‘for’ women. Consequently, most young women
do no see themselves as being capable of science and are not
interested in it”

(Gilbert & Calvert, 2003, 865).
The message here is that interventions designed to break
stereotypical gender perspectives and increase equality between
boys and girls may, paradoxically, create stereotypical views of
gender roles, behaviour, achievements, and so on.
Gilbert and Calvert (2003) claimed that too often the
approach of researchers, interested in gender influence in science,
has been to increase equality between boys and girls by pointing
out why girls do not choose science. For us, it seems the gender
researchers’ goal is to show the masculinity of science,
emphasising structures of manpower, etc. Despite the implicit
gender concept, the science education researchers’ objective is
to clarify pupils’ interests. The objective seemed to be to find
approaches for the future, not to find the mistakes of the past.
Dawson (2000) found that boys are mostly interested in
mechanical topics, especially those with a dynamic component,
while girls prefer human biology (both anatomy and physiology)
and health. There is research-based evidence that boys are still
more interested in scientific topics, and in physics their interest
has increased. Girls’ interest in physics has remained constant
from 1980 to 1997, and girls’ interest in human biology has
waned.
Girls’ low interest towards physics led to intervention
projects where teaching was designed for girls. Hoffmann (2002)
summarised surveys conducted in Germany. She argued that girls
respond very sensitively to a change of context. She claimed
that girls expressed an interest in natural phenomena and
phenomena that could be perceived by the senses, references

62 K. JUUTI, J. LAVONEN, A. UITTO, R. BYMAN, AND V. MEISALO
to mankind, social involvement, and practical applications of
theoretical concepts. Other contexts of interest to girls were
technical devices with which one often comes into contact, and
natural laws that allow the calculation of exact quantities in
physics (Häussler & Hoffmann, 2002).
Gilbert and Calvert (2003) argued that these “physics for
girls” courses are an easy option, not a real science. Thus, the
knowledge and skills learned are not very important, in further
progress in scientific fields, such as studies at university. In
addition, perceived future relevance is the main predictor for
choosing physics in secondary school (Stokking, 2000).
One solution for this problem is to design a curriculum
that is based on topics that are relevant for further studies, like
medical school, and introduce topics in more interesting contexts.

Research questions
In this research, we focused on interest in physics in different
contexts where physical concepts are learned and applied. The
contexts were: ideal context, science and technology in society, technical
applications, human being, investigations, and technology, design and
construction. These were selected on the basis of the contexts
mentioned in the new Framework Curriculum (2004) and earlier
research (e.g. Hoffmann, 2002). The research questions for each
of these contexts are:
1) How interested are pupils in studying physics in this context?
2) How do boys’ and girls’ interests to study physics differ in this context?

To answer the research questions, we have analysed students’
responses on items of the survey that concern the physics domain
in that context. Further, we state a null hypothesis:
There are no differences between boys’ and girls’ interests
in the context.
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3. METHOD
Data gathering
We randomly chose 75 schools weighting them by the
number of students at Grade 9 level, from the list of Finnishspeaking comprehensive schools in Finland. In each of these
schools, about 65 students were asked to answer the survey, which
meant about 3 classes from each school. In one school there
were only 20 students, in two schools about 30 students, and in
two schools about 40 students. The overall effect of this stratified
sampling was that students were selected essentially randomly
from the whole age cohort across the country. In total, we selected
4954 pupils to participate in the survey, and 3626 pupils answered.
Based on international surveys like PISA and TIMSS
(OECD, 2001; Välijärvi et al., 2002.) we know that there are only
minor differences between students’ achievements in different
parts of Finland. Therefore, it is reasonable to discuss national
averages. The population of Finland can be classified as quite
homogeneous and “mono-cultural” compared with countries
with larger populations, several nationalities, and religions. In
Finland there is a relatively small number of immigrants.
The questionnaire was sent to the schools on March 27th,
2003, and the headmasters were asked to organise the survey
and return completed questionnaires by April 20th, 2003. The
national and international purposes of the survey were carefully
explained on the cover sheet. One of the purposes outlined was
how a new kind of in-service training could be organised by the
National Board of Education based on the information acquired
by the survey. The letter was signed by the Head of the
Department of Teacher Education and the Director of the
National Board of Education.
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Altogether, 26 reminders (37 % of the selected schools)
were sent by May 10th, 2003 to those headmasters who had not
returned the survey in time. The purpose of the survey was
explained once again, and they were asked to return the completed
questionnaires on May 25th 2003. The survey was answered by
3626 students in 61 schools, which corresponds to 73% of pupils
in 81% of the selected schools.

Questionnaire
Interest was measured by asking pupils, to rank their liking
for school subjects/content areas/contexts, or by Likert-scale
items (e.g., Science is fun, I like to know how radioactivity affects the
human body). The interest instrument ROSEFIN used in this study
was prepared to measure students’ personal interest in studying
physics in certain contexts. It was a Finnish-specific addition to
the large ROSE questionnaire (ROSE, 2004; Schreiner &
Sjøberg, 2004). The ROSE research project is an international
survey which collects data on pupils’ experiences, interests,
priorities, images and perceptions that are relevant to their
learning of science and technology and their attitude towards
science subjects (Sjøberg & Schreiner, 2002). We were
previously responsible for the Finnish national ROSE survey.
For the interest instrument, we chose items from the
international questionnaire and designed new items to measure
students’ interest in the subject contexts. We used a deductive
approach (like that used by Burisch, 1984) in constructing new
items for the ROSEFIN inventory. In the content validation
process, we evaluated the content of the inventory items to
ensure that they represented and covered intended context areas.
Numerous revisions were made after this evaluation until a
consensus about the item contents was obtained. The final
inventory included six context areas, with a total of 35 items.
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Each item was measured with a Likert-type scale, with
categories ranging from not interested to very interested. A Likert
scale with five response categories has a neutral middle point.
Sjøberg and Schreiner (2002) claim that based on their previous
experiences, it is too easy to choose the middle point, so the data
lack direction. The ROSE survey, and therefore the present
research, used only four response categories in order to force a
choice from respondents.

Operationalisation of the contexts
Context is defined here as “a situation or background where
curricular content is related”. In the questionnaire, pupils were
asked to state: “How interested are you in learning about the
following?” Below, the context questions and the related
Cronbach’s Alphas are reported in order to estimate the internal
consistency of the sum variable. Items in the questionnaire were
sorted by content (except those items common with ROSE,
which have been marked with an asterisk). Thus, there were items
concerning mechanics, or some other common topic, one after
another. In the following bulleted lists, items are sorted by context.
We followed three guidelines while designing items for the
interest instrument for the survey questionnaire, choosing as
many items as possible from the original ROSE questionnaire in
order to avoid expanding the number of items. The guidelines
were:
1) Items were designed so that in each context there were enough items
of each content area. The contexts were chosen on the basis of earlier
research findings, which observed the integrating themes (e.g.
technology and health/human biology).
2) The physics content of every item is relevant to topics of the new
national curriculum, thus each item concerns one of mechanics,
thermodynamics, electricity and magnetism, light and waves, or modern
physics (radiation).
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3) Based on our experience in science teaching, we ensured that the difficulty
level of every item was not too high to be taught at school level.

Ideal context
· Forces acting between the planets and the sun, and motion caused by
those forces
· Linear and circular motion caused by forces
· Warming and cooling, and solid/liquid/gas phase transformations
· Light and sound as wave phenomena, and reflection and refraction
of waves
· Electric and magnetic forces and phenomena (motion and balance)
caused by those forces
· Electrical circuit, how it works and what kind of components there
are
· Atoms and molecules*

Cronbach’s Alpha of the context was 0.88
Science and technology in society context
·
·
·
·
·
·
·

The use of satellites for communication and other purposes.*
Traffic safety (acceleration and braking)
How energy can be saved or used in a more effective way*
How different musical instruments produce different sounds*
How to use and repair everyday electrical and mechanical equipment*
How electricity has affected the development of our society*
How X-rays, ultrasound, etc. are used in medicine*

Cronbach’s Alpha of the context was 0.78
Technical applications context
·
·
·
·
·
·

How to find my way and navigate by stars.*
Forces acting in bridges, and building and planning of structures
How petrol and diesel engines work*
Optical instruments and how they work*
How cassette tapes, CDs and DVDs store and play music*
How a nuclear power plant functions*

Cronbach’s Alpha of the context was 0.79.
Human being context
·Forces acting in muscles when using them in sports
·Heart, blood pressure, and blood flow
·How radiation from solariums and the sun might affect the
skin*
·Influence of electric shock / electricity on muscles and the body
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·How radioactivity affects the human body*

Cronbach’s Alpha of the context was 0.70.
Investigation context
· Studying linear and circular motion and how they are caused by
different forces
· Measuring temperature and studying heat phenomena
· Studying light and sound phenomena
· Measuring voltage and electric current
· Measuring the radioactivity of a radioactive sample

Cronbach’s Alpha of the context was 0.80.
Technology, design, and constructing context
·
·
·
·
·

Making a mechanical toy, like a balancing object
Constructing a warming or cooling machine
Constructing an optical device like a camera or a telescope
Constructing an apparatus working with electric current
Constructing a radiation detector

Cronbach’s Alpha of the context was 0.79.

4. RESULTS
In addition to content, in order to learn about context, we
generated a sum variable as a measure of interest in a context.
The sum variable was the mean of a respondent’s context items
scores. Thus, the sum variable score is a measure of respondents’
interest in studying physics in the context. Figures 1 – 6 show
the total distributions of sum variable scores in the contexts. If
a respondent stated not interested for every item, he or she gave
the sum variable score 1, and if a respondent stated very interested
in every item, he or she gave the sum variable score 4. While
examining the figures, it should be noted that contexts were
operationalised by different numbers of questions.
To examine the null hypothesis, we used a two-tailed t
test at p < 0.05. As an additional check, we tested the power
of the difference using Cohen’s d. The d shows a meaningful
effect at d < 0.2, small effect at 0.2 ≤ d < 0.5, moderate effect
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at 0.5 ≤ d < 0.8, and large effect at d ≥ 0.8 (Cohen, 1977). For
this study, where we were looking for any effects, power should
be higher than d ≥ 0.2 to be meaningful.
Table 1 provides a summary of the main results. The data
showed that boys were most interested in the technological
application context and girls were most interested in the human
being context. According to the t-test, gender means were
significantly different on every context sum variable score. In
the d-test for power, the effect was greater than 0.2 on every
context sum variable score except the human being context. Thus,
we do not reject the null hypothesis comparing boys’ and girls’
sum variable score means in the human being context.
Consequently, we can answer the second research question:
“How do boys’ and girls’ interests to study physics differ in each
context?” In the technology application context, there was a large
difference between boys’ and girls’ group means. In the ideal
and the STS contexts there were moderate differences. In the
investigation and the design and technology contexts there were
small but significant effect sizes. The human being context was
the only one with no meaningful effect size in the difference
between the group means.
Table 1. Boys’ and girls’ group means, standard deviations, t-test values,
and effect sizes (Cohen’s d) of the context sum variable.
Context

Girls
Boys
Mg S.D.g Mb S.D.b
t
d
Ideal
1.72 0.61 2.20 0.69 -21.0*** -0.78c
STS
2.02 0.56 2.33 0.62 -14.9*** -0.55c
Technical applications
1.87 0.57 2.40 0.67 -26.4*** -0.99d
Human being
2.24 0.65 2.20 0.62 2.0* 0.07a
Investigation
1.97 0.65 2.15 0.67 -8.0*** -0.28b
Design and technology
1.86 0.62 2.17 0.70 -13.9*** -0.50b
***
Note. * Significance level p < 0.05
Significance level p < 0.001
a) no effect, b) small effect, c) moderate effect, d) large effect
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Figure 1. Distribution of sum variable scores measuring pupils’
interest in the ideal context.
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Figure 2. Distribution of sum variable scores measuring pupils’
interest in the science and technology in society context.
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Figure 3. Distribution of sum variable scores measuring pupils’ interest
in the technological applications context.
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Figure 4. Distribution of sum variable scores measuring pupils’
interest in the human being context.
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Figure 5. Distribution of sum variable scores measuring pupils’
interest in the investigation context.
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Figure 6. Distribution of sum variable scores measuring pupils’
interest in the science and technology in society context.
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4. DISCUSSION AND CONCLUSIONS
The main results of this research showed that between
boys’ and girls’ group means in the technological application
context there was a large effect and in the human being context
there was very little effect. However, the distributions showed
that between boys’ and girls’ scores in every context the overlap
was substantial. For girls, the most interesting context was human
being (mean 2.24) and the least interesting context was ideal
(mean 1.72). For boys, the most interesting context was technical
application (mean 2.40) and the least interesting context was
investigation (mean 2.15). Between contexts, the difference for
girls was about four fifths of their standard deviation and for
boys, the difference was only about two fifths of their standard
deviation.
These findings agree with Hoffmann’s (2002) German
survey. She emphasised that in Grade 10, only 20 % of girls and
60 % of boys found physics lessons interesting or very interesting.
She pointed out that girls responded very sensitively to a change
of context. In the technology context, the ratio between boys
and girls was at the same level. Over 50% of the boys found
physics in that context interesting or very interesting and about
17 % of girls found physics interesting or very interesting in the
technical application context. On the other hand, about 34 % of
girls and 31 % of boys found physics interesting or very
interesting in the human being context. The results of the present
study indicate that Finnish boys as well as girls responded quite
sensitively.
Surveys have been criticised as an unreliable source from
which to understand pupils’ interests (Osborne, 2003). On the
other hand, surveys yield hard data about the statistical
significance of the phenomena studied. In the present research,
the survey gave information about the power of the gender
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differences in a number of contexts and helped to evaluate the
significance of differences between boys’ and girls’ interests.
The present research has good external validity. The
sampling was conducted carefully and the sample is a reasonable
representation of the population. Cronbach’s Alpha was between
0.78 and 0.88 for each context item, showing a good level of
internal consistency as well.
On the other hand, within-group differences are also large,
as Gilbert and Calvert (2003) have argued. Therefore, our results
support the conclusion that a physics teacher has to take seriously
ideas of the theory of social construction explanation of gender
that explains how the environment makes boys and girls. At least,
teachers should be aware of how teaching might strengthen
gender stereotypes. Both genders must have equal opportunities
to become familiar with physics knowledge. Thus, equality could
mean teaching and studying these contents through the contexts
most likely to arouse pupils’ interests.
The results of this research can be used productively in
the development of school-level curricula based on the new
National Framework Curriculum. Moreover, the data will be
valuable for textbook authors, who have a lot of freedom in
choosing different approaches and especially contexts, for certain
content areas of physics, such as mechanics. Textbooks too
often show ideal “bodies” moving, warming up, or absorbing
radiation. It is better if phenomena can be connected to real
contexts in which students are interested. Our results suggest
that differences exist between boys’ and girls’ interests, and it
is possible to explain which contexts are interesting for both
genders. Both genders are about equally interested in the human
being context, and therefore physical concepts can be
approached from the point of view of living organisms, including
human beings. On the other hand, teachers have to be aware
that there are some contexts in which it may be challenging to
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arouse interest. Such a context is technological applications,
which appears to hold little interest for girls, but was the most
interesting for boys.
In order to make physics more interesting, an intervention
study could be done with 9th Grade pupils, relating physics to
human beings, because in this Grade they usually also have a
course in human biology in Finnish schools. The study would
need co-operation between the teachers in physics and biology
or health education.
Results indicate only small power in the difference between
girls’ and boys’ interest-score means in the investigation context.
Thus, choosing investigation objects carefully, investigations
could be easily related to the human being context. In order to
simultaneously link the boys’ preferred technology application
context and girls’ preferred human being context could be to
connect the two, such as the measurement of physiological
processes of the human body (such as breathing and heart rate)
with technical applications.
In Finland, the beginning of the 21st century is an interesting
time in the field of technology education. In the national
framework curriculum of 2005, the goals and content for
technology education have been described for first time, although
there is no subject ”Technology”. Technology education will be
taught integrated into several subjects, such as Educational
Handicraft (Handicraft or “Craft” for short), Physics, Chemistry,
Biology and Home Economics. The results of this study indicate
that the technology perspective is easy to integrate with physics.
Science and technology in society is the second most interesting
context after the human being context for both boys and girls.
The shape of technology education will be changed in the new
curriculum because it is defined as an integrating theme, and
related topics should be discussed within all school subjects. For
example, students can be taught, and have already shown interest
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in, how energy can be saved or used in more effective ways, or
how different musical instruments produce different sounds.
From the point of view of girls, subject knowledge in
technology is seldom discussed in the broad contexts often
popular with them, such as environmental, ecological, and social
perspectives. Consequently, this all determines the nature of
technological knowledge and processes that students learn.
The technological application context is problematic from
a gender equality point of view because mostly boys only are
interested in it. Boys like to know how technical applications
work but this kind of technical knowledge does not interest most
girls. Girls, however, like to know how to use these technical
applications in certain contexts. On the other hand, considering
future relevance, technical applications are in a core role in further
studies in schools of technology (vocational schools or
universities). Thus, it is important to find more approaches to
develop interests in technical applications for all students.
Everyone uses technical applications. Therefore, usability testing
and user-centred design could be possibilities in which to pursue
this angle.
Uitto et al. (2004) have reported that in their recent study
girls appeared to be more interested in environmental issues than
boys. Thus, to integrate physics in environmental issues context
could be a fruitful approach to show how interesting a subject
physics could be for instance in proving multidisciplinary
environmental knowledge and the role of technology in solving
environmental problems.
The results suggest that physics seems to be seen as a
rather uninteresting subject. None of the sum variable score
means was over 2.5, the middle point. Examining physics in
more detail, the technological application context showed the
highest difference in the interest score; it was about one girl
group’s standard deviation. At the same time, both groups, boys
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and girls, found physics equally interesting in the context of
human beings. It would be useful to conduct an intervention
study on students’ motivation and learning of physics in this
context, focusing, for example, on ergonomics or functioning
of the human body, and to compare the result with a control
group which receives conventional teaching.
Häussler and Hoffmann (2002) introduced an intervention
project based on the following principles: 1) providing
opportunities to marvel, 2) linking content to prior experiences,
3) providing first-hand experiences, 4) encouraging discussions
on social importance, 5) connecting physics with applications,
6) showing physics related to the human body, and 7)
demonstrating the benefit of treating physics quantitatively. The
result that physics is an uninteresting subject is alarming because
previous studies have revealed that personal interest is related
positively to learning, attention, and motivation. Although little
is known of how situational interest develops into a long-standing
personal interest, it seems self-evident that teachers must first
think how they can “catch” and “hold” situational interest during
their physics lessons. Schraw et al. (2001) have suggested six broad
strategies to do this: 1) offer meaningful choices to students, 2)
use well-organised texts, 3) select texts that are vivid, 4) use texts
that students know about, 5) encourage students to be active
learners, and 6) provide relevance cues for students. A number
of authors (e.g., Alexander & Jetton, 1996; Krapp, 2002) have
proposed that in certain conditions situational interest may
develop into a long-lasting topic-specific personal interest.
Unfortunately, very little is known yet about this developmental
process. The message of the present study is that to support
equal opportunities, we should provide physics teaching that
combines both the technological and human contexts.
* ROSE (The Relevance Of Science Education) is an international project with about 40
participating countries. ROSE is organized by Svein Sjoberg and Camilla Schreiner at The
University of Oslo and is supported by the Research Council of Norway. Reports and
details are available at http://www.ils.uio.no/forskning/rose/
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ABSTRACT

In this study, survey data on the environmental attitudes of Finnish pupils
were tested against the Hungerford and Volk (1990) model of environmental
education. Gender differences in environmental attitudes were also examined.
Pupils (N=3666, median age 15) from Finnish comprehensive schools
responded to a number of statements on environmental issues. The Likertscaled questionnaire data were analysed with explorative factor analysis. Four
factors were identified: 1) positive attitudes towards environmental responsibility (PER),
2) negative attitudes towards environmental responsibility (NER), 3) naturocentric attitudes
towards environmental values (NV), and 4) anthropocentric attitudes towards environmental
values (AV). There were high positive correlations between PER and NV, and
a similar relationship between NER and AV. These results support the model
of environmental education in that positive environmental attitudes and values
are linked with each other. In addition, rejection of environmental problems,
negative attitudes and anthropocentric values were closely correlated. PER
and NV appeared to be more related to an internal locus of control, while
NER and AV seemed closer to an external locus of control. Effect sizes
indicated moderate differences between boys and girls within the PER, NER
and AV factors, but in NV this difference was only small. Further research is
needed to clarify gender differences, especially why boys had more mixed
attitudes towards environmental values.
Keywords: Environmental attitudes, responsibility, values, locus of control,
factor analysis
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1 INTRODUCTION
The concept sustainable development has many definitions, but
the most commonly cited comes from Bruntland (1987), in a
report from the World Commission on Environment and
Development on Our Common Future: “Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their
own needs”. It contains four key dimensions: ecologically,
economically, socially and culturally sustainable development.
Despite the inviting simplicity of the idea, the work required for
viable sustainable development is demanding.
At the end of the 19th century, nature conservation was
understood as the preservation of untainted landscape and other
valuable areas of nature. In the 20th century, serious environmental problems such as pollution aroused much concern about
the relationship between humans and the environment. The
concept environmental education is young, but it has its roots in the
study of nature, conservation, and outdoor education. A great
need for widespread environmental education was mentioned in
the UNESCO Tbilisi Declaration (1978). Palmer and Neal (1994)
define environmental education as: 1) education about the
environment which builds awareness, understanding and the skills
necessary to obtain this understanding; 2) education in (or from)
the environment, where learning occurs in nature, outside of
the classroom; and 3) education for the environment, which has
as its goals in nature conservation and sustainable development.
According to Hines, Hungerford & Tomera (1986/87) and
Hungerford and Volk (1990) environmentally responsible behaviour
[for instance recycling as personal choice or political activism] is
gradually developed by 1) entry level variables, including the ability
to experience and enjoy nature (environmental sensitivity) and
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knowledge of ecology; 2) ownership variables, such as in-depth
knowledge and a personal investment in the environment; and
3) empowerment variables like internal locus of control and intention
and ability to act for the environment. In Finland, these models
have been adapted for the teaching of environmental education
(Cantell, 2003). In the Finnish comprehensive school
environmental education is an integrating theme within the
curriculum.
According to Fishbein and Ajzen (1975), attitude is learned
predisposition to respond in a consistently favourable or
unfavourable manner with respect to a given object. Attitude
creates action or behaviour that is generally consistent. Much
research has been conducted concerning beliefs, although there
seems to be no common use or definition of the concept of
belief (Tobin et al., 1994. p. 55). In this study, we identify beliefs
with an individual’s personal knowledge which is a compound
of the conclusions that an individual makes based on experience
and perceptions (Green, 1971). Beliefs can also be called one’s
stable subjective knowledge. Conceptions or conscious beliefs
are justified and accepted by an individual and they are regarded
as higher-order beliefs that emphasise cognitive elements. Some
researchers emphasise the affective (feeling) component of belief,
and consider it a kind of attitude. According to Pajares (1992),
beliefs form attitudes, which in turn become action agendas.
Spontaneous conceptions with strong affective elements are
called views. In the literature, use of the terms belief, conception,
view, and attitude varies depending on the discipline, perspective,
and researcher (Tobin et al., 1994; Pajares, 1992; Swain, Monk &
Johnson, 1999).
In this study, the conception of environment refers mostly to
the natural environment. Environmental attitude is defined as a
learned belief which develops from an individual’s knowledge
and values about the environment and governs action to support
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or sustain the environment. This attitude is evaluative in nature.
Environmental attitude has been conceptualised as to be
unidimensional, as in the first version of the NEP (New
Environmental Paradigm), developed by Dunlap and Van Liere
(1978), or multidimensional, composed of environmental
knowledge, values, and behaviour intention (e.g. Kaiser, Wölfing
& Fuhrer, 1999). This study used the concepts of anthropocentric
(human-centred) and naturocentric (nature-centred) attitudes
towards environmental values as defined by Vilkka (1997).
To improve environmental responsibility, environmental
education should focus on the personal locus of control, which can
be either external or internal (e.g. Hungerford & Volk, 1990;
Stern, 1992; Fransson & Gärling, 1999). External locus of control
refers to the belief that the power to cause changes in one’s own
personal life is outside the individual and that he or she cannot
do anything to affect it. Internal locus of control is the belief
that one’s own actions make difference.

Research questions
This study was conducted in connection with the
international ROSE* project, initiated and co-ordinated in
Norway (Schreiner and Sjøberg, 2004). This is a comparative
research project meaning to shed light on important factors in
science and technology education, especially how the
perceptions of students affect their learning. Environmental
attitudes are one aspect of this project. In our study, we wanted
to reflect the attitudes of Finnish pupils under the Hungerford
and Volk (1990) model of environmental education.
In his survey report, Järvinen (1995) found Finnish girls
aged 15 to 17 to have more positive attitudes towards
environmental responsibility than boys of the same age. The
same difference was found in Finnish adults by Haikonen and

A. UITTO, K. JUUTI, J. LAVONEN, AND V. MEISALO
84
Kiljunen (2003) in the survey data they collected between 1984
and 2002. We can therefore postulate our hypothesis, that the
environmental attitudes of girls are more positive than those of
boys.

2 METHODS
Data collection
The original ROSE questionnaire was carefully translated
into Finnish so that the meanings of the items in Finnish were
as close as possible to the original English. For this study, 75
lower secondary schools were selected by weighted random
sampling, which is 9.7% of all 777 lower secondary schools in
Finland that had at least 20 students in grades 7 to 9 or 7 students
in grade 9. The schools were weighted by the number of students
in grade 9. This approach meant essentially that the students
were selected at random from the whole age cohort. The typical
group size was 12 to 25 pupils. The median age of the pupils
was 15 years.
The questionnaire was sent to the schools in March 2003.
To facilitate the timely return of questionnaires, reminders were
sent to 26 (35%) of the selected schools in May. In ten schools,
5 to 20 questionnaires were returned (small schools), in six schools
21 – 40 questionnaires (small or middle size schools), and in the
rest (53 big schools) over 41 questionnaires. Altogether, 3666
pupils from 92% of the schools answered the survey.
There were 11 sections to the questionnaire, but this study
only used the answers to 22 statements which focused on
environmental attitudes and interest in the environmental issues.
Each item was measured using a Likert-type scale with four
alternatives: disagree and agree were at the extremes, while the two
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categories in the middle of the scale were unlabelled. The
format forced choices from respondents, as there was no neutral
middle point or a Do not know category. However, in the
introduction to each question, it was clearly stated that the
pupils may refrain from ticking any boxes if they cannot decide
on an answer.
The questionnaire contained 18 statements in a section
concerned with environmental issues. The following text
introduced students to the topic: “Environmental challenges and
me. To what extent do you agree with the following statements
about problems with the environment (pollution of air and water,
overuse of resources, global changes of the climate etc.)”. Four
additional items concerning environmental issues were also taken
into the analysis from other sections of the questionnaire. These
items are marked with B, G and H in Table 1.

Statistical analysis
International surveys like PISA (OECD, 2001) and TIMMS
(Välijärvi et al., 2002) indicate only minor differences between
students’ achievements in different parts of Finland. Thus, the
target population of this study was assumed to be rather
homogeneous as well.
The data was analysed using SPSS 11 statistical software.
Coding for SPSS files was done by automatically scanning the
completed questionnaire forms. An explorative factor analysis
(EFA) was used to identify the latent variables describing basic
environmental attitudes. The extraction method used was
maximum likelihood with Promax rotation (kappa =4). The
Kaiser-Meyer-Olkin Measure of sampling adequacy was 0.871
and in the Bartlett’s test of sphericity the pproximate chi-square
was 14147, df = 231, p <0.000) which indicate that the data
were adequate for EFA analysis. Boys’ and girls’ scores were
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compared using an independent samples t-test. The strength of
the statistical difference was also analysed by calculating the
effect size (d) for the groups (Cohen 1988), because it is
independent of sample size: d is the difference between the
means, divided by standard deviation of either group.

3 RESULTS
The EFA solution with 22 variables explained 46% of the
variance, and the rotated solution accounted for 34%. The first
factor explained 19%, the second 8%, the third 5%, and the
fourth 3% of variance. The first two factors pointed to attitudes
towards environmental responsibility and the second two suggested
attitudes towards environmental values (Table 1, Figure 1).
Due to the items on the questionnaire, the factors describing
attitudes towards environmental responsibility were dichotomous
(first factor positive, second factor negative). The first factor
was called positive attitudes towards environmental responsibility (PER)
and the second negative attitudes towards environmental responsibility
(NER), which included ignorance of environmental problems.
The third and fourth factors were labelled naturocentric and
anthropocentric attitudes towards nature and environmental values
(NV and AV), modified from the conceptions defined by Vilkka
(1997). All factors, excepting the fourth showed adequate
reliability (Cronbach’s alpha) due to the large sample size.
Multidimensionality may have affected the reliability of the fourth
factor.
The PER and NV factors correlated positively with each
other, as well as the NER and AV factors (Table 2). There was a
significant negative correlation between the PER and NER
factors, which is logical because they represent opposite attitudes.
There was similar negative correlation between the NV and AV
factors, which are conceptual opposites of each other. NER
correlated significantly with AV (Table 2).
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Table 1. Results of the EFA analysis. Variable loadings smaller than
0.25 are not included.
Item
D6. I can personally influence what
happens with the environment
D7. We can still find solutions to
our environmental problems
D12. I think each of us can make a
significant contribution to
environmental protection
D14. I am optimistic about the
future
D10. People should care more
about protection of the
environment
D5. I am willing to have
environmental problems solved
even if this means sacrificing many
goods
H24. sorted garbage for recycling or
for appropriate disposal
D2. Environmental problems make
the future of the world look bleak
and hopeless
D8. People worry too much about
environmental problems
D3. Environmental problems are
exaggerate
D1. Threats to the environment are
not my business
D9. Environmental problems can
be solved without big changes in
our way of living
D13. Environmental problems
should be left to the experts

1

2

3

0.835
0.676
0.644

0.564 0.291
0.413 -0.263

0.369

0.263

0.293
0.259

0.250

0.715
0.653
0.533
0.502

0.497

4
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Table 1 continues
Item
D17. Nearly all human activity is
damaging for the environment
D18. The natural world is sacred
and should be left in peace
D15. Animals should have the same
right to life as people
D11. It is the responsibility of the
rich countries to solve the
environmental problems of the
world
G10. Science and technology are the
cause of the environmental
problems
B4. Working in the area of
environmental protection
D16. It is right to use animals in
medical experiments if this can save
human lives
D4. Science and technology can
solve all environmental problems
G6. The benefits of science are
greater than the harmful effects it
could have
95 % confidence limits for
Cronbach’s alpha

1

2

3

4

0.641
0.514
0.492 -0.300
0.440 0.347

0.357

0.346
0.518

0.284

0.435
0.395

0.76
0.79

0.55
0.60

0.64
0.68

0.44
0.50
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-0.158**

3. Naturocentric
attitudes towards
environmental
values (NV)

Table 2. Pearson’s two-tailed correlations between different attitude factors
( p<0.01)
1. Positive attitudes 2. Negative attitudes
towards
towards
environmental
environmental
responsibility
responsibility (NER)
(PER)
-0.562**
2. Negative attitudes
towards environmental
responsibility (NER)
0.642**
-0.379**
3. Naturocentric
attitudes towards
environmental values
(NV)
-0.025
0.415**
4. Anthropocentric
attitudes towards
environmental values
(AV)
** Correlation is significant at the 0.01 level (2-tailed).
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Figure 1. Distribution of factor scores measuring boys’ and girls’ attitudes towards
environmental responsibility (A-B) and environmental values (C-D).
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Attitudes towards environmental responsibility
The first factor describing positive attitudes towards
environmental responsibility (PER) included items which
suggested that environmental problems are real. It also contained
several positive environmental responsibility items. However, it
showed that pupils were optimistic about their own future but
concerned about the future of the environment (Table 1, Table
3). There were also items measuring environmental-action
intention (D5) or active environmental behaviour (H12).
Six positive statements concerning positive attitudes towards
environmental responsibility have been rearranged according to
locus of control; moving from personal responsibility towards
more distant position to environmental challenges (cf.
Hungerford & Volk, 1990; Stern, 1992) (Figure 2). The statement
of the item in Figure 2A “I am willing to have environmental problems
solved even if this means sacrificing many goods” represents the strongest
personally responsible statement for the environment (cf. Palmer and Neal, 1994) and internal locus of control. About half
of the pupils agreed, and half disagreed, but more girls than
boys agreed with the statement. The responses to other
statements (Figures 2B-2E) were more towards the agree end of
the scale, and the focus of responsibility moved from the
empowered “self ” through the able “we” to a general conditional
responsibility statement of “each of us” and “people”, until it
reached most external locus of control (Figure 2 E-F). Again,
girls leaned more than boys towards an agree response. However,
the pattern of girls’ and boys’ responses became different for
the statement on the responsibility of rich countries to solve
environmental problems. Girls mostly disagreed, but the
responses of boys were more evenly distributed (Figure 2F).
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Table 3. Comparisons of girls’ and boys’ responses on different items on
environmental challenges and calculated environmental attitude factor scores.
N = number of cases, M = mean, SD = standard deviation, d = effect
size: 0.2 = small, 0.5 =moderate, 0.8 =large effect. For statements; see table
1. The highest values, responding moderate effect, are bold.
Girls

Boys

Statement
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17
D18
B4
G6
G10
H24

N
1770
1769
1761
1739
1764
1771
1760
1757
1764
1762
1757
1757
1753
1734
1747
1757
1762
1768
1766
1733
1726
1742

M
1,60
3,12
1,81
2,01
2,86
3,28
3,33
1,52
2,06
3,31
2,16
3,19
2,07
2,80
2,58
2,13
2,23
2,86
2,19
2,35
2,29
2,67

SD
0,81
0,86
0,79
0,75
0,88
0,81
0,75
0,73
0,84
0,78
0,87
0,82
0,82
0,82
0,96
1,01
0,84
0,87
0,91
0,77
0,79
1,00

N
1791
1780
1769
1761
1788
1782
1776
1774
1775
1775
1769
1780
1774
1768
1772
1767
1781
1773
1792
1776
1769
1777

M
2,08
2,83
2,20
2,52
2,47
2,76
3,02
1,97
2,38
2,86
2,51
2,70
2,45
2,66
2,14
2,69
2,16
2,51
1,93
2,68
2,31
2,31

SD
1,00
0,94
0,90
0,90
0,92
0,93
0,89
0,89
0,91
0,88
0,94
0,90
0,91
0,87
0,95
1,04
0,90
0,94
0,88
0,87
0,90
0,96

d
0,48
-0,32
0,43
0,57
-0,42
-0,57
-0,35
0,51
0,35
-0,52
0,37
-0,55
0,41
-0,16
-0,46
0,54
-0,07
-0,38
-0,29
0,38
0,02
-0,37

PER factor
NER factor
NV factor
AV factor

1459
1459
1459
1459

0,451
-0,221
0,322
-0,185

0,807
0,787
0,799
0,651

1506
1506
1506
1506

-0,190
0,456
-0,067
0,426

0,915
0,870
0,878
0,796

-0,70
0,78
-0,44
0,77
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Figure 2 A - F. Pupils’ responses to the statements of environmental
challenges rearranged according to the locus of control in environmental
responsibility. The numbers in parentheses indicate the order in the
questionnaire. Light grey = girls (N = 1776),
dark grey = boys (N = 1795).
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The second factor described negative attitudes towards
environmental responsibility (NER) and included items in which
the threat of environmental problems is ignored, neglected (Table
1, Figure 1). The factor also included items which take distance
to environmental challenges. The problems are thought to belong
to the experts rather than the individual, and science and
technology were seen as solutions to all problems. Thus, items
comprising the NER factor indicate an external locus of control.
94

Attitudes towards environmental values
The third and fourth factors described attitudes towards
environmental values, weighted by attitudes towards the value
of nature (Table 1, Table 3, Figure 1C and 1D). The naturocentric
(NV) factor was composed of items that emphasised the concept
of the sanctity of nature and that humans generally have a rather
destructive impact on the environment. The items also
emphasised animal rights and was sceptical about the ability of
science and technology to solve environmental problems and
even suggested that they might cause environmental problems
themselves. As environmental action intention, this attitude factor
included an item (variable B4)emphasising readiness to work in
the area of environmental protection in the future.
The anthropocentric (AV) factor revealed a utilitarian and,
rational attitude towards the value of natural environment. It
contained items in which animal rights were neglected and the
use of animals in medical experiments were allowed if it could
save human lives. This factor did not reveal attitudes towards
environmental problems themselves. It suggested that problems
do not belong to oneself, but to, rich countries, indicating an
external locus of control.
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Differences between boys and girls
Independent samples t-tests revealed a statistically
significant difference between boys’ and girls’ responses to all
statements (p < 0.001). However, the effect size was moderate
(d ≥ 0.5 < 0.8) for statements 4, 6, 8. 10, 12 and 16, concerning
environmental responsibility and animal rights (Table 3, for
statements see Table 1). Girls’ scores in the PER and NV factors
were also significantly higher than those of boys’. As for the
NER and AV factors, boys’ scores were higher (Table 3, Figure
1). The effect size of factor scores indicated that the difference
was moderate for PER, NER and AV scores while the NV factor
score showed only a small the difference (Table 3).

4 DISCUSSION AND CONCLUSIONS
Multidimensional nature of environmental attitudes
According to Hungerford and Volk (1990), environmental
education enhances major and minor variables that gradually
produce responsible citizenship behaviour. The results of this
study indicate that naturocentric values and positive attitudes
towards environmental responsibility are linked with each other.
Thus, the former would represent ‘entry level variables’ and the
latter ‘ownership variables’ in the H&V model. The results also
indicate that negative attitudes towards environmental
responsibility and anthropocentric attitudes are linked with each
other, which indirectly support the model as well.
The questionnaire items were composed mostly of items
that measured attitudes towards environmental responsibility and
values, thus this study cannot point to many empowerment
variables or those indicating factual environmentally responsible
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behaviour. However, the statements “Working in the area of
environmental protection” within the NV-factor and”Sorted garbage
for recycling or for appropriate disposal” in PER-factor would indicate
intention to environmentally responsible behaviour in
‘empowerment variables’ and ‘responsible citizenship behaviour’
of the H&V model.
However, the goals of environmental education are not
reached in the target group since a considerable number of pupils
had negative attitudes towards responsibility for the environment.
They deny or dismiss the existence of environmental problems
and think that the challenges are exaggerated. Consequently, their
locus of control is more external than internal and they do not
see any need for personally responsible behaviour. This agrees
with former studies on the importance of the internal locus of
control in developing environmental responsibility (e.g.
Hungerford and Volk, 1990; Stern, 1992; Fransson & Gärling,
1999). In addition, many studies show only a weak or non-existent
link between attitude and behaviour, which is explained as a freerider mentality (Uusitalo, 1990). For example, Järvinen (1995)
found that Finnish young people aged 15 to 17 willing to work
for a better environment only as long as it did not affect their
own standard of living. Thus, environmental concern does not directly
predict environmentally responsible behaviour.
Because attitudes and values often agree, these factors are
likely to correlate with each other, as positive attitudes towards
environmental responsibility correlated with naturocentric
attitudes. In their study Kaiser, Wölfing and Fuhrer (1999) found
that environmental knowledge, environmental values and
intention of ecological action behaviour to be the three main
factors predicting actual ecological behaviour of adult people.
The results of our support the H &V model in such a way that
once they appear, the components (entry level, ownership and
empowerment variables) are likely to remain. In addition to
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ecological knowledge and environmental sensitivity, it is
important to arouse ethical considerations for environmental
values, which may help to reach at least ownership level for
teenagers. According to Kaiser & Shimosa (1999), it is moral
rather than conventional responsibility that predicts person’s
ecological behaviour. Fransson & Gärling (1999) suggest that
knowledge, internal locus of control, personal responsibility and
perceived threats to personal health to be the main factors
affecting environmentally responsible behaviour.
The results support the view that environmental behaviour
cannot be predicted by a unidimensional measure of attitudes
(Kaiser, Wölfing & Fuhrer, 1999). EFA found two main attitude
dimensions towards environmental responsibility and two
towards environmental values. Each of these may be divided
further. Some items of naturocentric attitude factor are related to
biocentric, ecocentric and zoocentric attitudes towards the nature as
defined by Vilkka (1997). The anthropocentric attitude factor was
also multidimensional, emphasising the role of science and
technology in solving environmental problems. Following on
from this, some items of this attitude factor could also be named
technocentric (Vilkka, 1997).

Knowledge and values in environmental education
An example of an environmental challenge is global
warming. There has been some controversy over its existence.
Thus, pupils having negative attitudes towards environmental
responsibility might be critical towards the diverse information
(scientific and non-scientific) on environmental challenges. It can
also be rather difficult to understand the risks of complex
environmental phenomena. However, environmental values such
as anthropocentricity and ecocentricity are likely to affect more
strongly pupils’ attitudes than pure knowledge on environmental
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challenges. As Hungerford and Volk (1990) remarked,
environmental sensitivity is important to help enhance positive
environmental values. To develop self-responsibility, it is
important own internal locus of control, the feeling of
competence in the ability to personally affect one’s own life and
surroundings.
Positive attitudes towards environmental responsibility
included suspicion about science and technology in general,
although the existence of environmental problems was accepted.
This may indicate an understanding that the origin of problems
is social, cultural and economic in nature. For naturocentricity,
science and technology often represent utilitarianism and even
the cause of environmental problems. Thus, attitudes towards
science and technology and environmental attitudes may conflict.
The relationship between these attitudes would be an interesting
subject for a new study.

Differences between boys and girls
The results of this study support the hypothesis that there
are differences between the factor scores describing boys’ and
girls’ attitudes towards environmental responsibility. The factor
scores describing girls’ attitudes towards environmental
responsibility were higher than those of boys, while the girls’
scores describing negative attitudes were lower than those of
the boys. The results support the survey report of Järvinen (1995)
that Finnish young people aged 15 to 17 have environmentally
dichotomous attitudes, girls having more positive attitudes
towards environmental responsibility than boys. When compared
to the survey report of Haikonen and Kiljunen (2003), which
examined the environmental attitudes of Finnish adult men and
women, possibly parents of the surveyed teenagers, the result
was the same. This trend has been found also in Sweden,
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Germany, USA and Japan (Eisner, Eisner & Yoshida, 2003). In
that study, males demonstrated better environmental knowledge,
whereas females showed higher motivation for ecological thinking
and behaviour.
Despite of the significant and meaningful gender difference
in the PER and NER score distributions, one should beware of
misinterpreting that all girls had somewhat positive and all boys
negative environmental attitudes. For instance, in 37% of boys
the PER-factor scores, and in 32% of girls the NER-factor scores,
were above the group mean. Unless boys had higher scores in
the AV-factor, the effect size indicates that NV-factor
(naturocentricity) was rather alike in both genders (Figure 1).
The reason for this must be partially overlapping attitude score
distributions, so that both the NV and AV factor scores of the
same pupils were above the mean. Overlapping NV and AV
attitudes were found in 15% of girls while in boys this percentage
was as high as 26%. This can be named as a sign of ‘ecological
humanism’, which claims the rights of people, animals, and nature
are the same (Vilkka, 1997). An interesting direction for future
research would be an investigation into why this mixed attitude
was more common in boys.
Further research by the ROSE project partners would reveal
new information on environmental attitudes in different
countries.
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ABSTRACT
At high school and lower level education, using exact formalism in definitions and
proofs is usually avoided on mathematics courses. Many students consider mathematical
proofs as tricks and, indeed, as they develop fear of the whole subject, rigorous
mathematical reasoning remains an everlasting secret to most of them. In this study,
we examine if the use of a special paradigm and notation called structured derivation
can improve high-school students’ understanding of mathematical reasoning and
problem solving. The method is theoretically well founded and more rigorous and
exact than the traditional methods used in high-school mathematics, and it contributes
not only to the preciseness of expression but also to more systematic and
straightforward presentation of mathematical reasoning. Furthermore, this method
allows mathematical expressions and derivations to be considered on various abstraction
levels according to teacher’s desires and students’ skills. The use of structured
derivations in mathematics teaching has been examined and tested at a Finnish High
School in Turku on the compulsory courses in advanced mathematics since autumn
2001. The study is done with two groups at the same entry level using the new method
in teaching the test group and traditional methods with the control group. We are also
interested in comparing advantages and disadvantages of the method with groups at
different entry levels. The project is still in progress but the preliminary results are
very encouraging, suggesting that this method can improve the performance of high
school students and, moreover, deepen their learning on mathematical thinking.

Key Words: high-school mathematics, structured derivation
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1. INTRODUCTION
According to the current high school level curriculum issued
by the Finnish National Board of Education in 1994, the aims
of mathematics studies are, among other things, that students
learn to understand and use mathematical language, follow the
presentation of mathematical information, argue about
mathematics, read mathematical text and appreciate the exactness
and clarity in presentations. Furthermore the aims are that the
students are able to handle information in the way characteristic
to mathematics, get used to make assumptions, examine their
correctness, write exact justifications and learn to evaluate the
validity of the justifications and generalization of the results
(Opetushallitus, 1994).
The new curriculum, which will be taken into use in the
year 2005, emphasizes besides the above the evaluation of
students’ skills focusing to basic mathematic skills to the selection
of appropriate method and to the justification of exact
conclusions. Learning to see the mathematical information as a
logical structure has been added to the teaching aims (Opetushallitus, 2003).
Good success in mathematics does not necessarily imply
the understanding of high-level mathematical notions and
operations. Several students learn to use ad-hoc methods for
solving different kinds of exercises without understanding the
real meaning of the procedure they have applied. (Artigue, 1991;
Tall, 1991) Students and also many teachers prefer shallow
strategies leading to fast development of mechanic mathematic
skills but overlook entirely deeper examination of mathematical
structures and abstract notions (Repo, 1996).
The students consider the exact and logical justification of
reasoning needed especially in proofs and problem solving
exercises difficult. Often students study the exercise only by
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following some previously shown solution without designing their
own justified chains of reasoning. A solution typically involves a
number of interrelated formulae or expressions, but the
relationships are not made explicit.
In advanced mathematics, it is very important for the student
to take the step from general explanations to formal proofs. The
student should understand the role and the significance of proofs
and their structure. The proofs should be direct and
straightforward, and structured in such a way that it becomes
clear what is going on at any given time (Tall, 1991). According
to Hanna (1991), the formalism should not be seen as a side
issue but as an important tool for clarification, validation and
understanding. When there is a need for justification and when
this need can be met with an appropriate degree of rigour,
learning will be greatly enhanced.
Thus it seems obvious, that we need new kind of approaches
to encourage and facilitate students to do rigorous reasoning
and use exact notation also in those fields of mathematics they
consider difficult, such as mathematical proving and problem
solving. Our aim is to get the students to be explicit about what
strategies and rules are used, which order, and why.
A proof of a theorem should provide evidence for belief
in the validity of the theorem consisting of facts and explanations
of how the facts interact. A good presentation of a proof should
clearly explain the facts and how they are combined. It should
also make the proof appear so obvious that the reader can see
how it was developed, can explain it to others, and perhaps can
prove other similar theorems himself. Mathematics and rigorous
thinking can be taught by first teaching the design of proofs
using a formal logic (Gries & Schneider, 1995).
In practise, logical notation is used very seldom in high
school mathematics. According to the new curriculum, logic,
quantifiers, and the training of proving principles come along
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only on the optional advanced courses following the compulsory
courses. In the compulsory courses, however, it could be better
to use logic as a tool rather than an object of study. In this way,
using logic could be supported already before the optional courses
according to the aims of The Finnish National Board of
Education. Structured derivation, which is an extension on the
calculational proof style written with logical notation, could be
used in high-school mathematics to facilitate the students to write
the justifications of the solutions. In the next chapters we shall
first consider what the structured derivation is about. Then we
shall describe our experiment in using them in the compulsory
courses on high-school mathematics, and finally present our
results and conclusions.

2. METHOD
2.1. Structured derivations
Dijkstra and Scholten (1990) introduce the calculational
proof format in their book Predicate Calculus and Program Semantics.
They begin by making the observation that a great many proofs
can be described as a series of transformations. Inspired by the
clarity and the readability of the format, calculational paradigm
for manipulating mathematical expressions emerged. It has been
attributed to W. Feijen, and described in detail by van Gasteren
(1990). According to the paradigm, mathematical expressions
are transformed step by step from the initial expression to a
solution. Each new version of the expression is written on a
new line and between the two lines is written a symbol denoting
the relationship between the expressions together with a
justification for the validity of the step. Gries and Schneider
(1993) have used the calculational proof style in their book A
Logical Approach to Discrete Math, and their experiences in teaching
this way have been positive (Gries & Schneider, 1995).
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Structured derivations are based on the calculational proof
paradigm and they are developed originally for the formal
refinement of computer programs and reasoning about their
correctness (Back & von Wright, 1998). Based on their work
with program specifications, Back and von Wright have developed
further the idea of structured derivations. They extended the
method with the possibility of connecting subderivations to long
and complicated solutions. This method can be used in highschool mathematics as a way of writing solutions to typical
problems (Back, Grundy & von Wright, 1996; Back & von
Wright, 1999). Furthermore, when solutions are very long,
subderivations can be hidden and replaced with a link giving
more detailed view of the partial solution.
108

2.2. Expressions and proofs
The first high school course in advanced mathematics
(Function and Equations 1) contains basic algebra, calculus, and
some function theory. A major part of the course content has
been taught in the comprehensive school and so, according to
our experiences, the students are eager to learn something new.
Therefore, the beginning of this course is a very suitable time to
teach the foundations of logic needed for using structured
derivations.
Following the proposed method, solutions to typical
expression reduction problems are written so that the new version of an expression is written on a new line and between the
lines is written a semi-formal justification for the step. With
subderivations, auxiliary details can be added to the solution in
an organized way. The idea of subderivations is especially suitable
for presentation in hypertext format with a web browser, because
the hierarchical nature of structured derivations can be shown
or hidden dynamically at will. Thus, problem solving is seen as a
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rather formal and incremental transformation with well-defined
steps from the initial problem description to a final irreducible
statement yielding the solution. With this, the solving of a
problem forms a logical whole, where every step of the reasoning
can be shown true and justified. The method has a natural and
solid relation to proofs and mathematical problem solving as
well as the use of abstractions. In fact, using this method, problem
solving can be seen as proving and the solution as a proof.
Concise and exact expression has been prevalent in
mathematics already during decades. This frugality of
presentation culminates in the matriculation examination, where
the lack of students’ argumentation skills has repeatedly been a
major concern. Attaching a short verbal justification to each
transformation step, it becomes easier for students to understand
and write rigorous solutions themselves.
Verbal description and commentary of a mathematical
concept is an important part of the construction process, where
the student has to consider the characteristics on the concept,
and to reflect and analyse her mathematical thinking (Joutsenlahti, 2003). This commentary can be shortened by omitting
basic facts as they become familiar and well enough learned.
In the following examples we see what kind of things have
been taught to the students. The students are taught the logical
equivalence (Example 1.), the set of truth-values (Example 2.),
logical connectives and how to simplify logical expressions (rules
of de Morgan) (Example 3.).
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(a)

3x - 4 = 8
3x = 12
x=4

|+4
|:3

(b)

3x - 4 = 8
{add 4 to both sides}
3x = 12
{divide both sides by 3}
x=4

Example 1. Solution of a linear equation written in the traditional
way (a) and in the calculational style (b)

(a)

3x – 4 = 3x
{subtract 3x from both sides}
-4 = 0
{unequal numbers}
F

(b)

3x = x + 2(x - 1) + 2
{simplify right-hand side}
3x = 3x
{equality is reflexive}
T

Example 2. Two examples of logical truth and falsity
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Subderivations are presented precisely where they are
needed. We can do so by visually subordinating them through
indentation and by marking their beginning with the symbol ‘•’
and end with ‘…’.

(x-1)/(x2-1) is defined
{definedness of rational expressions}
x2 – 1 ≠ 0
{switch to logical notation}
¬( x2-1= 0)
{solve x2-1= 0}
• x2-1= 0
{factorization rule}
(x - 1)(x + 1) = 0
{rule for zero product}
x = -1 ∨ x = 1
… ¬(x = -1 ∨ x = 1)
{de Morgan rules}
¬(x = -1) ∧ ¬(x = 1)
{change notation}
x ≠ -1 ∧ x ≠ 1
Example 3. Using connectives and simplifying the expression. For
what values of x is the expression (x-1)/(x2-1) defined?
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2.3. Teaching experiment
The method has been studied and tested in Kupittaa High
School, in Turku since August 2001 (Kavander et al 2001). This
autumn the third group of students began studying mathematics
using the method. Every year before the studies, all the new
students who have chosen advanced mathematics, answer to an
attitude enquiry. They also do an exam which tells us their
mathematical skills and after that they are divided into three
groups: the test group, the control group and the group, which
does not participate the research. To the test groups we have
Table1. Test and control groups
Group
Test group 01
Test group 02
Test group 03
Total.

N
25
28
21
74

Group
Control group 01
Control group 02
Control group 03

N
24
23
26
73

selected students interested in computer science, because we
believe that the structured derivation method will turn out useful
later when studying discrete mathematics and computer science.
We have tried to select students to the test and control groups so
that they are as much as possible on the same entry level according
to the comprehensive school leaving certificate and the
mathematical skills tested in our exam. Groups are named with
the number of the year they began their high-school studies.
(Table 1)
The method of structured derivations has been used when
teaching new basic theory both on the board and with the
computer. Subderivations consist of detailed solution on the
part of the problem. When teacher is using computer and
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browser, subderivations can be hidden or shown with a link
depending on how detailed solution students want to see for
instance when checking their homework.
As an example of applying the method on the courses in
detail, solving an inequality, is first shown in fully expanded
form (a) as written on the board and then in the form (b) with
hidden subderivations.
In the beginning of the study, autumn 2001, on the first
two courses textbook was not in use but the teacher made the
primary study material while the control group used normal
mathematics course book. Both groups use the same exercise
book related to the course book. The importance of a ”real”
printed textbook appeared in the students’ feedback and since
that they have had it in use besides the teacher’s material.
However, the teaching goes ahead with structured derivation
method and not according to the textbook.
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(a)

| x-3 | ≥ 2x
{property of absolute values}
(x-3 ≥ 2x ∨ x-3 ≤ -2x)
{solve the inequalities}

• x-3 ≥ 2x

{add 3 to both sides of the inequality}
x ≥ 2x+3
{subtract 2x from both sides of the inequality}
-x ≥ 3
{multiply both sides with -1}
x ≤ -3

• x-3 ≤ -2x

{add 3 to both sides of the inequality}
x ≤ -2x+3
{add 2x to both sides of the inequality}
3x ≤ +3
{divide both sides with 3}
x≤1
… x ≤ -3 ∨ x ≤ 1
{simplify}
x≤1

Example 4(a). Solving the inequality |x-3| ≥ 2x.

STRUCTURED DERIVATIONS

115

| x-3 | ≥ 2x
{property of absolute values}
(x-3 ≥ 2x ∨ x-3 ≤ -2x)
{solve the inequalities}
… x ≤ -3 ∨ x ≤ 1
{simplify}
x≤1

(b)

Example 4(b). Solving the inequality | x-3 | ≥ 2x.

3. RESULTS
The results of the test groups have been compared with
those of the control groups using common course, repeating,
and raising examinations after every course. Grading principles
have been exactly the same during the study (Table 2., Figure1.
and Figure2.). Some of the students in test groups have not
wanted to use logic and structured derivations when solving
the problems in exams. The results of these students have been
compared with those in the test group using the method and
with those who are taught with the traditional way.
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Table 2. Means of the grades in mathematics in comprehensive school
leaving certificates and means of grades of the first mathematics course at
high school level and the differences between test and control groups
comprehensive school
test
control difference
group group
9.67
8.95
0.72
9.32
8.52
0.80
8.86
8.31
0.55
9.30
8.57
0.73

beginning
year
2001
2002
2003
all

high-school
test
control difference
group group
6.96
1.72
6.04
2.39
6.12
1.36
6.37
1.87

8.68
8.43
7.48
8.24

10,00

mean of the grades

9,00

8,00

test group 01

7,00

control group 01

6,00

5,00

4,00
1

2

3

4

5

6

7

8

9

10

compulsory courses

Figure 1. Means of course grades of all ten compulsory courses in
advanced mathematics in test group (N=25) and in control group
(N=24) containing students having started high-school studies year 2001
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mean of the grades

10,00
9,00
8,00
test group 02

7,00

control group 02

6,00
5,00
4,00
1

2

3

4

5

compulsory courses

Figure 2. Means of course grades of the first five compulsory courses in
advanced mathematics in test group (N=28) and in control group
(N=23) containing students having started high-school studies year 2002

4. DISCUSSIONS AND CONCLUSIONS
Since the study began autumn 2001, the test groups have
had the same teacher all the time. The control groups had two
years the same teacher, however different from the test group.
Now the control groups have a new teacher.
The use of the method on the geometry course has been
quite low, because combining pictures to structured derivations
does not yet work satisfactorily. Proving is taught for the first
time on geometry course and the using of the method is very
suitable for the proofs related to congruence theorems (Back et
al, 2002). According to our experience, however, students have
negative attitude towards problems where proving skills are
required. In the exam, they typically don’t solve this kind of
problems as they have a chance to choose eight problems out of
ten. So the results of using the method are fine on the first two
courses while on the geometry course, the effect was negligible
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as the method was hardly used at all. An interesting open
question remains, whether the results would have improved
also on the geometry course had the method been more
extensively used.
According to the results we have got until now, the success
of students taught with structured derivation method has been
better as that of those taught in the traditional way. (Figure 1.
and Figure 2.) It seems that the most talented students get the
greatest advantage of the method. Their solutions in the exams
have been clear and they seem to understand that they can’t go
on solving the problem if they can’t justify why the next step is
right.
At first, the students were disappointed with the new
method, because they felt that they were forced to write auxiliary
text when solving the exercises. The use of logic, on the other
hand, has not been a burden, but especially in solving inequalities,
logic proved out to be a very effective tool. The use of logic has
cleared the students’ solutions and unified their structure. Also,
using this method makes it easier for the students to follow the
teaching process. The most important difficulties experienced
have been related to the hasty course schedules, too few examples
can be shown on the web. In its original form, the structured
derivations method has been considered too complicated for
high-school students and therefore, we have continuously
simplified and revised the notation during the experiment for
better suitability to high-school level. As the main objective, we
have considered the high-school student’s capability of following
the process of her own mathematical thinking and getting
convinced of the logic and correctness of her solution.
The time spent in correcting exams was remarkably
diminished, because it was easy to notice immediately where the
student lost the idea of the solution. This kind of verbalization
of thinking also gives better chance to the teacher to evaluate
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the thinking process and the correctness of used notions. Only
a sequence of mathematical expressions on a paper or on a
blackboard doesn’t necessarily tell the onlooker the principle
of the solution and the justifications of the decisions made.
There were a few students whose answers were somewhat
confusing, but even they were quite understandable. It became
clear that if a student can’t write his thoughts on the paper then
his answers are not correct either. While doing an exam, good
explanations would help many students to double-check their
answers themselves. It has been clearly noticed that in the exam
the students in the test group explained their answers much more
precisely than the students in the control group.
In the autumn 2003, the first three students who had been
taught with the structured derivation method, attended the
matriculation examination. They had carried out ten compulsory
courses in mathematics in advanced level during two years. They
had no time to take part any advanced or repeating course.
However the results were good and the use of structured
derivation method and logical notation went quite well. The
proper analyse of how the method is working can be made not
until in the spring 2004, when the rest of the first test group
attends matriculation examination.
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In our future plans is analysing the differences in the
students’ skills in programming. Most of the students from the
test and the control groups have had or will have the same
programming courses. Then the structure and logic of the
programs written by the students could be examined in more
details.
According to Dijkstra (2002):
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As time went by, we accepted as challenge to avoid pulling rabbits
out of the magician’s hat. There is a mathematical style, in which
proofs are presented as strings of unmotivated tricks that
miraculously do the job, but we found greater intellectual
satisfaction in showing how each next step in the argument, if not
actually forced, is at least something sweetly reasonable to try.
Another reason for avoiding rabbits as much as possible was that
we did not want to teach proofs; we wanted to teach proof design.

Finally we note that new ideas in teaching are slow to
catch on. People don’t like changing their habits – especially if
it requires them to change their own way of thinking. However,
we believe that structured derivations can improve high-school
students’ understanding of mathematical reasoning and problem
solving and, moreover, deepen their learning on mathematical
thinking and diminish their fear of mathematics.
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Interplay between conceptual and
procedural knowledge
by making formal and informal
mathematics
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ABSTRACT
Research of mathematical history from a cognitive point of view shows a
huge variation of human motives to make mathematics1 . If we accept the
assumption that the main task of our modern education is to promote a
skilful ‘drive’ along knowledge networks so as to scaffold students to utilize
their rich activities, it seems appropriate to discuss what could be an appropriate
‘Educational Approach’. Because of a certain conflict between conceptual
and procedural knowledge, we cannot make any definitive conclusions about
how, even less in which order, students’ knowledge develops in each situation
and in each topic. Even the most abstract concepts can be based on their
spontaneous ideas. This, however, does not predetermine any order for the
activities, because it is the pedagogical framework that matters. Challenges
for the planning of learning environments are coming as well from the
structure of the topic to be learned as from the instructional variables by
integration of technology. For both of these aspects, our strategy may primarily
be procedural or conceptual. Because those who learn more from the
instructional materials are their developers, not users, teachers and students
should become knowledge designers rather than knowledge users2 . This paper
highlights different types of learning environments considering the above
questions. 1 Cf. Zimmermann (2003) 2 Cf. Jonassen (2000)
Keywords: tecnology-based learning, conceptual knowledge, procedural
knowledge, constructivism
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1 INTRODUCTION
After having illustrated the basic features of conceptual
and procedural knowledge with their pedagogical interpretations,
I will at first represent some examples having become possible
just recently through the utilization of progressive technology.
This allows constructions of a mental bridge between concrete
and abstract objects by simple drag-and-drop activities, as
between algebraic and geometric windows, even in both
directions. From the learner’s point of view, these objects can
often be interpreted as procedural vs. conceptual. After that, I
represent interactive Java applets having been planned for
promoting and researching links between conceptual and
procedural knowledge.

2 LOGICAL BASIS FOR P-C RELATION
After a throrough analysis of the studies concerning
conceptual and procedural mathematical knowledge, we (Haapasalo & Kadijevich 2000) made our own characterization, to fit
modern theories of teaching and learning:
• Conceptual knowledge (abbreaviated to C through this paper) denotes
knowledge of and a skilful “drive” along particular networks, the
elements of which can be concepts, rules (algorithms, procedures,
etc.), and even problems (a solved problem may introduce a new
concept or rule) given in various representation forms.
• Procedural knowledge (abbreaviated to P) denotes dynamic and successful
utilization of particular rules, algorithms or procedures within relevant
representation forms. This usually requires not only knowledge of
the objects being utilized, but also knowledge of format and syntax
for the representational system(s) expressing them.

It is especially the dynamic and semantic view of C, which
we wanted to highlight more clearly. In our view, the knowledge
types can, in some cases, be distinguished only by the level of
consciousness of the applied actions. P often calls for automated
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and unconscious steps, whereas C typically requires conscious
thinking. However, P may also be demonstrated as reflective
thinking when student skillfully combines two rules without
knowing why they work.
Concerning links between P and C (the P-C links) we found
four relations:
• Inactivation (I): P and C are not related (Nesher 1986; Resnick &
Omanson 1987).
• Simultaneous activation (SA): P is a necessary and sufficient for C (Hiebert
1986, Byrnes & Wasik 1991; Haapasalo (1997).
• Dynamic Interaction (DI): C is a necessary but not sufficient for P (Byrnes
& Wasik 1991).
• Genetic view (G): P is a necessary but not sufficient condition for C
(Kline 1980, Kitcher 1983, Vergnaud 1990, Gray & Tall 1993, Sfard
1994).

Having in mind different student abilities, various teaching
approaches and topics with associated problems it is appropriate
to stress that these four views do not evidence any general
conclusion regarding the relation between P and C. In this paper
I highlight some pedagogical implications of the DI and SA
views.

3 DYNAMIC INTERACTION AND
SIMULTANEOUS ACTIVATION
Because of the dominance of P over C in the development
of scientific and individual knowledge, a reasonable pedagogical
idea could be to go for spontaneous P, hoping that an appropriate
C would be attainable, finally. On the other hand, it seems
appropriate to claim that the goal of any education should be to
invest on C from the first beginning. The SA method combines
both of these demands in a natural way. However, it is the
pedagogical framework that matters when planning how to
promote P-C links in a learning environment. We (Haapasalo &
Kadijevich 2000 147-153) define two pedagogical approaches as
follow:
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• Educational approach is based on the assumtion that P depends on C.
Thus, the logical background is DI or SA. The term refers to
educational needs, typically requiring a large body of knowledge to be
transferred and understood.
• Developmental approach assumes that P enables C development. The
logical background is G or SA, and the term reflects the philo-genetic
and onto-genetic nature of mathematical knowledge.

The interplay of the two pedagogical approaches can be
illustrated in a flourishing way only if the framework theory of
knowing and learning is linked to the considerations, as the
constructivist MODEM framework (see Figure 1), for example.
A detailed introduction to the involved DI and SA methods can
be found in Haapasalo (1997, 2003) or Haapasalo and Kadijevich
(2003). Furthermore, a thorough learning program for the
conceptual field Proportionality - Linear Dependence - Gradient of a
Straight Line through Origin can be downloaded on the Internet3 .
In this paper I will just give some ideas how to utilize progressive
educational tools for DI and SA. I therefore ask the reader to
accept a short discription of how the educational approach can
be the leading framework, and how the developmental approach
is used to trigger the learning process (see Figure 1).
Having in mind the remark above, I would like to start with
a spontaneous P and restrict the construction space by simplifying the conceptual field: gradient is considered as a concrete
slope, at first. Pupils can handle the situation by using spontaneous P based on their experiences without any explicit thinking
of the mathematical relations between the objects. This kind of
orientation (the first phase of the concept building) basically utilizes
developmental approach: the interpretations are based on pupils’
mental models and more or less naive procedural ideas. These
act like a wake-up voltage in an electric circuit that triggers
another, more powerful current to be amplified again. P and C
start to accelerate each other, offering a nice opportunity to use
SA, for example. Technology allows pupil to manipulate the
1

The software is located at
http://www.joensuu.fi/lenni/programs.html.
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concrete slope visually and look how its abstract symbolic
representation is changing. The mental constructions by the
student do not need to begin from the concrete or abstract, but
between abstract and concrete, and even between abstract things.
In the above mentioned references and in the software2, examples
can be found how to move from the concrete slope to the abstract
mathematical concept gradient by utilizing the SA method again,
and how DI method is involved in the other phases of concept
building (Definition, Identification, Production and Reinforcement).

4 UTILIZING SA METHOD WITH CLASSPAD
For about 20 years, it has been possible to interpret symbolic
representations as graphs by using home computers.
Paradoxically, students should learn to understand these symbolic
representations first before being able to utilize computers in
this conventional way. This strongly contradicts modern
constructivist theories on learning, and we cannot be satisfied
with this kind of one-way ticket for mathematics making. I would

Figure 1. Interplay of educational and developmental approach within
the MODEM-framework
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like to illustrate SA activities by utilizing ClassPad 300, a modern
pocket computer made by Casio4 .
Most ClassPad applications support simultaneous display
of two windows, allowing access to the windows of other
applications from the main application and to perform drag and
drop activities (i.e. copy and paste actions), and other operations
with expressions between the Main Application work area and the
currently displayed screen (Graph Editor, Graph, Conic Editor, Table,
Sequence Editor, Geometry, 3D Graph Editor 3D Graph, Statistics, List
Editor, and Numeric Solver; see Table 1).
I begin with an example, which shows how the properties
of dynamical geometry programs have been extended to allow
an interplay between algebra and geometry.
Example 1. Without knowing anything about the analytic
expression of a circle, we can just play harmlessly by drawing a
circle in the geometry window (1) of the Figure 2, and then drag
and drop the cirlcle into the algebraic window (2). Something
surprising happens: The circle seems to be expressed in algre-

Table 1. Examples of expressions for drag and drop activities with
ClassPad
Main Application window:
Equation of circle in x and y
2-dimensional vector
2 * 2 matrix
Equation y = f(x)
n * 2 matrix
Equation y = f(x)

Geometry window:
A circle
A point or vector
A transformation
A curve
A polygon
A curve

4
The Classpad sites (Dec 1st 03) at
http://www.classpad.org/Classpad/Casio_Classpad_300.htm.
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braic form x2+y2+0.8xy-12.55=0. Let’s manipulate (3) the
equation by changing the constant to 25, then drag-and-drop it
to see the new circle (4). It seems that only the radius changes.
Let’s go back to the algebraic window to do more manipulations
(5). This time, let’s change the coefficients of the second degree
variables: 1 to 2 and 1 to 9: The equation 2x2+9y2+0.8xy-12.55=0
seems to make an ellipse.
Anticipating that some readers might question this kind of
informal mathematics, I would like to point out that the aim of the
SA method used here has been to enhance mental links made by
the student and not to produce any exact mathematics, yet. Of
course, ClassPad modules would allow us to continue the above
analysis on a more exact level by using plotting options such as
‘Sketch’ or ‘Conics’.

Figure 2. Building a bridge between algebra and geometry through the
SA-method
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The next example illustrates how to utilize Classpad
activities for building a bridge between school and university.
Example 2. Let us construct in the Geometry window (1)
of figure 3 the segment CJ. A drag and-drop produces its
algebraic presentation 0.5x-3.55. Now we construct a line
through C perpendicular to CJ, and are curious to see its equation
(2). Interestingly the gradient changed from 1/2 to –2. This
gives us a hypothesis, which might be worth testing. However,
we would like to play with ‘General Transformation’ (3). Two
matrices appeared in the algebraic window. When filling and
drag-dropping them, the segment changed its length and place.
We can make hypotheses concerning the meaning of the
variables.
130

Figure 3. An example what university freshmen could do with the SAmethod.

5 UTILIZING SA METHOD
WITH JAVA-BASED HYPERMEDIA
Within a joint hypermedia project with the Megatrend
University of Applied Science (see Kadijevich & Haapasalo
2003), I planned with my students sophisticated Java applets
for teaching and research purposes. This work was a part of
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students’ pedagogical studies in a mathematics teacher
education program. The goal is to collect basic experiences
concerning the use of digital hypermedia-based materials in
progressive mathematics education. Making the set of
interactive applets is an effort to utilize the SA method, offering
for the pupil opportunities to make mental links between
concrete (often procedural) and abstract (often conceptual)
objects by simple manipulations. Figure 4 illustrates a typical
example of the applets’ conics (circle, parabola, ellipse,
hyperbola). At the first stage, just a parabola appears on the
screen. The pupil has opportunity to write his/her open-ended
conjecture for the mathematical principle (law) involved in
graph, and choose hints at different levels for doing that. It is
the mental constructions of the pupil that matter, not any
objectivist-behaviorist definition to be written. Maybe the most
beautiful and optimal end would be that after just playing for a
while with an applets, the pupil could use a dynamical geomery
program (e.g. Sketchapd) for producing the same visualization.
The “intelligent applets” will save certain pedagogical parameters, which come out from pupil’s answers and from his/her
paths when moving around the applets (see Table 2).

Figure 4. Example of an interactive Java applet for seraching of P-C links
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The reader is invited to visit the applet sites5 and to make
his/her own investigations and maybe studies, as well. All kind
of feedbak to the author is welcome for developing this “global”
progressive learning and research material. The system does not
collect any personal data, which could harm the user’s security.
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6 REMARKS ON HYPERMEDIA-BASED
KNOWLEDGE DESIGN
P-C variables do not only concern the topic to be learned
but also technological aspects as far ICT-based learning is our
focus. For illustrating some of them, I shortly describe the
hypermedia-project inspirating students to plan the applets above.
While the Serbian study (Kadijevich 2002) focused on the
principles, I examined the impact of P-C approaches. I organized
for 22 students6a workshop (2-3 hours) aiming to get experiences
how introduction to hypermedia-based design could be done
in an optimal way when time is limited. For this purpose,
conceptual and procedural approaches were used in an “exaggerated” way as it was the case in the Järvelä (2003) study7. This
time the focus was not the mathematical content but to go to
the limit concerning sufficient instructions to begin a succesful
design process. Therefore, some kind of ‘Minimalist Instruction’
was adopted in the sense of Carroll (1990) and Lazonder (2001).
Procedural and conceptual approaches were compared in the
sense of van Merriënboer (1997), Chatfield (2000), Shih &
Alessi (1994), Ben-Ari (2001), and Urban-Lurain (2001).
The applets are located at http://www.joensuu.fi/lenni/SA/conics.html.
The testees were 2nd or 3rd year students in teacher education, being 20-23
years old of age. Twelve of them worked within procedural approach, and ten
within conceptual approach.
7
When researching the impact of different approaches by teaching basic
routines on ICT, Järvelä (2003) found three types of orientations: procedurebounded, procedural oriented and conceptual oriented learners, being independent on
the instructions (i.e. procedural vs. conceptual).

5

6

ml.
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All students were satisfied with their success, and their
own requirements were compatible with the end products even
if some students in the procedural group did not like the feeling
that they just proceeded without knowing why particular actions
worked and why some did not (cf. ‘conceptual barriers’ of
Chatfield 2000). Most students expressed encouraging comments
about pedagogical ideas gained through the workshop: “I learned
new teaching methods and got more ideas how to use Internet sites in teaching”,
“A way to create digital learning material by myself without any effort”.
The negative opinions (only 4) were mainly directed towards
technical difficulties with software: “Problems with WORD”. “If
this would be in class and computers would not work!” , “My Internet
connection did not work properly.”, “If something goes wrong with the
program, I don’t know what to do next.” Differences in the experiences
on computer did not cause any problems as the students themselves defined the goals for their products. The restricted time
meant that most students reached only (1) and (4) of the multimedia design requirements of Mayer (2001), described in Figure
5. However, many students especially within the conceptual
approach, discussed improvements they could do to their
productions if they would have time to do that. Thus, also
requirements (2) and (3) were implicitly involved. The open-ended
goal setting caused an ambitious end by three students of the
conceptual group. They started to design the applets of the
former chapter, based upon all six requirements of design.
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Table 2. An example of the data having been saved on the computer
after a working period.
Age 21, Sex : 1, Residence : Joensuu, Education: Math student (1st year)
Date: 2003-04-09 13:34:49
Task 1:
• Answer: A circle, the radius depends on the distance of the centre to a
certain point.
The bigger the distance, the bigger the radius. Something like this: Centre
(x1,y1) Circle
R^2 = (x+x1)^2+(y+y1)^2, R=|(x1,y1)-(x0,y0)| ... or something?
• Comment: Quite easy to find the rule, but difficult to tell… If my
solution is crazy,
maybe I remembered the basic formula totally wrong.
• Total time: 440 (27,9,369,0)
• Hint keys having been pressed: 0,1,2
• Did the hints help: No … and which of them:
Task 2:
Answer: A set of points, which are as far away from the point F as from
the line ...
It is a parabola.
Comment: I did recognize it as a parabola, but I did not find the rule
without any hints.
• Total time: 216 (8,11,17,132)
• Hint keys having been pressed: 0,1,2,3
• Did the hints help: Yes … and which of them: 3
Task 3:
Answer: An ellipse. A set of points for which yields: if I draw a line from
another focus
here… and from here to the second focus, so is the distance constant.
Comment: Wow! Watching out during the upper secondary school teaching
saved me!
• Total time: 207 (13,12,158,0)
• Hint keys having been pressed: 0,1,2
• Did the hints help: Yes … and which of them: 3
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Concerning the impact of the pedagogical polarization,
the procedural group (Figure 5c) eagerly discussed pedagogical
issues. Students considered what would be interesting for
children more than technical issues of their Web pages. On the
other hand, the conceptual approach seemed to force students
in the second group (Figure 5b) to discuss the logical and technical structure of their Web pages. Students just picked up an
applet and started to test how the method works technically.
After about one hour working period students could proceed
without using the guidelines or the instructor’s help as much as
the procedural group did.
Problems were encountered when the students lost the
logic of their actions and met ‘conceptual barriers’. Furthermore,
the aim was that students would understand the advantages
and restrictions of particular programs to create, edit and browse
HTML pages that contain applets (cf. Ben-Ari 2001 and UrbanLurain 2001).

Figure 5. Overview of the Serbian (a) and Finnish (b-c) student’s
products (dark polygons) concerning the six multimedia-design principles
of Mayer (2001). The light polygons represent tutor’s expectations with
respect of the time resources having used.
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7 DISCUSSION AND CONCLUSIONS
A detailed analyse of TIMSS and PISA results reveal (Kupari 2003, Törnroos 2003) that it is not necessarily the school
teaching that impacts on students mathematical knowledge. This
makes educational research interesting - which factors in our
education are important for the development of thinking
abilities? If we accept the assumption that the main task of
education is to promote a skilful ‘drive’ along knowledge
networks so as to scaffold pupils to utilize their rich activities
outside school, it seems appropriate to speak about an
educational approach in the sense of this paper.
I believe that ClassPad is a promising step towards technology that would allow the mathematics making even in students’
free time. Examples above show that even the most abstract
concepts can be based on his/her spontaneous ideas. My position
is that doing should be cognitively and psychologically meaningful
for the student. Building a bridge between geometry and algebra
- one of the major foci in the history of mathematics - is just
one opportunity to utilize ClassPad. Even if just the imagination
of the user might put limits on the invention of SA environments, most operations are still complicated to be realized without
obtaining first basic routines to use the equipment. Non-optimal
user-interfaces have been studied by Carrol (1990, p. 8) and
Norman (1986), for example. The question “Does the learner
have to understand something about the topic in order to be
able to do?” must be extended to include the technological
interfaces, as well. Because the instruction time is often limited,
we also meet the problem of ‘Minimalist Instruction’. For being
able to analyse these types of problems, we need more
experiences on hypermedia design.
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Even if teachers may have difficulties in accepting
flexibility in the multimedia based learning (cf. Forcheri et al.
2001), a hypermedia-centered instruction design can improve
educational practice, provided that pedagogy is linked to
technology, instructional units are planned collaboratively, and
a support in their classroom utilization is given to teachers
(Cleland, et al. 1999). Having in mind these studies, such design
projects should also be used in the professional development
of mathematics teachers. To benefit from them fully, we have
to realize their main critical issues and handle them in an
adequate way.
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On development of pupils’ selfconfidence and understanding in middle
grade mathematics
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ABSTRACT
In this paper we will present some preliminary results of the longitudinal
aspect of our research project on self-confidence and understanding in
mathematics (the project is financed by the Academy of Finland; project
#51019). We have collected a survey data of more than 3000 fifth-graders
and seventh-graders and a follow-up data of ten classes (191 pupils) one and
a half years later. Here we will concentrate on the development of pupils’
self-confidence and understanding. The longitudinal data indicates that the
learning of mathematics is influenced by a pupil’s mathematics-related beliefs,
especially self-confidence and that defensive orientation becomes more stable
in the older sample. Pupils’ level of understanding fractions also influences
their developing understanding of infinity. Gender differences are clear both
in self-confidence and in understanding in boys’ favour.

Key Words: beliefs, self-confidence, achievement, longitudinal.
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INTRODUCTION
Pupils’ conceptions on themselves as learners are strongly
connected with what kind of general attitudes they have toward
the discipline in question. Mathematics has been since centuries
a highly valued discipline in school, and therefore, pupils
experience success in mathematics important. It has been
observed that pupils’ beliefs on mathematics and on themselves
as mathematics learners have a central role in their learning and
success in mathematics (e.g. Schoenfeld 1992). The importance
of beliefs is earning more and more recognition in mathematics
education; this is in concordance with the constructivist
understanding of teaching and learning. But for the term “belief ”,
there is no single, exact definition. Furinghetti and Pehkonen
(2002) have tried to clarify the problems of the concept belief,
and they conclude that it seems to be impossible to find a
universally accepted characterization for beliefs. For example,
Schoenfeld (1992, 358) describes beliefs as “an individual’s
understandings and feelings that shape the ways that the individual
conceptualizes and engages in mathematical behavior”. Our understanding
of what a belief is may be further characterized by the following
specification of its function in a system. Pehkonen and Törner
(1996) describe four kinds of functions: (a) beliefs form a
background regulating system of our perceptions, thinking, and
actions, and therefore, (b) beliefs act as indicators for teaching
and learning. Moreover, (c) beliefs can be seen as an inertia force
that may work against change, and as a consequence (d) beliefs
have a forecasting character.
Mathematics can be described as a combination of
calculation skill and competence in mathematical reasoning, but
neither of these alone characterizes mathematics. There is much
research evidence that many pupils learn mathematics as a symbol
manipulation without meaning (e.g. Resnick & Nelson – Le Gall
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1987). Mathematical understanding can be distinguished from
the neighbourhood concepts ‘skill’ and ‘knowledge’, for example
as follows: Mathematical knowledge answers the question ‘What’,
and one may remember mathematical facts. Mathematical skill
answers the question ‘How’; which includes, for example, the
traditional calculation skill (procedural knowledge). Only
mathematical understanding answers the ‘Why’ -question; it
allows one to reason about mathematical statements. This requires
a more holistic view, whereas skill and knowledge may be acquired
quite atomistically, as separate facts and procedures. Knowledge,
skill, and understanding are intertwined concepts, since
understanding contains always knowledge and skill. Another view
perceives mathematical understanding as a process that is fixed
to a certain person, to a certain mathematical topic and to a
special environment (Hiebert & Carpenter 1992).
Mathematical beliefs and mathematics learning form a
circular process. I.e. on one hand the way of teaching mathematics
influences little by little pupils’ beliefs in mathematics. On the
other hand, pupils’ beliefs influence how they experience
mathematics teaching in class. A pupil’s mathematical beliefs act
as a filter influencing all his thoughts and actions concerning
mathematics. Mathematical beliefs can be divided into four main
components: beliefs on mathematics, beliefs on oneself as a
mathematics learner/applier, beliefs on teaching mathematics,
and beliefs on learning mathematics (e.g. Lester, Garofalo & Kroll
1989). In this study our main focus are beliefs about self, especially
self-confidence in mathematics.
Research in mathematical beliefs has, to a large extent,
focused on self-confidence, self-efficacy and success expectations
and their connections with success. Several studies have shown
that beliefs on oneself have a remarkable connection with success
in mathematics (e.g. Hannula & Malmivuori 1996, House 2000).
For example, in the study of Hannula and Malmivuori (1996)
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the observation was made that of ninth-graders’ mathematical
beliefs, self-confidence correlated statistically significantly with
success in the mathematics test used. However, to establish a
causal relationship between achievement and self-concept is more
problematic. In a literature review, Linnanmäki (2002) found out
that in some studies no evidence for causality could be found, in
other studies evidence was found for the causality from selfconcept to achievement, while yet others found evidence for an
opposite direction. The results need to be interpreted cautiously,
because not many of the studies have a longitudinal design that
has large enough sample and long enough interval between
measures. However, the seemingly contradictory results indicate
a developmental trend, where causality is mainly from
achievement to self-concept during the first school years, it
changes into a reciprocal linkage for the latter part of the
comprehensive school, and in the upper secondary school level
the causal direction is from self-concept to achievement
(Chapman, Tunmer & Prochnow 2000). In her own study on
self-concept and achievement in mathematics, Linnanmäki (2002)
found evidence for this developmental trend for grade 2 to grade
8 pupils.
Often one tries to approach mathematical beliefs using
comparisons of girls’ and boys’ results. Among others, in the
test of Pehkonen (1997) boys in grade 9 were more interested in
mathematics and had more confidence in themselves than girls.
According to results of the same study, girls were, however, more
ready to cooperate with other pupils and to practice with more
tasks than boys. Similar results were found also in other studies
(e.g. Stipek & Gralinski 1991). These results are supported also
by the study of Vanayan, White, Yuen & Teper (1997) that
showed that already in grade 3 and 5 boys estimated themselves
to be better in mathematics than girls. Teenage girls’ weaker selfconfidence in mathematics compared to boys’ has also been
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reported in several publications, e.g. in Leder (1995) and Bohlin
(1994). Also girls seem to have mathematics anxiety more often
than boys (Frost, Hyde & Fennema 1994, Hembree 1990).
The focus of this paper is to describe the development of
pupils’ mathematical beliefs on themselves, and to consider them
in relation to their mathematical achievement. Here we will
concentrate on the results of the longitudinal data. Especially,
we pay a special attention to the effects of gender and grade.

METHOD
Test subjects
The study forms a part of a research project “Understanding
and Self-Confidence in Mathematics” financed by the Academy
of Finland (project #51019). The project is targeted at grades
5–8, and contains in the beginning a large survey with a statistical
sample from the Finnish pupil population of grade 5 and grade
7 with 150 school classes and altogether 3057 pupils. In the
sample, the share of girls and boys is about the same, as well as
the share of pupils in two grade levels (grade 5 and 7). The survey
was implemented at the end of the year 2001, and the information
gathered was deepened with interviews in spring 2002. The
development of pupils’ understanding and self-confidence were
tried to track with follow-up interviews during winter 2002-03.
For the interviews 10 classes at convenient locations were
selected, and from each of them four pupils have been
interviewed and observed. In spring 2003 the questionnaire was
administered a second time in these 10 classes. We have altogether
101 pupils in the younger sample and 90 pupils in the older sample
who answered our questionnaire twice.
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Indicators
The questionnaire was planned especially for the project,
but some ideas were collected from the existing literature. The
questionnaire is a compound of five areas: a pupil’s background
information, 19 mathematical tasks, a pupil’s expectation of
success before doing the task, a pupil’s evaluation of success
after doing the task, and an indicator for his mathematical beliefs.
The questionnaire was administered within a normal mathematics
lesson (45 minutes) by the teacher.
The aim of the used mathematics tasks was to measure
both pupils’ calculation skills in fractions and decimals, and their
understanding of the number concept. To measure understanding
except of pure skill, we used tasks that students of this age usually
have not learned a standard algorithm for. Some examples of
the mathematical tasks used in the questionnaire were the
following:
Task 1c. Colour the proportion of the figure indicated by the
fraction 2/3.
(Fractions)
Task 5. Write the largest number that exists. How do you know that it is
the largest? (Infinity)
Task 6c. Calculate 2*0.8. (Other tasks)

The indicator used (belief scale) contained 25 statements
of beliefs on oneself in mathematics. Of these items, ten were
taken from the self-confidence part of the Fennema-Sherman
mathematics attitude scale (cf. Fennema & Sherman 1976), and
the other 15 items measured pupils’ beliefs on themselves as
mathematics learners, and beliefs on success. The pupils answered
on a 5-point Likert-scale (from totally disagree to totally agree).
Some sample items from the questionnaire are below.
Item 4. I don’t like to reveal others, if I don’t understand something in
mathematics. (Defense orientation)
Item 16. I am not the type who is good in mathematics. (Self-confidence)
Item 17. I prepare myself carefully for the tests (Success orientation)
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The research participants of the main survey formed a
large and covering sample of fifth-graders and seventh-graders
in Finland. Therefore, survey results can be generalized to the
whole Finland. Also gender differences in results are possible
to generalize in Finland, since the amount of girls and boys in
the sample was about the same. However, the number of classes
in the longitudinal sample is small and we need to control for
possible deviations before making generalizations.

Data analysis
Based on analyses by Hannula (2002), we chose to create
three sum variables for understanding/achievement (Infinity,
Fractions, and Other tasks), but we are aware that the reliability
of these scales is low. For beliefs our factor analyses produced
more reliable scales (Self-confidence, Success orientation, and
Defense orientation) (Nurmi, Hannula, Maijala & Pehkonen
2003). Next the connections of the sum variables, made from
the factors obtained, with gender, grade level, mathematics marks
and the test scores, were considered. Parametric tests, such as ttest, were used, and the results were checked, if needed, with
corresponding nonparametric tests.
For the analyses of the longitudinal data we used general
linear model multivariate analyses (GLM Multivariate), which
provides regression analysis and analysis of variance for multiple
dependent variables by several covariates. The first measures of
variables were considered as the covariates and the second
measures of the same variables as the dependant variables. For
each dependent variable, the overall η2 (eta-squared) statistic is
reported as a measure of the proportion of total variability
attributable to the covariates. Furthermore, statistically significant
η2 are reported separately for each pair of covariate-dependent
variable as a measure of the proportion of total variability
attributable to the specific covariate.
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ON RESULTS
In this paper we will mainly focus on the results of the
longitudinal data. There are many published papers on some
specific features of the initial results for the research project
(e.g. Nurmi et al. 2003, Hannula 2003).
Here we shall use three sum variables for success in
mathematics test (fractions, infinity, other tasks), and three sum
variables for beliefs (self-confidence, success orientation, defense
orientation). The mathematics variables (infinity, fractions, other
tasks) are based on the analyses made in Hannula (2002), and
belief variables (self-confidence, success orientation, defense
orientation) were constructed with the help of factor analyses
from the belief scale (cf. Nurmi et al. 2003). For background
variables we shall control the effects of gender and grade.
The sample of the fifth-graders does not differ much from
the overall sample, if we look at the averages of all sum variables
(there is only a small effect favoring focus classes in fractions).
However, the seventh grade longitudinal sample has better skills
in mathematics (small to medium effects) and a slightly lower
defense orientation (small effect) than the full sample (Table 1).
In our interpretations of the results we need to be aware of
these deviations from the larger sample.

Development observed
Each achievement variable is calculated as a sum of points
given to the respective tasks. The theoretical maximums for
variables are 14 (infinity), 13 (fractions), and 12 (other tasks). We
notice a rapid development in all achievement variables from
grade 5 to grade 6. The development continues to be rapid in
the domain of infinity after grade 7, but slows in other variables
because, probably, of a ceiling effect (Figure 1).
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Table 1. Comparison of the longitudinal sample and the main sample.
M is the mean value for the large sample, Mlong the mean value for the
selected longitudinal sample. Here we use the d-value = |mean1 –
mean2| / SD as a measure for difference and a convention established by
Jacob Cohen (Cohen, 1988) that sets norms for “small,” (d = 20)
“medium,” (d = 50) or “large” effects (d = 80).
M
Infinity
3,1
Fractions
5.3
Other tasks
6.0
Self-confidence
3.7
Success orientation 3.8
Defense orientation 2.5

Grade 5
S.D. Mlong
2.0
3.4
2.6
6.0
2.3
6.2
0.8
3.7
0.6
3.8
0.8
2.4

d
0.10
0.27
0.11
0.05
0.08
0.13

M
4.7
8.3
8.0
3.5
3.6
2.4

Grade 7
S.D. Mlong
2.9
5.9
2.4
9.1
2.0
8.6
0.8
3.6
0.7
3.7
0.7
2.2

d
0.62
0.30
0.25
0.19
0.17
0.37

10
9
8
7
6

5th grade
6th grade
7th grade
8th grade

5
4
3
2
1
0
Infinity

Fractions

Other tasks

Figure 1. Development in mathematics achievement (infinity, fractions,
other tasks).
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5
4,5
4
3,5
5th grade
6th grade
7th grade
8th grade

3
2,5
2
1,5
1
Self-confidence

Success
orientation

Defence
orientation

Figure 2. Development in belief factors (self-confidence, success orientation,
defense orientation).
h2 (%)

First measure

10

Infinity

Second measure

total
h2 (%)

Infinity

51

Fractions

51

12

Fractions
11
5

Other tasks

22
4

Other tasks

48

16

Figure 3. GLM Multivariate analyses of mathematics achievement
(infinity, fractions, other tasks).
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First measure
Self-confidence

Second measure
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total
h2 (%)

38

Self-confidence

44

28

Success o.

36

12
Success o.

Defence o.

4

Defence o.

4

Figure 4. GLM Multivariate analyses of belief factors (self-confidence,
success orientation, defense orientation).
Belief variables are calculated as an average of pupils’
responses’ to several items, which all can vary from 1 to 5. In
belief variables, we see decline in self-confidence and in success
orientation together with an increase in defense orientation from
grade 5 to grade 6 and from grade 7 to grade 8. However, grade
7 measures differ from grade 6 measures to another direction.
Here we need to be aware of the differences between the younger
and the older sample (Figure 2)
Table 3. Explained variances in separate and combined models for beliefs
and achievement.
Depending variable Explained variance (η2)
in separate models
Infinity
51 %
Fractions
51 %
Other tasks
48 %
Self-confidence
44 %
Success orientation
36 %
Defence orientation
4%

Explained variance (η2)
in combined model
54 %
53 %
57 %
44 %
36 %
6%
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Roughly 50 % of variation in mathematics achievement
is predicted by achievement in the previous test (Figure 3). As
expected, a pupil’s achievement in a topic in a previous test is
one predictor for success in the same topic in the next test. As a
more interesting result we see that fractions are an important
predictor for success in infinity and other tasks.
For the belief variables we see that self-confidence and
success orientation are quite well predicted by earlier beliefs
(Figure 4). Self-confidence is more important predictor of these
two variables. On the other hand, defense orientation seems to
be relatively unstable variable, and only 4 % of the variation in
the later test could be explained.
When beliefs and achievement were combined in one
model, the explained variance increased for all achievement
variables and defense orientation (Table 3). The statistically
significant effects between variables of beliefs and achievement
are presented in Table 4.
Table 4. Statistically significant new effects when achievement and beliefs
are combined into one model.
152

Effecting variable
Self-confidence
Self-confidence
Success orientation

Depending variable
p
Fractions
0.002
Other tasks
0.049
Other tasks
0.036

Effect size (η2)
6%
2%
3%

When analyses were made separately for the boys and girls,
and for the two age samples, we found some variations in the
model:
- Defense orientation was more stable in older sample (η2 = 17
% (boys), η2 = 11 % (girls))
- Infinity was more strongly predicted by fractions in girls’ samples
(η2 = 17 % (younger girls), η2 = 25 % (older girls))
- Self-confidence was strongly predicted by achievement in infinity
tasks in older girls’ sample (η2 = 33 %)
- Other tasks becomes a less stable variable in older sample. This
is probably due to a ceiling effect.
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We made a more detailed analysis on the connection
between fractions and infinity, because the connection was an
important one, not easy to explain theoretically, and because the
underlying factor constructs were not very strong. We made a
GLM multivariate analysis on task level and found that one
fraction task was by far the most important predictor, and the
effect was on two of the three infinity tasks. The predicting task
(Figure 5) and the explained infinity tasks are presented below
(Table 5). When we look at the correlations between the two
measures of these three variables (Table 6) we see, that there
really was a predictive effect (the strongest correlations being
between the first measure of the fraction task and the later
measures of the infinity tasks.)

0

1

Figure 5. Task 2c in the survey: mark 3/4 on the number line.
Table 5. Two infinity tasks that were predicted by the number line task.
Task 7. How many numbers are there between numbers 0.8 and 1.1?
Task 8. Which is the largest of numbers still smaller than one? How much
does it differ from one?

Table 6. Correlations between two measures of tasks 2c, 7 and 8.
Pearson correlations
Task 2c,
first measure
Task 2 c,
second measure

First measures
T2c T7
T8
1
0,39 0,46

Second measures
T2c T7
T8
0,47 0,63 0,54

0,47

1

0,28

0,35

0,42

0,40
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CONCLUSION
There is significant development during grades 5 to 8 in
topics measured in the mathematics test. Most notably the
development was rapid both in the topics that are covered in the
curriculum (fractions), but also in topics that are not dealt directly
with in the curriculum (density of rational numbers). At the same
time, there was – somewhat paradoxically – a negative
development in beliefs. In both samples the self-confidence and
success orientation became lower in the second measurement,
and defense orientation increased. Confusingly, the beliefs of
the older sample at the beginning of the seventh grade were
more positive than the results from the younger sample at the
sixth grade. Partially the difference can be explained by the
differences in the samples (the older sample deviating from the
average towards more positive in both achievement and beliefs).
This somewhat odd difference in the 6th and 7th graders’ beliefs
might also be partially due to the effects of time of the
measurement, beliefs possibly declining by the end of spring
term and increasing again by the beginning of a new term (’a
fresh start’).
Defense orientation was the least stable of the belief factor
constructs, and we might even question the validity and usefulness
of the variable. However, there seems to be a developmental
trend for this orientation to become more stable as pupils grow
older. Possibly defensive approach to mathematics is something
that develops slowly during school years. In future research on
older pupils’ beliefs, attention should be paid to this hypothesis.
The longitudinal nature of the research allowed us to see
predictive connections between variables. Although the temporal
prediction cannot be denied, it does not necessarily imply a causal
relationship. There may other variables at play that have not been
measured in this study. When we below speak about prediction,
it should be understood as a temporal relationship that suggests
a causal relationship but cannot prove it.
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Mathematics achievement in this specific test could be
predicted to a large extent from the pupils’ past achievement,
roughly 50 % of variation explained by earlier achievement. Most
notably the pupils’ success in fractions is an important predictor
for future achievement in the used tasks on number concept –
especially for girls. As a specific task, pupils’ ability to perceive a
fraction as a number on a number line predicts their future
understanding of density of number line. This finding highlights
the importance of number line as a conceptual tool.
Self-confidence is another variable that seems to be an
important predictor for future development. A pupil’s selfconfidence predicted largely the development of self-confidence
in the future, but also the development of success orientation
and achievement. A strong connection between self-confidence
(and other beliefs on oneself) and mathematical achievement has
been found also in earlier research (i.a. Hannula & Malmivuori
1996; Malmivuori & Pehkonen 1996; Tartre & Fennema 1995).
Regarding the relationship between beliefs and achievement,
we can see that self-confidence predicted success in more
conceptual tasks (fractions), whereas success orientation (a desire
to do well) predicts success in more computational tasks. Our
analyses suggest that the main causal direction already from grade
5 onwards is from self-concept to achievement. In the older
sample we also found achievement in infinity to be a strong
predictor for the development of the girls’ self-confidence, which
supports the hypotheses of a reciprocal linkage. Like the results
of Ma and Kishor (1997), also our findings indicate that gender
is an important variable in any analyses of causal relationship
between affect and achievement.
With the longitudinal study we have found several
interesting findings, but the questionnaire studies can only point
to some interesting variables and their relationships. To
understand more about the nature of these relationships we
need to take a closer look at the qualitative data we have.
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ABSTRACT
Elementary teacher students’ view of mathematics teaching is often quite
one-sided. Individual factors do not yet suffice to account for whether a
change will take place in a student’s view of mathematics; rather, the
phenomenon must also be examined in social perspective. In this article, I
analyze the cooperation during teaching practice in one practice class,
comprising three second-year elementary teacher students and the class
lecturer supervising them. My focus is, what is the significance of this
(guidance) discourse community for the development of elementary teacher
students’ view of mathematics. Research material consists of interviews and
portfolios, and I used narrative analysis as research methodology. According
my study the view of mathematics of the students improved during teaching
practice: Leena’s and Maija’s view of herself and Markku’s view of himself
as a mathematics teacher became more positive due to positive teaching
experiences. Maija’s and Markku’s views of teaching mathematics expandid
in the direction of pupil-centred approach. The cooperation among the
students was crucial in the process. The empathetic, determined guidance of
the class lecturer sustained change.
Key Words: teaching mathematics, collaboration, professional development,
teacher change, teaching practice
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INTRODUCTION
At the beginning of elementary teacher training, students’
beliefs and knowledge regarding mathematics teaching are quite
one-sided (Kaasila 2000; Pietilä 2002). Teaching practice is a
crucial component of teacher education, and therefore a
worthwhile research interest in examining the development of
students’ beliefs of mathematics. According to earlier studies,
in some practice classes many students develop a richer array of
beliefs, whereas in others the change in beliefs is comparatively
slight (Kaasila 2000). Teacher education programmes have usually
focused on the development of individual knowledge, but the
view of knowledge as socially constructed makes it clear that an
important part of learning to teach is becoming enculturated
into the teaching community (Putnam & Borko 2000).
It seems that the community comprising the class lecturer,
the lecturer in didactics and the students teaching in the class
plays a crucial role in the process of change (Kaasila 2001): I
refer to this as the guidance community. It is well worth
investigating in more detail what kind of community sustains a
change in students’ view of mathematics. In this article, I will
confine my treatment to a single practice class, a community
comprising three second-year elementary teacher trainees, the
class lecturer supervising them, and the pupils in the class. I
analyse the cooperation which the students engaged in and the
importance of the guidance they received from the supervising
class lecturer for the development of their view of mathematics.

THEORETICAL FRAMEWORK
The theoretical framework of my study draws on theories
of beliefs and view of mathematics (Eagly & Chaiken 1993;
Kaasila, Laine & Pehkonen 2004). A second underpinning is
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the socio-cultural and socio-constructivist approach to teacher
change (Putnam & Borko 2000; Feiman-Nemser & Beasley 1997).
Applying the socio-constructivist approach, I examine the
development of students’ view of mathematics as both an active
individual process of construction and a broader process of
enculturation (see Cobb 1994).
Beliefs can be placed in the three-component theory of
attitudes, and can be seen as forming the cognitive component
of attitudes (Eagly & Chaiken 1993). Students’ beliefs refer to
their subjective, experiential, often implicit knowledge and
feelings about a thing or a state of affairs (Lester, Garofalo &
Kroll 1989).
A student’s view of mathematics is an extensive array of
knowledge, beliefs, conceptions, attitudes and feelings. One can
distinguish at least two main components:
(1)one’s view of oneself as mathematics learner and mathematics teacher
(2)one’s view of mathematics and of the teaching and learning of
mathematics

Of these, the former is primarily affective, the latter mainly
cognitive. The individual’s thinking regarding mathematics always
takes place in the framework of his or her view of mathematics.
(Kaasila, Laine & Pehkonen 2004.)
Mathematics experiences are of central importance in the
development of the view of mathematics (Pietilä 2002). If a
preservice teacher reflects personal recollections, he or she enters
into a dialogue with his or her former self and may redefine his
or her mathematical past in a more different (positive) manner
than earlier (Kaasila 2000). Also the following factors play central
role in the change: guidance from class and didactics lecturer
and from the other students teaching in the same class; a change
of roles and perspectives (Pehkonen & Törner 1999), in which a
student takes the role of a pupil and examines activities from
this perspective, the use of manipulative models and reflective
writing in a teaching portfolio (Kaasila 2001).
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Individual factors do not yet suffice to account for whether
a change will take place in a student’s view of mathematics.
Instead of stressing only the importance of the view of an
individual teacher trainee, the emphasis here is placed on the
sharing of learning and cognitive performance. The class lecturer,
the lecturer in didactics and the teacher trainees in a class form a
small discourse community, with the students striving to become
socialised into the community. Discourse communities provide
the cognitive tools – ideas, theories and concepts – that trainees
appropriate as their own through their personal efforts to make
sense of experiences. How a teacher student acquires particular
knowledge or skills and the situation in which he or she learns
become a fundamental part of what is learned. (see Putnam &
Borko 2000.)
During teaching practice, a more experienced mentor
(teacher or teacher trainee), can promote learning on the part of
trainees by participating with the novice in the core tasks of
teaching. This process helps student teachers perform at a more
complex level than they could on their own. Through their joint
participation in activities, the mentor and the novice develop a
shared understanding of the meaning of these activities. This
idea, the Zone of Proximal Development (ZPD), builds largely
on the socio-cultural theories of Vygotsky (1978). Co-planning
is one important form of mentoring. Through co-planning a
mentor can model an approach to planning, make explicit his or
her thinking and share practical knowledge about the subject
matter and teaching with a student. The mentor’s task is to
scaffold trainees’ learning and provide them with emotional
support. (Feiman-Nemser & Beasley 1997.)
In this study, I apply mentoring, ZPD and scaffolding in
order to conceptualise the cooperation among the class lecturer
and the students. In addition, I use these constructs to examine
a case in which a more experienced student teacher planned a
sequence of mathematics lessons with peers who had less
teaching experience.
162
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METHOD
Research questions
The first main research question in my study is the
following:
1 How did the elementary teacher trainees’ view of mathematics develop
during their teaching practice?

With reference to the definition of the view of mathematics,
I divide this into two subquestions:
1.1 How did the elementary teacher trainees’ view of themselves as
learners and teachers of mathematics develop during their teaching
practice?
1.2 How did the elementary teacher trainees’ view of the teaching and
learning of mathematics develop during their teaching practice?

The second main research question is:
2. What was the significance of the guidance community for the
development of the elementary teacher trainees’ view of mathematics?

I confine the treatment of the second question to an analysis
of two factors in particular:
2.1 What was the significance of the cooperation among the trainees for
the development of their view of mathematics?
2.2 What was the significance of the supervising class lecturer for the
development of the trainees’ view of mathematics?

Participants and materials
The participants in my study began their studies at the
University of Lapland in autumn 2001. Based on observations
during the mathematics exercises at the University in autumn
2002 and the self-assessment forms completed at the end of
the first-year teaching practice Subject Didactics 1 (SD 1), I
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selected 12 second-year students for more detailed study. The
students taught in four different classes in November and
December 2002 as part of the teaching practice Subject
Didactics 2 (SD 2). One criterion for the selection of the
participants was that each class should have students with
teacher-centred beliefs as well as students with learner-centred
beliefs. A second criterion was that the students had cooperated
smoothly during the mathematics exercises at the University.
In what follows, I analyse the cooperation among three students
fulfilling these criteria – Leena, Maija and Markku – and its
significance for the development of view of mathematics. Each
of them had completed the general curriculum in mathematics
in upper secondary school. Leena had significantly more teaching
experience than Maija and Markku. During the teaching practice,
each of the students taught 3 or 4 geometry lessons in the fourth
grade.
The goal of the four-week SD 2 practice was for students
to become familiar with planning and teaching lessons and the
evaluation of pupils’ development in mathematics and two other
subjects. My research material consists of interviews of the
students and class lecturers, and the students’ mathematics
portfolios. The portfolios comprise the individual lesson plans
and related self-assessments, an assessment of the progress made
by three of the pupils in the class and the students’ reflections
on articles forming part of the required course reading.
When interviewing the students, I asked them to tell about
their most and least successful mathematics lessons. In addition,
I asked them what kind of view of mathematics they had from
their days in school, how well they felt their cooperation had
worked in the practice class and what their feelings were regarding
the supervision they had received from the class lecturer.
The class lecturer Jarkko has over ten years’ experience in
supervising practice teaching. He is considered a competent
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and empathetic supervisor. I asked Jarkko for his assessment
of the students’ progress - as mathematics teachers in particular
- and of the quality of their cooperation during SD2.
My own position as the students’ supervisor was the
following: I taught them on a course in mathematics with
content (one area being geometry) and didactic components.
The latter emphasised principles drawn from socio-constructivist
and socio-cultural learning theory. In conjunction with the
course, I provided the students with some advance guidance in
making their plan for the mathematics lessons for SD 2. During
SD 2, I provided feedback on one lesson taught by each student.
Thus I, too, was a member of the discourse community.

Narrative analysis as a research method
I used narrative analysis as my research methodology. A
narrative is a story which consists of a beginning, a middle point,
an end and a plot (Polkinghorne 1995). “By means of the plot,
goals, causes and chance are brought together within temporal
unity of a whole and complete action” (Ricoeur 1983, ix).
In this study, the narrative approach focuses on teacher
trainees’ stories of lived experiences in the classroom as a basis
for understanding practice in order to facilitate professional
development (Zaslavsky et al. 2003). I sought to identify those
facets of the data that appear to be significant for the trainees’
view of mathematics. I also looked closely at the language used
by the students, including their method of narration and
vocabulary. I examined the breaks and continuity in the content
of the accounts: some breaks can relate to significant points of
change (Denzin 1989). On balance, I sought to describe in a
systematic fashion the changes that occurred in each student’s
view of mathematics. I also endeavoured to explain the factors
that figured significantly in the change process. The students’
voice can be heard and their actions are made visible through
the inclusion of excerpts from interviews and portfolios.
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RESULTS
Development in students’ views of mathematics
Leena
Leena’s memories of mathematics from her own school
days were mainly negative ones. As she commented:
“I had quite a bit of trouble with math from time to time” and
“math was never my favourite subject. I usually got a 6 [on a
scale of 4 to 10] in math in upper secondary school.”

Leena’s teacher in upper secondary school was a negative
role model:
“He had no idea of how to encourage and motivate us to work.
I can still remember clearly when the teacher once again got
really angry about something: He said we were hopeless and we’d
all end up unemployed when we graduated. I don’t want my pupils
to have to come to their math lessons being afraid of anything,
the way I was.”

Leena began the mathematics lessons in SD 2. At first she
reviewed concepts of geometry that pupils had in the third grade
by setting up work stations for two different halves of the class
(morning and afternoon). The stations offered a good variety of
tasks, and at one station the pupils took a diagnostic test. Leena
assessed the activity as follows:
“If I could teach these same lessons over again, I’d make some
of the workshops more challenging and perhaps add a couple
of tasks to the test. But the fact that the pupils were so
enthusiastic and involved tells me the tasks were quite successful.”

The third lesson dealt with mirror images.
“This lesson turned out to be harder for the pupils than I expected.
I started the lesson by asking pupils how many had looked at
themselves in the mirror that morning. I went on to ask what the
image reflected in the mirror is called. After that, we looked at a
picture on the overhead projector. I then told the pupils that you
can draw a mirror image of any figure on the other side of its
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symmetry line. I cut out the picture of a heart and showed them
how a mirror image of the shape I had cut was formed on the
other side of the symmetry line. I then gave out paper and scissors
to everyone and let them discover for themselves how to get a
mirror image when they cut snowflakes.”

In her portfolio, Leena brought out how she could have
done things differently:
“If I were to teach this lesson again, I’d go through the first task
in the book on the overhead projector with the children. The
problems in the book turned out to be surprisingly difficult.”

The core of Leena’s thinking is captured in the following
excerpt:
“It is no longer enough for the teacher to get up in front of the
class and lecture with the children listening. The lessons have to
be planned to be more pupil-centred for real learning to occur.
The teacher has to get to know how the pupils learn, since there
is no one right way to learn.”
“In my opinion, geometry is a topic that definitely requires an
problem-based approach… I try to operate at the concrete level
all the time when I’m teaching and to come up with active learning
methods for the pupils. I think I was quite successful here, and
the pupils were motivated during the lessons.”

The class lecturer assessed Leena’s lessons as follows:
“Leena had the most experience of all the trainees, and knew
what she was doing all the time. Extremely conscientious. The
work station activity was meticulously organised. Everything
worked extremely well. The teaching was well planned and
executed in other respects, too. If there was a little glitch in the
morning lesson, she took the supervising teacher’s comments
into account and fixed the problem in the afternoon group. She
showed a great deal of warmth towards the children and gave all
of them her attention. A very maternal teacher.”

On the self-assessment form, Leena reported that during
SD 2 she made the most progress in being able to assess the
pupils’ learning and in helping problem pupils. On one hand,
one can see influences an emphasis on active, problem-driven
and pupil-centred teaching in her pedagogical thinking. On the
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other hand, especially her third lesson was not very problemdriven and pupil-centred.
There was a clear change in Leena’s self-esteem. After SD
2, Leena described her relationship to mathematics in very
dichotomous terms:
“I’ll never become a mathematician - I’m sure of that - but I
believe I still can teach math without any trouble by creating
different learning environments and by encouraging my pupils
to work.”

It seems that, due to her memories of her own school days,
Leena does not have a particularly positive view of her own
mathematical skills but the teaching practice and work as a
substitute teacher have given her a very positive view of herself
as a mathematics teacher.
Maija
Maija’s memories of mathematics from her own school days
were always positive and her performance in the subject was
average. The most difficult content areas were calculating
percentages and the concept of the derivative. Maija had the
same teacher from grade seven through the end of upper
secondary school. She remarked:
“My teacher was really nice and encouraging but demanding
enough at the same time.”

Maija said that geometry had not given her any trouble when
she was in school. She had no previous teaching experience in
mathematics.
In SD 2, Maija continued where Leena had left off. In the
first lesson, she reviewed what the pupils had learned about angles
in the third grade:
“After the class, I was pretty satisfied. Even pupils who do not
usually show any particular interest in math eagerly started thinking
of objects that could be used to form various angles. In the
beginning, I wasn’t specific about the concepts of angle and triangle
and the difference between them. Fortunately, I noticed this early
on in the lesson and it was easy to correct.”
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Maija organised her second lesson as a work station activity. “I was
happy with how the class went in the sense that I had the courage
to try out something new and a method I wasn’t familiar with. It
was nice to see how interested the pupils were in this type of
lesson.”

In the third lesson, Maija reviewed triangles and angles, using
mainly a teacher-centred approach.
In her portfolio, Maija wrote:
“I see both good and bad aspects in the effectiveness of my
lessons. My teaching proceeded logically in the sense that I first
taught angles, making it easy to go on to triangles. Another
positive thing is that I succeeded in linking angles and triangles
to the pupils’ world of experience. We made it one of the goals
for the lessons that the pupils would learn to identify and draw
right, acute and obtuse triangles. The test I gave at the end of
the sequence showed that the pupils knew these concepts.”

All in all, Maija’s reflection on her teaching is lucid and
shows an emphasis on internalising the connection between the
concepts being taught and the link between the content dealt
with and the pupils’ world of experience.
Maija commented:
“SD 2 was much more successful and nicer teaching practice
than SD 1 was”

and explained the reasons for this:
“In SD 1 I felt incredible stress and pressure. This was because I
had very little teaching experience. In SD 2, I made good use of
cooperation we had and the materials we made during the
mathematics exercises at the University.”

The class lecturer assessed Maija’s teaching as follows:
“Maija was more outgoing than Leena and Markku. She has a
very straightforward teaching style; she is very responsible. At
first she was a bit nervous but when she got going, she was herself
in front of the class. She wasn’t afraid to depart from the lesson
plan.”

On her self-assessment form, Maija indicated that she felt
she had made the most progress in the use of pupil-centred
methods and in planning teaching. As she wrote in her portfolio:
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“I am also happy that even though it would have been easy to
teach math in a teacher-centred way, I had the courage to try out
pupil-centred approaches. Pupils learn things better by trying
them out themselves than when the teacher gives them all the
answers.”

Maija’s view of herself as a mathematics teacher changed
to become distinctly more positive during SD 2:
“I was pleasantly surprised where teaching math is concerned.
Math is a relatively straightforward subject to teach.”

Markku
Markku had a negative attitude towards mathematics,
especially in high school.
“I wasn’t terribly interested in the subject and you can see it
from my grades.”

His performance in the general curriculum courses was
average.
“I was a 7 student, and got a grade of cum laude on the
matriculation examination.”

Yet Markku considered his command of the subject to be
good enough to teach geometry:
“There was no problem (understanding the concepts of
geometry) in this teaching practice.”

Markku’s first lesson focused on the classification of
quadrilaterals. He assesses it as follows:
“The children had a chance to take part in the class by putting
the right label on the right quadrilateral but I think the result
would have been even better if they had been given a chance to
touch and make observations on quadrilaterals concretely. Then
they could have worked in pairs, say, familiarising themselves
with the shapes and looking for similarities and difference together.”

These reflections indicate that a change from a partially
teacher-centred to a more pupil-centred and active approach had
begun.
Markku’s second lesson began with a brief review. This
was followed by an active stage:
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“I gave the pupils each a slip of paper with the name of a
quadrilateral on it. Then everyone cut that shape out of a piece
of cardboard and came to the board to put it in the right box. At
the end, I made some statements about quadrilaterals and the
pupils had to decide if they were true. (For example, draw a
quadrilateral with opposite sides of equal length.) Sitting in pairs,
pupils got curious and looked at their partner’s paper. This
prompted them to think and talk about things together.”

He used the third and fourth lessons to review everything
the pupils had had in the geometry lessons.
On the whole, Markku was satisfied with the geometry
lessons he taught. He said that he had made progress in lesson
planning. Like Maija, Markku found differentiation to be difficult:
“I could have done a better job in differentiating. I basically
handled it through the homework assignments.”

Markku also saw room for improvement in trying to link
the teaching content to the pupils’ everyday life:
“We could have done this outside, looking for different kinds of
quadrilaterals from buildings and the world around us. In this
way, the subject could have been connected with architecture.”

The class lecturer assessed the lessons as follows:
“Markku had a lot of activity in them (the lessons). He’s a student
who thinks very scientifically, very well informed. He brought in
a lot of things from outside the textbook, in both math and
science lessons. Markku did not quite develop the flexibility to
deviate from the lesson plan. All in all, however, he’s a
conscientious, well-informed teacher. The pupils liked him.”

In sum, one could say that Markku’s view of mathematics
and of teaching and learning mathematics became more
sophisticated. In his portfolio, Markku presented rich reflections
on the differences among teaching approaches. Although he
seemed to have rather teacher-centred beliefs when the sequence
was being planned, his pedagogical thinking expanded during
the teaching practice, and the process continued later in his
portfolio work. SD 2 and, especially, the cooperation with other
students planted the seeds of change. After SD 2, Markku had
a positive view of himself as a mathematics teacher.
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The crucial importance of cooperation
The students worked together in planning the geometry
lessons. This took place partly during the exercises on the
mathematics course and partly on their own time. All three
students felt that the cooperation was important. Here are Leena’s
and Markku’s comments:
“The cooperation has been incredibly smooth from beginning
to end, although I didn’t know the others very well when we
started. No one was overbearing, forcing their views and opinions
on the rest of us. We tried to work everything out and take each
other’s opinions into account. We tried to give each other feedback
after the lesson – both negative and positive. You didn’t have to
worry that someone would be hurt.” (Leena)
“We were all enthusiastic and the interaction worked well.
Although I had the last lessons, the girls put in a lot of effort
into planning them …You felt safe making lesson plans when
others gave you support. Whenever there were any questions,
we went through the material together, to see what everyone
thought of it. We sometimes called each other in the evenings to
say: ‘I have a problem here and this is what I am thinking of
doing, but I wonder if it’ll work?’” (Markku)

The class lecturer, Jarkko, also thought that the cooperation
among the students went particularly smoothly: “ I haven’t seen
such a systematic and considerate group in years. The discussions
were warm and pleasant. No one was afraid to say what they
thought. Unbelievable group; the pupils miss them.”
It is important that the student starting the lessons have
experiences of success. Then the others have the courage to try
out the same didactic principles. In fact, it seems that Leena’s
and Maija’s teaching gave Markku valuable ideas. Markku in fact
commented: “The other trainees taught classes that had a lot
of activity.”
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The importance of the class lecturer
An ethics of caring is also reflected in the supervision
provided by Jarkko. This is important because the events that
take place during teaching practice are often felt to be a threat to
students’ self-esteem. The lecturer’s empathetic and determined
guidance furthered the sense of community in other respects as
well. Here is how the students assessed his work:
“I have a really positive picture of SD 2 and I think one of the
important factors was the class lecturer. Cooperation with him
was truly spectacular. I think he understood his role as
SUPERVISING teacher really well…We had a little meeting after
every lesson where the one who had taught the class got
immediate feedback. The class lecturer said what had gone
particularly well but also what needed a little work. So you always
felt good after the meeting.” (Maija)
“Truly excellent, a psychologist’s eye. You could run the lesson
on the children’s terms; you didn’t have to put on a show for the
teacher.” (Markku)

DISCUSSION AND CONCLUSIONS
It seems, that the view of mathematics of three student
teachers improved during SD 2 (and second-year studies):
Especially students’ views of him- or herself as a mathematics
teacher became more positive due to positive teaching
experiences. Maija’s and Markku’s views of teaching and
learning mathematics became richer, expanding in the direction
of a more active and pupil-centred approach. Leena, due to her
memories of her own school days, put herself the pupils’ place.
The depth and the durability of the change in students’ views
of mathematics can still only be guessed (Pietilä 2002). The
teaching practice is too short to achieve permanent change.
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The students’ speech reflects socio-constructivist rhetoric.
Each of them brought out the “pupils activity is important in
math lessons” repertoire. The approach emphasising the
development of pupils’ researcher skills and the linking of
teaching content to pupils’ everyday lives were highlighted
during the teaching practice in Leena’s and Maija’s comments
and following the practice in Markku’s portfolio. The socioconstructivist principles were more than mere rhetoric, however;
they manifested themselves in Leena’s, Maija’s and Markku’s
teaching as well, in at least one lesson. The process of teacher
change can be understood as a dialectical relationship between
beliefs and practice is important: for significant change to occur,
both beliefs and practices must change (Borko et al. 2000).
The cooperation among the students was crucial to the
development observed in their view of mathematics. They felt
both the co-planning of the mathematics lessons and the
cooperation they engaged in during the teaching practice provided
benefits, much stimulation and a sense of security. The
community engaged in negotiations in which everyone’s views
were taken into consideration. These negotiations led to shared
meanings and norms that favoured experimentation and
reflection (Putnam and Borko 2000). Cooperation among the
students resulted in a secure atmosphere: “We supported each
other if there were problems.” One can well speak of shared
emotions and an ethics of caring (Noddings 1995).
The idea of the ZPD has sometimes been criticised for
being asymmetrical. Accordingly, there is reason to emphasise
that the importance of each student was acknowledged in coplanning and cooperation during teaching practice and that even
the more experienced student, Leena, gained new insights into
her teaching from her less experienced peers. Without this kind
of symmetry one can hardly speak of fertile cooperation.
According to Putnam and Borko (2000) each participant brings
unique knowledge and beliefs to a professional learning
174
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community. While cooperation is important, autonomous
decisions also play a significant role in practice teaching. Markku
summed up the situation as follows: “Anyway, you had your
autonomy: it was terribly important that no one told you that
you had to do things in a certain way.”
In the practice class, the norms favour experimentation and
controlled taking of risks, providing a feeling of security. Students
also had the right to fail. Emotional factors are in fact central in
the development of students’ view of mathematics. The
empathetic, determined guidance of the class lecturer, Jarkko,
promoted a sense of community and sustained change. He was
scaffolding trainees’ learning.
The interviews indicate that the discourses in the practice
class did not differ significantly from the socio-constructive
discourses in the lectures and exercises of the mathematics course
at the University. The reason for this seems to be that the goals
of SD 2 and the mathematics curriculum for the practice teaching
school have been drawn up as a collaborative effort.
I have attempted to improve the plausibility of the narrative
analysis by describing student cases in detail (Riessman 1993),
so that the voices of those interviewed would be sufficiently
raised. Additionally, students and the class lecturer read and then
commented upon their personal descriptions of events.
It is my intention in future research to analyse the
cooperation that took place in three other practice classes.
Interesting data on the importance of cooperation will be
forthcoming in the practice class where the trainees include a
student who was very successful in the upper secondary advanced
mathematics curriculum and, contrastingly, a student whose
performance in the general curriculum was modest at best but
who can put herself the pupils’ place. It is also important to
construct models of the change in teacher trainees’ views of
mathematics, in order to understand deeper the relationships
between co-planning, cooperation, mentoring and professional
learning community.
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ABSTRACT
The study reported here investigated prospective primary and secondary
school teachers’ competence to solve mathematical tasks related to the division
of fractions and proportional reasoning. Further it was investigated the teacher
candidates’ knowledge about pupils’ typical errors in the tasks to be solved.
As expected the arithmetic and algebraic competence of future mathematics
teachers was both qualitatively and quantitatively better in numerical and word
problems than those of prospective primary teachers. The mathematical
weaknesses in solving numerical and word problems were reflected in the
ability to find typical errors, alternative problem solving methods and to analyze
the validity of a fraction division algorithm. This is highly problematic
considering modern teaching methods in which an effort is made to take the
pupils’ informal solution strategies and processes into account right from the
start of the teaching process. The article discusses the significance of the
results from the viewpoint of the development of both teacher education
and school mathematics.
Key words: Pre-service teacher education; mathematical and pedagogical
content knowledge; problem-solving strategies; fractions; ratio and
proportional reasoning
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1. INTRODUCTION
In the 1980’s and early 1990’s there was great demand for
change mathematics and science curricula all over the world.
Educators seem to agree that it is not enough to tell students
how things are. If we want to promote understanding,
transference and positive attitudes toward mathematics, the
teaching-learning processes should be changed to be more
problem-centered and take into account more effectively the
students’ preconceptions and informal strategies. In contrast to
the traditional classroom, the teacher is no longer the teller, but
rather the creator of problem situations and the facilitator of
classroom discussions. It is no wonder that in Finland, for
instance, it has often been asked if pre-service primary teachers
have mathematical knowledge and skills good enough to answer
these new demands in mathematics education. Further it has
been demanded that teaching mathematics in the lower grades
5-6 should be presuppose at least minor subject studies in
mathematics. In fact, most of future primary teachers have only
3-4 credits of mathematics education studies in their Master’s
degrees (160 credits). Annually only a few of them choose
mathematics either as a minor or large minor subject (15 or 35
credits). The large minor subject studies give students a
qualification to teach mathematics in the upper grades of
comprehensive school (grades 7-9, ages 13-16).
So the author was interested to inquire what kind of
mathematical skills and problem solving abilities primary teacher
candidates really have as compared to future mathematics teachers
who have studied mathematics for several years. Furthermore,
an attempt was made to find out what kind of knowledge the
teacher trainees in question have on the pupils’ typical erroneous
solutions and their correction. Thirdly, the connections between
mathematical and pedagogical content knowledge were
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investigated. Although plenty of research has been done on
teachers, very little comparative knowledge was available on the
mathematical competence of future primary and secondary
teachers and their connections with didactical content knowledge.
There were, however, two studies that had a direct relevance to
the design and implementation of the current study. In a study
by Tirosh the main aim was to provide a comprehensive
description of prospective teachers’ subject matter knowledge
and pedagogical content knowledge about the division of
fractions. It was found that the knowledge of school students’
common responses to given fraction tasks and their causes was
strongly related to prospective teachers’ subject matter knowledge
(Tirosh 2000). The other study relevant to the aims of the current
study investigated the arithmetical and algebraic problem-solving
strategies and skills of pre-service primary school and lower
secondary school teachers at the beginning and at the end of
their teaching training (van Dooren et al 2002). According to
this study lower secondary school teacher candidates clearly
preferred the use of algebra, both in their own solutions and
their evaluations of students’ solution processes. The solutions
were algebraic even when an arithmetical solution seemed more
evident. Besides some primary teacher candidates tended to apply
exclusively arithmetical methods, leading to numerous failures
on difficult word problems. Others were quite adaptive in their
strategy choices. Finally, it was observed that the evaluations of
primary teacher candidates were more closely adapted to the
nature of the task taken as a whole than those of the lower
secondary teacher candidates. These two studies had an impact
on the decision that the mathematical content of the current
study was chosen to be the division of fractions, equation
formation and proportional reasoning. Another reason was that
rational numbers and arithmetic operations with them form an
essential part of comprehensive school mathematics (e.g. Davis
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et al 1993, Mack 1990, 1995). The same applies to proportional
reasoning which has a major importance in the solving of both
everyday and scientific problems (Heller et al 1989, Post et al
1988, Tournaire & Pulos 1985). It is obvious that competent
support of understandable learning processes of rational
numbers and proportional reasoning, for instance, requires that
teachers shall have a good subject matter knowledge as well as
didactical content knowledge about the pupils’ cognitive models
and ways to take them into consideration right from the beginning
of the teaching-learning processes (Cobb et al 1991, Fennema
et al 1996, Noddings 1992, Shulman 1986).

2. METHOD
2.1. Subjects and data collection
The research data on the initial cognitive level of future
secondary and primary teachers was gathered at the beginning
of courses in the didactics of mathematics in the Department
of Educational Sciences and Teacher Education, University of
Oulu, Finland, in the spring of 2003. Each group spent about
one and a half hours doing the test. The issues studied had not
been discussed in any of the groups, so it was truly a starting
level measurement. While most of the future mathematics
teachers had already been studying mathematics for several years,
most of the future primary teachers were now participating for
the first time in an academic course on mathematics and its
teaching and learning. The number of the mathematics teacher
students was 40 students, with four students missing (age mode
24 yrs). The primary teacher students taking part in the study
were categorized into three groups based on their degree
program: the technologically oriented group (TECH, n=34, 6
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missing, age mode 21 yrs), the traditional broadly-based program
(BROAD, n=37, 3 missing, age mode 21 yrs) and the Master of
Education, International Program (INT, n=16, 7 missing, age
mode 21 yrs).

2.2. Questionnaire
The questionnaire included five sections, with the first
section designed to establish the skills of fraction division and
the knowledge on pupils’ typical erroneous solutions in numerical
tasks to be solved. The numerical tasks were following:
1/4 : 4, 4 : 1/4, 1/4 : 3/4 and 320: 1/3. The second
section contained three word fraction problems, two of which
corresponded to the numerical problems 1/4 : 4 and 4 : 1/4 in
the first section (more closely in appendix). Students were also
asked to explain what kind of erroneous expressions pupils might
typically write when solving these problems. The third section
contained a problem requiring the ability to analyze the validity
of method used in the division of fractions. These problems
were developed on the basis of Dina Tirosh’s study (2000). The
three word problems related to ratios in the fourth section
measured the ability to for mulate algebraic equations
corresponding to word problems. For instance students were
asked to write an equation corresponding the following sentence:
“In a university there is one professor per six students”. This
and two other problems in the fourth section were developed
based on the ideas presented by Clement (1982). The fifth section
examined proportional reasoning skills and strategies. First two
problems involved direct and the third one inverse
proportionality. The problems in the fifth section were developed
on the basis of basic research on proportional reasoning (Keranto
1986, 1994, Post et al 1988, Tournaire & Pulos 1985). All
problems are presented more closely in appendix.
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3. RESULTS
3.1. Mathematical content knowledge
3.1.1. Division of fractions: numerical and word problems
Technical mastery in the division of fractions was measured
with four numerical tasks: 1/4 : 4, 4 : 1/4, 1/4 : 3/4 and 320 : 1/
3. The basic arithmetic skills of prospective mathematics teachers
were much better than those of primary teacher students. While
only a few mathematics teacher candidates made errors in tasks,
thirteen of the primary teacher candidates could not get a single
problem right (15%). Similarly to Tirosh’s study, the most typical
error in the problems 1/4 : 4 and 4 : 1/4 was to multiply the
numbers by each other and end up in the result “1” in both of
the tasks. This is not only a technical error, but a fundamental
conceptual flaw. Many answers also manifested a similar error in
the task 1/4 : 3/4. The student multiplied the numbers by each
other and arrived at the result 3/16. The same erroneous scheme
in the problem 320: 1/3 led many respondents to provide the
approximation of 106.6.
As for the three word problems (more closely in appendix)
three methods were observed. In the first one it was only used
fractions and the result was given as a fraction. For instance, the
division of ¼ kilograms of chocolate into three equally large
shares was calculated as follows: ¼ : 3 = 1/12, so the result is 1/
12 kg. The second method was based on unit conversions. In
this case ¼ kg was converted into grams and was then divided
by three. In the third method, the fractions were converted
straight into decimals and the operations were performed on
them. As for the success in word problems they were done much

TAPIO KERANTO
184
better than the corresponding numerical problems. This is partly
due to the fact that fraction division by an integer or the division
of an integer by a fraction can be easily “bypassed” by using unit
conversion as appropriate. For instance, the division of ¼
kilograms of chocolate into three equally large shares, ¼ kg was
converted into grams and was then divided by three. The use of
such a strategy to replace fraction operations was far more
common among future primary teachers than among future
mathematics teachers. On the other hand, calculation methods
based on unit conversion or conversion of the fraction into a
decimal could easily lead to calculating errors. For instance, the
following calculation was made in the second problem: “1/4 kg
of chocolate = 0,25 g. Thus 0,25 : 3 = 0,0833 g”. The following
error was observed in two answers to the same problem: “1/4
kg : 3 = 1/4 * 1/3 = 1/7 kg”. However, the errors made were
usually technical rather than conceptual.

3.1.2. Success in the problem analysis of
a fraction division algorithm
In the third section of the inquiry, the prospective teachers
were asked to evaluate a method available for the division of
fractions, being however inefficient in many cases (Tirosh 2000).
In this method the numerators and denominators of fractions
are divided among themselves so that a/b : c/d = a:c / b:c. The
example that was provided was 2/9 : 1/3 = 2:1/ 9:3. The students
were asked if the procedure was acceptable and if it was, then
why. Based on an empirical problem analysis, the responses
were classified into five categories (below). The results are
summed up in the table 1.
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Table 1. Success in the problem analysis of a fraction division algorithm by
degree program.
Response level
ST MATH

0

1

2

3

4

No response

(n=40)

2
13
10
9
6
0
5%
32,5% 25% 22,5% 15% 0%
PT TECH (n=34)
6
16
7
1
0
4
18% 46% 21% 3% 0%
12%
PT BROAD (n=37)
18
11
5
0
0
3
49% 30% 13% 0%
0%
8%
PT INT
(n=16)
7
4
4
1
0
0
44% 25% 25% 6%
0%
0%
(0) unclear or erroneously claimed that the method is faulty, (1) stated in the case of the
example only that it is a mathematically correct method, (2) in addition to the above
mentioned that it is not always an efficient method (3) shown in general that it is a
mathematically correct method, (4) found in addition to the above that it is not always an
efficient method

The competence of future mathematics teachers for
problem analysis of the fraction division algorithm presented
above is noticeably better than that of any group of prospective
primary teachers. Fifteen percent of the prospective secondary
teachers have shown that the method is mathematically correct
but inefficient in certain cases. Not a single primary teacher
candidate has given an answer that is on the same level. Almost
a fourth of future secondary teachers have stated in a generally
valid manner that the method presented above is mathematically
correct, but they have not identified that it is inefficient in certain
cases. Only two prospective primary teachers have a given a
similar answer. We can also observe that almost half of the
students in the broadly based and international primary teacher
programs shared the opinion that the method is not
mathematically valid even in the individual case presented
above.
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3.1.3. Equation formation in word ratio problems
In addition to mastering the division of fractions, the
prospective teachers’ algebraic skills in formulating equations in
word ratio problems were also studied. Three problems were
presented, and one of them was the well-known professorstudent problem. Research has indicated that even in the university many students enter the numeral values into an equation in
the order in which they are presented in the formulation of the
problem (Clement 1982). In the professor-student problem, for
instance, there is the temptation to write 6 S = P or P= 6 S.
According to this equation the number of professors would be
six times the number of students, which is not even realistic. We
should write: S = 6 P or S: P = 6. Ratio equations are referred to
as “R” below. Other equations are coded as “E”. If only a ratio
expression was formulated, it is designated by “OR”. The results
are presented in a compact form in the table 2.
As expected, the prospective secondary-level mathematics
teachers’ algebraic skills to formulate valid equations for verbal
ratio problems were much superior to any of the future primary
teacher groups. This could be seen especially well in the professorstudent problem and in a problem in which five cups of coffee
(C) always corresponded to two cakes (P). In these problems
most of the primary teacher students entered the numerical values
into the equation in the order in which they appeared in the
verbal assignment. As shown in the table above, the writing of a
ratio equation usually resulted in a valid result.
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Table 2. Equation formation in word ratio problems: equation types, frequencies and solving percentages by degree program.

P = 4 S or P: S = 4
S = 6 P or S: P= 6
2C=5P or C:P=5:2
E
R
OR NN NR E
R
OR NN NR E
R
OR NN NR
ST MATH (n=40) 38
2
0
0
0
26
14
0
0
0
25
15
0
0
0
fully correct
38
2
100%
13
12
63%
10
14
60%
PT TECH (n=34) 31
2
0
0
1
25
3
5
0
1
21
2
7
1
3
fully correct
29
2
91%
7
3
29%
4
2
18%
PT BROAD (n=37) 36
1
0
0
0
25
6
6
0
0
23
6
8
0
1
Fully correct
34
1
95%
3
5
22%
0
6
16%
PT INT (n=16) 16
0
0
0
0
13
0
2
1
0
10
1
2
2
1
Fully correct
15
94%
1
6%
1
6%
E = formed equation other than ratio equation R = formed ratio equation OR = formed ratio expression NN = solving method
not known NR = no response
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3.1.4. Strategies used in word proportional problems
and success in them
In the fifth section of the questionnaire, the students had
to solve three word problems, the first two of which involved
direct proportionality. The third problem was following: “Three
brisk girls plant 24 pine saplings in 20 minutes. How long would
it take four equally brisk girls to plant these saplings?”. In this
problem students had to make use of inverse proportionality.
Each problem could be solved in a number of ways. The table 3
summarizes the observed valid strategies and the solving rates
by degree program.
As expected, the students performed much better in
problems involving direct proportionality than in the third
reasoning problem based on inverse proportionality. The most
typical strategy in the energy consumption problem was to utilize
the ratio 1200 Kj : 400 Kj = 3. The ratio between the
measurement spaces 400Kj : 20min was also used especially
among the prospective secondary teachers. As expected, the
strategy typically used in the second problem was “form a
proportion and solve the unknown in it”. This applied to all the
degree programs. Mostly used strategy in the third and most
demanding problem was to calculate firstly how long it takes for
one girl to plant one sapling. With each girl in a group of four
having to pick six saplings, the result is obtained through
multiplication 6 * 2,5 min = 15 min. On most cases the use of
this strategy led to a valid result, as can be seen in the frequencies
for “fully correct” in the table (U 1). In strategy U2 it was
determined how many saplings a single girl would have to pick
in each group. Then the proportion 24:3/ 20 = 24:4 / t was
formed. Finally it was calculated that t = 15 min. Quite a few
prospective mathematics teachers wrote directly the proportion
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Table 3. Strategies used in word proportional problems. Frequencies and solving
percentages by degree program.
t : 1200 = 20 : 400
U
ST MATH (n=40) 14
fully correct
14
PT TECHNO(n=34) 7
fully correct
7
PT BROAD (n=37) 3
fully correct
3
PT INT (n=16)
4
fully correct
4

w : 3 = 30 : 2

I

P

NN

NR

IB

P

Pc

NN

NR

17
17
20
20
25
25
9
9

9
9
6
5
4
3
1
1

0
100%
1
94%
3
83%
1
88%

0

4
4
9
9
8
7
3
3

35
35
22
21
20
20
9
8

1
1
1
1
0

0
100%
1
91%
4
73%
2
69%

0

0
2
1

0

1
5
2

U = formed unit ratio I = utilized internal number ratio P = formed proportion IB = utilized
internal or between number ratio Pc = calculated percentage UA=solving started like U1 and U2
strategies but clearly not finished NN = solving method not known NR = no response

Table 3. continues.

ST MATH (n=40)
fully correct
PT TECHNO(n=34
fully correct
PT BROAD (n=37)
fully correct
PT INT (n=16)
fully correct

U1
14
14
9
9
7
6
7
4

U2
4
3
4
3
3
3
4
4

t : 3 = 20 : 4
U3
P
UA
2
12
5
2
10
0
6
10
4
3
4
7
3
0
0
3

NN
2
73%
0
47%
2
32%
0
50%

NR
1
5
11
2
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4: 20 = 3 : t and ended up in the correct result t= 15 min. Some
of the primary teacher students also tried to solve the problem
by means of a proportion, but most of their proportions had
the faulty form of 3: 20 = 4: x . As can be seen in the table, only
five students were clever enough to use the elegant strategy U3
in which it was first determined how long it took a single girl to
plant 24 saplings (= 3 * 20 min = 60 min). In this way four girls
spend one fourth of an hour or 15 minutes to plant 24 saplings.

3.2. Pedagogical content knowledge about erroneous solutions
in fraction problems and teaching the division of fractions
3.2.1. Knowledge of pupils’ typical erroneous solutions in
numerical and word fraction problems
It has been observed that comprehensive level pupils make
many kinds of mistakes in problems, both numerical and verbal,
involving the division of fractions (Mack 1990, 1995). They are
quite similar to those observed in the teacher candidates who
took part in the current study. For instance, when solving ¼ : 4,
Table 4. Knowledge of typical erroneous solutions used by pupils in numerical and word
fraction problems by degree program.
Numerical problems

Verbal problems

0
1
2
NR
Total 0
1
2
ST MATH n
16
4
20
0
40
7
5
27
%
40
10
50
0
100 17,5 12,5 67,5
PT
n
28
2
2
2
34
14
3
14
TECH
%
82
6
6
6
100 41
9
41
PT
n
34
1
0
2
37
15
10
10
BROAD %
92
3
0
5
100 41
27
27
PT INT n
10
4
1
1
16
7
4
4
%
63
25
6
6
100 44
25
25
0 if a valid example not presented for a single problem, 1 if for one problem,
2 if a valid example was given for at least two problems, NR=no response

NR
1
2,5
3
9
2
5
1
6

Total
40
100
34
100
37
100
16
100
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they perform multiplication by 4, while they should divide. In
the problem 4: ¼, they multiply by 1/4, while they should multiply
by its inverse. Similar problems have been noticed in comparable
word problems, if the pupil tries to solve the problem with
fractions and does not make use of available unit conversion.
The table 4 sums up the students’ knowledge of typical erroneous
solutions.
We can observe that erroneous solutions have been
suggested relatively much more often to verbal problems than
to numerical problems (scores 1 and 2). Among the secondary
teacher candidates, 60 % provided at least one typical erroneous
solution to numerical problems, and 80 % to verbal problems.
The corresponding percentages among the future primary
teachers ranged from 3 to 31 % and 50 to 54 %. In word
problems, which were solved nearly equally well by the various
groups, the difference between the future secondary and primary
teachers was not so marked as in the purely numerical problems.
Yet the differences are still quite obvious, more than thirty per
cent at the minimum.

3.2.2. Knowledge of approaches to teach
the division of fractions
The teaching of fraction division has traditionally made
use of visual models related to measurement division and the
following rule: multiply the dividend by the inverse of the divisor.
The students’ answers were classified into four categories that
become apparent from the table 5.
The distributions of the responses among the various
groups are similar. Most of the students gave a general answer,
talking about either teaching or illustrating the rule. Only a few
students referred to the measurement division by means of which
it is possible to make the division of an integer with a fraction

ST n
MATH %
PT n
TECH %
PT n
BROAD %
PT n
INT %

Position
unclear
0
0
2
6
8
22
4
25

General
talk
on
teaching or
concretizing
the rule
33
82,5
21
61
24
65
10
63

Illustration
or general
talk on
concretization
and
teaching
the rule
4
10
6
18
3
8
1
6

Table 5. Knowledge of teaching of fraction division

Illustration
and talk on
teaching
No response
the rule
1
2
2,5
5
1
4
3
12
0
2
0
5
0
1
0
6
S
40
100
34
100
37
100
16
100
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understandable. Here is an example of such an answer: “I would
put emphasis on the calculation order and, instead of just the
calculation routine, I would think “how many times does ¼ go
into four” and so on. And then the calculation routine.”
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3.3. Pedagogical content knowledge related to equation
formation and proportional reasoning
In the fourth section it was measured the ability to
formulate algebraic equations corresponding to word problems.
Besides it was asked what kind of erroneous equations pupils
might formulate and what could be the cause of such errors.
The following table sums up the results.
Table 6. Knowledge of typical erroneous equations
0
ST MATH n 4
%
10
PT n
13
TECH %
38
PT n
17
BROAD % 46
PT INT n
12
%
75

1
13
32,5
9
26
6
16
2
12,5

2
22
55
5
15
7
19
0
0

NR
1
2,5
7
21
7
19
2
12,5

Total
40
100
34
100
37
100
16
100

0 if typical errors not presented for a single problem, 1 if for one problem,
2 if a typical error presented for at least two problems, NR=no response

In each group of primary teachers less than 20 % of these
students could present a typical erroneous equation for at least
two verbal problems. Among the secondary teacher candidates,
55 % were capable of doing it. The result shows the significance
of competent mathematical skills. If you cannot solve the
problems yourself, which was the case with most primary
teachers, you cannot present possible erroneous conclusions,
either. An even greater difference was observed in the knowledge
of alternative strategies available in word proportionality
problems. As only two primary teacher students provided an
alternative solving strategy for one of the three problems, the
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results were not even tabulated. 23 % of the secondary teacher
candidates achieved a similar performance. In addition to this,
28 % of them provided an alternative solving strategy for at
least two of the three problems. This represents the most
significant difference between future primary and secondary
teachers in this study, reflecting a marked difference in their
mathematical competence.

3.4. Connection between mathematical and pedagogical content
knowledge of erroneous solutions and their correction
One would expect the level of mathematical competence
to show in didactical content knowledge. For instance, if a person has weaknesses in the division of fractions, he or she is
hardly able to find typical erroneous solutions. The connections
were studied through cross-tabulations and by using factor
analysis based on correlations. Cross-tabulations showed
consistently that good arithmetic skills were a necessary but not
sufficient condition for knowing typical erroneous solutions in
numerical fraction problems and for the ability to evaluate the
validity of the fraction algorithm presented above. Those students
who couldn’t solve numerical fraction problems, didn’t mention
any typical erroneous solutions in corresponding problems.
Besides a fraction algorithm mentioned above was kept invalid.
On the other hand good technical skills in fraction division did
not lead necessary to valid answers in didactical questions. Many
students who solved rightly numerical fraction divisions, did not
mention any typical errors made by pupils. Further in Varimax
rotation of three factors (n=79, 10 variables), the sum variables
describing the mathematical and didactical knowledge of fraction
division were loaded, as expected, on the first factor (cumulative
40 %). The sum variables describing success in word
proportionality problems and knowledge of different solving
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strategies were also placed on the second factor (cumulative
52,8 %). The third factor attracted the sum variables describing
the skills of equation formation in word ratio problems and
knowledge of typical erroneous solutions for them (cumulative
64,0 %). These results are consistent with other observations
and refer to the good construct validity of the measurement
instrument.

4. CONCLUSIONS
So far as the contents studied here are concerned, most of
the mathematics teacher candidates had good initial skills to solve
both numerical and word problems. On the other hand many
primary teacher candidates’ had clear difficulties even in basic
numerical problems. These mathematical weaknesses were
reflected in their ability to find typical errors and alternative
problem solving methods and to analyze the validity of a fraction
division algorithm. This is highly problematic, if we consider
modern teaching strategies in which the pupils’ problem solving
models should be taken into account and corrected from the
very beginning of the learning process. But does the results
obtained in study only apply to the division of fractions and
proportional reasoning ? Based on the diagnostic tests and other
experiences made by the author, this is not a question of a
particular case but a more general lack of initial mathematical
skills that should be taken into consideration when the
mathematical studies are planned for primary teacher education.
If the situation is not corrected in academic studies, there is the
danger that teaching practices once led to rote learning and
forgetting of things are repeated again. So it can be raised some
questions concerning primary teacher education.
Should we presuppose certain mathematical skills and
knowledge at entry to the courses of mathematics? How could
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we help and confirm that these necessary skills are attained
before the courses? What kind of mathematical and didactical
competence, if any should we demand at the end of the courses?
Further, it would be important to know, how best to integrate
mathematical and didactical content knowledge with each other.
If we do not take into account geometry, the solving processes
on the primary level are basically arithmetic, while on the upper
level of comprehensive school the pupils are introduced to
algebraic presentation and solving methods. It is obvious that
competent support of meaningful learning processes of
arithmetic and algebraic skills requires that the teachers shall have
a good conceptual and procedural knowledge as well as an
understanding and mastery of algebraic thinking. Otherwise there
will be difficulties in analyzing pupils’ solutions and correcting
them as we saw above. So how could we confirm that future
primary and secondary school teachers will get necessary
mathematical and didactical competences? According to Dina
Tirosh study it could be a good idea to introduce in the core
material problems such as these to be solved: (a) How would
you explain to your pupils why 5/3 : 1/3 = 5?, Why 2/3 : 1/6 =
4 ? (b) How would you correct if the pupils reason as follows in
a liquid mixture problem: “Can A is filled with 3 dl juice
concentrate and 4 l water. We should have an equally strong juice
in can B, so we pour 4 dl of concentrate in it, as it already has 5
l of water.”? In this way both the mathematical and didactical
content knowledge can be developed simultaneously. Appropriate
problems are used to guide the teacher candidates to consider
the problematic points in each content to be learnt, as well as
alternative problem solving methods and their utilization in
teaching (Even & Tirosh 1995, Tirosh 2000). This could be
supplemented with theoretically based analyses of learning
materials and interviews with pupils as the author has done for
many years in the primary teacher education. In the same context
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pupils’ written and other productions can be subjected to
analysis like van Dooren et al did in their study (2002). In this
way research on the teaching and learning of mathematics could
be dealt with in pre-service education.
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APPENDIX
Problems in the test arranged in the spring of 2003 in University of Oulu, Finland

Section I
There are four mathematical problems below.
(1)

¼ :4

(2) 4 : ¼

(3)

¼ : ¾

(4) 320 : 1/3

A Do the math!
B What kind of errors would you expect comprehensive school pupils
to make in these problems? List the errors!

Section II
There are three word problems below.
(1) A stick with a length of five meters is divided into 15 equal parts.
What is the length of each part?
(2) Three fellows bought ¼ kilograms of chocolate and divided it evenly
between themselves. How much chocolate did each one of them get?
(3) Six kilograms of cheese is wrapped up in packages of ¼ kilograms.
How many packages are needed?
A Write out the corresponding mathematical operation, do the math
and write the result!
B What kind of erroneous expressions would you expect comprehensive
school pupils to write? List them!

Section III
John claims that the best way to divide a fraction by another
fraction is to divide the numerators and denominators between
themselves in such way that, e.g., 2/9 : 1/3 = 2:1 / 9:3. Is the
procedure suggested by John acceptable? Why?
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Section IV
An essential part of school mathematics is to learn to
formulate equations with certain conditions prevailing.
(1) The circumference P of a square is four times the length S of one
side of the square.
(2) In a university there is one professor per six students. Write out an
equation in which the number of students is represented by S and
that of the professors by P!
(3) In a cafe, two cakes are sold per every five cups of coffee. Represent
the numbers of cups and cakes with C and P!
A Write out an equation corresponding to each situation above!
B What kind of equations would you expect secondary school pupils to
write in each case? Distinguish between valid and invalid equations.
Make a list of them!

Section I
There are three problems below:
(1) One hamburger contains 1200 KJ of energy. How long should you
walk to consume this amount of energy, if it takes 20 minutes to
consume 400 KJ?
(2) 2 dl of concentrated juice and 3 l of water is poured into can A, while
3 dl of concentrated juice is poured into can B. How many litres of
water needs to poured into can B to make the mixtures in both cans
equally strong?
(3) Three brisk girls plant 24 pine saplings in 20 minutes. How long
would it take four equally brisk girls to plant these saplings?
A Write out the expression or equation, do the math and supply the
result!
B Which different valid ways have do you find to solve the problems?
Make a list of them!
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ABSTRACT
The purpose of this study was to examine the influence of teaching practice
in mathematics in the upper grades of comprehensive school on pre-service
primary teachers’ views of mathematics, particularly on their interest in
teaching mathematics in grades 7-9. The 13 participants in this study were
primary teacher students (N=13) who were attending teaching practice during
the academic years 2001-2002 and 2002-2003 while pursuing a master’s degree
in education at the University of Helsinki. The research material consisted
of portfolios in which these students recorded their experiences of teaching
practice. An analysis of these portfolios indicates that participation in teaching
practice has a positive influence on teacher students’ views of mathematics.
Many students wrote that teaching in upper grades of comprehensive school
can be interesting and pleasant and that it is much like teaching in lower
grades of comprehensive school. They reported that they had become more
confident of their future success as subject teachers of mathematics.
Key words: pre-service primary teachers, view of mathematics, teaching
practice, minor subject studies in mathematics
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1. INTRODUCTION
The Department of Teacher Education of the University
of Helsinki offers study programmes leading to the degree of
Master of Education. Primary school teachers get qualification
to teach grades 1-6 (age 7-12) at comprehensive school.
Prospective primary teachers can choose either two minor
subjects (both 15 credits each) or one minor subject (normally
35 credits) into their Masters degree. In mathematics, the 35credit option consists of minor studies (15 credits), subject studies
(18 credits) and mathematics education (2 credits). Subject studies
are located in Department of Mathematics, while studies in
mathematics education are located in Department of Teacher
Education.
Completion of the 35-credit option qualifies teachers to
give instruction in mathematics not only to primary school
students, but also to students in the upper grades of
comprehensive school (grades 7-9, ages ca. 14-16). For this
reason, teaching practice in grades 7-9 has been included in the
mathematics education course (2 credits) since the academic year
2000-2001. The two-credit teaching practice module in
mathematics consists of 10 hours of observing lessons in
different classes, 5 hours of teaching in pairs in one class, 3-5
hours of group sessions (for example “Use calculators in your
teaching”, “How to know your pupils well?” and “How to
motivate and active pupils”) and writing a portfolio. The teaching
practice module is completed in University practice school.
This study of the influence of teaching practice in the upper
grades of comprehensive school on prospective teachers’ view
of mathematics was undertaken for several reasons. At the
University of Helsinki, teaching practice in the upper grades of
comprehensive school is provided only for prospective primary
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teachers who are completing the 35-unit option in mathematics.
For this reason, it is important that the practice experience that
prospective teachers gain in teaching mathematics can also be
taken into account in considering teaching practice in other
subjects as well. Another reason is that since the Finnish
government intends to phase in a nationwide system of
comprehensive schools that will include all classes from grades
1-9, these schools will likely be interested in hiring teachers who
are competent and willing to teach both in lower and upper grades
of comprehensive school. In addition, there is a current shortage
of mathematics teachers. Training primary teachers who are also
able to teach mathematics in the upper grades of comprehensive
school could provide some relief to this problem.
In anticipation of these trends, this study undertook to
examine pre-service primary teachers’ experiences in teaching
practice in mathematics in grades 7-9 of comprehensive school
and to assess the influence of these experiences on students’
views of mathematics.

2. THE VIEW OF MATHEMATICS
One’s view of mathematics develops with exposure to
different experiences with mathematics in interaction with
affective, cognitive and conative factors (e.g. Op ‘t Eynde, De
Corte & Verschaffel, 1999). Emotions, beliefs, conceptions and
attitudes work as regulating mechanisms in the formation of
one’s view of mathematics. In addition, learning requires the
development of cognitive aptitudes, such as understanding,
identification, thinking, evaluation and reasoning, as well as
conscious goal-oriented aspirations and activities. On the other
hand a student’s view of mathematics also influences his or her
understanding, decisions, affective reactions and actions, for
example in different mathematics-related learning situations
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(Schoenfeld, 1985). In addition, self-concept is of great
significance in the formation of the view of mathematics (cf.
McLeod, 1992).
One’s view of mathematics is therefore defined here to be
a combination of knowledge (e.g. Shulman, 1986), beliefs and
conceptions (e.g. Thompson, 1992) as well as attitudes and
emotions (e.g. McLeod, 1992) that develop with exposure to
different experiences of mathematics. In this study the model
of the view of mathematics (Pietilä, 2002) was developed to
describe the formation and development of the view of primary
teacher student who has chosen mathematics as her/his minor
subject (Figure 1).
The view of mathematics consists of two parts: knowledge,
beliefs, conceptions, attitudes and emotions about
1) oneself as a learner and subject teacher of mathematics in upper
grades of comprehensive school, and
2) mathematics and its teaching and learning in upper grades of
comprehensive school.

Both parts can be divided into smaller parts. The second
part includes, among other things, views about how teaching
should be organised and what the roles of teacher and pupils
are.
Different kinds of experiences related to mathematics are
of central importance in the formation and development of one’s
view of mathematics. A model for personal experiential knowing
presented by Malinen (2000) was modified to model the
formation of one’s view of mathematics (cf. Pietilä, 2002). One’s
view of mathematics consists of a hard core, which contains the
persons’ most fundamental views, and a protective belt, which
contains more flexible views (cf. Green 1971: the psychological
centrality of beliefs; Kaplan, 1991: deep and surface beliefs).
One’s mathematics experiences need to penetrate to the hard
core in order to change one’s view of mathematics in an essential
way.
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Mathematics
studies in
primary teacher
education

Media
Experiences at
school

THE VIEW OF MATHEMATICS

(knowledge, beliefs, conceptions,
attitudes and emotions)
OF ONESELF AS
- a learner

OF COMPREHENSIVE
SCHOOL MATHEMATICS
- What is it like?

Teaching practice
Subject studies in
mathematics

Figure 1. A model for the formation of a teacher student’s
view of mathematics
Former experiences (or rather the situations that are linked
with them) are marked in the model so that their arrow reaches
the hard core of the view of mathematics. This is based on the
reasoning that experiences as a pupil in school have influenced a
student’s view of mathematics before teaching practice. One
example of the mechanisms of this influence is the fact that if
students’ study of mathematics at school is textbook-centred,
mathematics is naturally considered to be merely computation
(cf. Schoenfeld, 1985). Students have carried out studies in their
primary teacher training that are related to mathematics teaching
and learning. Everyone has completed a mathematics methods
course in their first study year and teaching practice in lower
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grades of comprehensive school in their second or third year.
These university studies might also have left their mark on
prospective teachers’ views of what it is like to teach mathematics
in the upper grades of comprehensive school (cf. Pietilä, 2002).
In addition, it is possible that media has influenced prospective
teachers’ views of students during puberty.
Experiences during minor subject studies in mathematics
(or rather the situations that are linked with them) are marked in
the model without arrows. Student might have meaningful
experiences at least during their subject studies in mathematics
and in teaching practice.

3. METHOD
All of the participants in this study were prospective primary
school teachers (N=13) who had completed minor studies in
mathematics and were in the process of completing the 35-credit
option for minor studies. These students participated in teaching
practice in the upper grades of comprehensive school and wrote
their portfolios during academic years 2001-2002 and 2002-2003
in the University of Helsinki. The research material consists of
students’ portfolios, which include reflections on their aims,
hopes, fears, etc. for the teaching practice, their analyses of the
lessons observed and the group sessions participated, analyses
of their own lessons and reflections on their teaching practice.
The research material was analysed using an inductive
classification technique (Miles & Huberman, 1984). The
portfolios were read many times for the purpose of identifying
common features (meaning units). Thereafter, the contents of
the meaning units were identified and recorded.
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4. TEACHING PRACTICE AS AN
INFLUENTIAL FACTOR
The following section describes the students’ views of
mathematics at the beginning of the teaching practice. The
second part is devoted to a discussion of their reports of
significant aspects of their teaching practice.

4.1. Students’ views of mathematics at the beginning of the
teaching practice
Student teachers’ views of mathematics at the beginning
of their teaching practice were identified on the basis of the
goals they had set for themselves and recorded in their portfolios.
Generally speaking, the prospective teachers’ views of themselves
as subject teachers and learners of mathematics in upper grades
of comprehensive school were not positive. They assumed that
they would not be able to interact “correctly” with their students
because their prior experiences as teachers had been only with
younger children in primary school. They were also afraid that
they could not cope with these students. In addition, they were
insecure about their knowledge of mathematical contents and
effective teaching methods.
Students’ views of mathematics and its teaching and learning
in upper grades of comprehensive school were not positive either.
Many portfolios contained statements that reflected concerns
that upper secondary school pupils are so difficult that the
prospect of teaching them is frightening. Based on their own
experiences of mathematics instruction in school, the prospective
teachers also assumed that teachers should avoid using
manipulatives in their teaching at this level. They assumed that
their students were too old for that. In addition, they assumed
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that their work as subject teachers would be restricted only to
teaching and would therefore be monotonous.
Many of these prejudices can be seen in the following
portfolio excerpts:
“Overcoming my fear to teach in the upper grades of secondary
school became my most important objective in participating in
teaching practice.” (Merja)
”For a long time I have though that if I ever worked as a subject
teacher, I would definitely like to teach either in a college or in
the lower grades of comprehensive school, but under no
circumstances in the upper grades of comprehensive school.
The thought of motivating pimple-faced and self-centred pupils
during puberty to study mathematics did not appeal to me. I
would prefer to teach the subject matter by using concrete
materials and everyday life situations in the lower grades of
comprehensive school or by discussing in a sensible way with
people who are almost adults, with college students.” (Sanna)

4.2. Benefits of teaching practice
Students noticed during teaching practice that pupils in the
upper grades of comprehensive school are quite normal and
that they hardly differ from pupils in grades 1-6. Students felt
that they could cope with these adolescents and noticed that
they did not have to be afraid of them. Quite to the contrary:
the portfolio statements indicated that they enjoyed teaching
pupils in that age group.
”In addition, I got the feeling that – contrary to the common
assumption – adolescents can be a nice and rewarding age group
to teach.” (Johanna)

Students felt that they would be successful teachers of
mathematics in grades 7-9. They felt their pupils participated
rather attentively in the instruction and that they had understood
the topics that had been covered. Feedback from the supervising
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teachers was also supportive, and conversations after lessons were
considered to be useful (cf. Atjonen, 2003; Väisänen, 2003).
”I am pleased with the teaching practice in mathematics. I think
that the lessons were successful and I also felt that the pupils
seemed to understand. In addition, the feedback from the lessons
was constructive and supportive.” (Aino)

Many students felt that their performance as prospective
primary school teachers was at least as good as that of subject
teacher students’ who were participating in teaching practice at
the same time. Some primary teacher students believed that they
had acquired better skills to do “good teaching”, i.e. that they
were able to use concrete materials and pupil-centred teaching
methods in their teaching better than subject teacher students
were. Other students expressed the opinion that they had a talent
for teaching (cf. Weiner, 1986). They appreciated the positive
feedback they received from teachers.
“We, as primary teacher students, and our way of teaching were
greatly admired in the University practice school, and one of the
teachers advised the subject teacher students to observe our
lessons.” (Sanna)
“During teaching practice, I observed many lessons that were
given by subject teacher students. I regretted that these lessons
were not pupil-centred or innovative… It would have been
interesting to observe lessons given by primary teacher students.
I think that their teaching would have been different.” (Katja)

Students wrote in their portfolio statements that teaching
in lower and upper comprehensive school was quite similar. They
found that they were able to use games and different
manipulatives in their teaching. Students recognised that pupils
needed concrete materials to understand the subject matter and
that pupils were even enthusiastic about them (cf. Pietilä, 2002).
“During the teaching practice, it was nice to see that teaching is
actually quite the same whether you are teaching 1st graders or
9th graders.” (Reetta)
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“This was perhaps my biggest insight besides all the subject
didactics. As at lower levels concretisation was needed in the
upper grades of comprehensive school. It was necessary to
motivate, activate and use manipulatives in the same way.” (Niina)
“When we were studying solids, pupils were enthusiastic to build
towers with different blocks. In the same way, with older pupils
you can use concrete materials as example and it is not too
childish. (Veera)

Some prospective teachers learned more about teaching.
They had an opportunity to discuss mathematics with their pupils
and they thought that it was important to do so. It was something
they had not done very much with younger children.
“In addition, I learned new aspects of communication with pupils.
Above all, pupils’ suggestions and thoughts should be given space
and time.” (Johanna)

Prospective teachers gained new perspectives on the work
of subject teachers. Many had thought at the beginning of their
teaching practice that work as a subject teacher was monotonous,
purely teaching. During the practice they noticed many benefits
of the work, for example that subject teacher had an opportunity
to concentrate in one subject. Some of them even considered
becoming subject teachers.
In addition the work of a subject teacher appeared in a
positive light.
“ I noticed that when you can concentrate in one subject, whose
contents you master, you can focus on the choice of contents
and different teaching methods. In addition, you can get a deeper understanding of the pupils’ prior knowledge, misconceptions
and skills.” (Sanna)
“Teaching was nice and I have considered becoming a
mathematics teacher. On the other hand work as primary teacher
is very many-sided. So I need to consider…” (Katja)

Working in pairs during the teaching practice was considered
to be important, as it had opened new insights to teaching
mathematics and given necessary support in planning and
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teaching (cf. Atjonen, 2003). Students had felt more secure in
front of their pupils when working as pairs. In addition,
prospective students felt that they received good feedback from
their team-mates.
“In this teaching practice I felt that my teaching practice partner
was extremely important. When we were planning lessons and
telling our ideas to each other we had to think and give reasons
for many of our pedagogical and didactical ideas. When you teach
alone, your choices are often based on routines that are rarely
questioned.” (Maria)

Students considered their teaching practice useful for them
as future teachers (cf. Jyrhämä, 2000). They felt that they had
been introduced to many methods and skills to teach mathematics
in the upper grades of comprehensive school. Subject studies
in mathematics were not considered to be as beneficial from the
perspective of teaching mathematics at school. It seems that
students do not have ability to make necessary connections
between pure mathematics and school mathematics.
“If I should end up teaching in the upper grades of
comprehensive school, the most beneficial part of the
mathematics studies was this 2-credit mathematics education
part… I don’t feel that there is the same kind of benefit from
the course in linear algebra.” (Johanna)

5. CONCLUSIONS
It was interesting to discover that students had quite
different views of teaching mathematics in the lower and upper
grades of comprehensive school at the beginning of teaching
practice. Mathematics and its teaching in lower grades of
comprehensive school were considered to be pleasant, active and
concrete (Pietilä, 2002), but difficult and even frightening in the
upper grades of comprehensive school. Therefore, it seems that
mathematics studies in primary teacher education had had much
less influence on future teacher’s views of upper comprehensive
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school mathematics than their own school experiences and the
picture that media gives them of secondary school pupils during
puberty.
There may be several reasons for this. We do not easily
forget our own school experiences. Teachers teach the way they
have been taught and assume that pupils learn like they did
(Stoddart, Connel, Stofflett & Peek, 1993). As their own
mathematics lessons in school had been mostly calculating and
they had learned mathematics well, it is natural that our
prospective teachers believed that their pupils learned best also
by calculating. Mathematics studies in primary teacher education
had convinced them of the importance of concretisation.
However, pupils in the upper grades of comprehensive school
were so old that our future teachers assumed that their needs
were different from those of primary school pupils. An additional
possible explanation for this preconception is that it is possible
to have various views for different situations. According to Green
(1971) beliefs are in clusters that are not necessarily in interaction
with each other, and that may even be contradictory at the same
time.
Teaching practice had a positive influence on teacher
students’ views of mathematics in general. Students’ views of
themselves as mathematics teachers in the upper grades of
comprehensive school underwent some changes. Students
became more confident about their teaching as subject teachers.
This was important because self-confidence plays a central role
of students’ views of mathematics (cf. McLeod, 1992). Their
views of mathematics and its teaching in the upper grades of
comprehensive school also became more positive. Students wrote
after teaching practice that teaching in the upper grades of
comprehensive school was pleasant and many-faceted, like
teaching in the lower grades of comprehensive school.

THE INFLUENCE OF TEACHING PRACTICE IN MATHEMATICS 213
Teaching practice had also a positive influence on students’
views of mathematics. Students considered teaching practice as
the most beneficial part of their minor subject studies in
mathematics. It would therefore be important to study the
influence of subject studies in mathematics on students’ views
of mathematics in greater detail. According to the students,
teaching practice gave them insight into the reality of teaching
mathematics in the upper grades of comprehensive school and
helped them to make their decision to teach in upper grades of
comprehensive school based on experience, not on prejudices.
As result, comprehensive schools might attract new teachers who
are willing to teach in both lower and upper grades of
comprehensive school. Because of the positive experiences in
mathematics reported by future teachers consideration should
be given to providing teaching practice in other minor subjects
as well. It is however important to plan the teaching practice
well in advance and find willing supervisors, for their role in
success is very important (eg. Väisänen, 2003).
Because the teaching practice was so short, it is reasonable
to ask whether the changes are permanent i.e. if the experiences
were able to penetrate into the hard core of students’ views of
mathematics (cf. Malinen, 2000). During teaching practice,
students are able to integrate theory and practice, which,
according to research, increases the possibilities for change (eg.
Kagan, 1992). It would be interesting to follow students’ views
of mathematics over a longer time. It would also be interesting
to find out how many primary teachers who have studied larger
minor studies in mathematics actually teach mathematics in grades
7-9 of comprehensive school. In addition, it would be interesting
in future to compare students’ experiences in teaching practice
in different subject.
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”There are 16 big stones and 8 blocks…”
A report on different strategies in solving
the division problem 16.8 ÷ 2.4
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ABSTRACT
The purpose of this study was to examine different strategies that students
used in solving the division problem 16.8 ÷ 2.4. The study was carried out
with sixth grade comprehensive school students (N=138) and students in
vocational education with different backgrounds (N=165). The results show
that students find division problems involving decimal fractions very difficult
to solve. Students used a variety of different division strategies, only some
of which were useful. It seems essential for students to understand the
distinction between quotative and partitive division in order to have a deeper
understanding of division in general.

Key Words: quotitive and partitive division, division strategies, understanding
division
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1. INTRODUCTION
We are interested in the teaching and learning of division
in school because previous research has shown that even
secondary school children and adults have misconceptions about
division (Simon, 1993; Huhtala, 2002). Division is the most
complex operation children have to learn in primary school (in
Finland: grades 1-6). There are many reasons for this.
Multiplication and division are second-level operations that are
based on addition and subtraction. Because division is taught as
the inverse of multiplication, an understanding of division
requires an understanding of multiplication. Thirdly, dividing
with two digit number requires an ability to estimate. Finally,
within the models of equal groups and equal measures two
aspects of division can be differentiated: quotitive (how many
sevens in 28) and partitive (28 shared between 7) division. (e.g.
Anghileri, 2001; Greer, 1992)
Most division problems in context are found in the model
of equal groups and involve either measurement (quotation) or
sharing (partition). In the case of measurement problems, the
divisor indicates the number of elements of each subunit,
whereas the quotient gives the number of sets. From this point
of view, dividing means grouping or repeated subtracting. In the
case of partitive problems, the number of subsets is known and
the problem is to find the number of elements per set. Here, the
process of dividing suggests a sharing procedure. Prior research
has shown the problems that are caused by the fact that partitive
division is the child’s intuitive model for division, whereas the
quotitive method is acquired through instruction (Fischbein, Deri,
Nello & Marino, 1985). It is possible that the weaker students
don’t understand the quotitive model.
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Pre-school children have initial concepts of division.
Children are able to share although they are unaware of the
mathematical components of sharing (Squire & Bryant, 2002).
Evidence has been found for the negative effect of traditional
algorithm instruction on efficient mental strategies for
multiplication and division examples (Heirdsfield, Cooper,
Mulligan & Irons, 1999). For this reason, it is important to
support children’s understanding of division by using
manipulatives and concrete situations so that they can develop
different mental strategies before they learn long division
algorithm.

2. DIVISION STRATEGIES
People can use very different strategies in solving division
problems. Some of them are useful and some of them are
misleading. It is important that teachers support and develop
useful strategies for division. Prior research has identified the
following useful strategies (e.g. Heirdsfield et al., 1999; Neuman,
1999):
1) several different counting strategies
· skip counting: the division problem 24 ÷ 4 is solved by counting 4, 8,
12,…, or 24, 20, 16,…
· repeated addition and subtraction: the problem 24 ÷ 4 is solved by
adding 4 + 4 + 4 …= 24 or by subtraction 24 – 4 – 4 …= 0
· chunks: 42 ÷ 6 is solved by using the knowledge that 4 x 6 = 24 or that
12 + 12 = 24
· halving and doubling: 24 ÷ 4 is solved by first calculating half of 24
and then half of 12
2) using a basic fact: the division problem is solved by using a known
division fact (24 ÷ 4 = 6, because 6 x 4 = 24) or a derived fact (since
5 x 4 = 20, so 6 x 4 = 24 and 24 ÷ 4 = 6)
3) using place values: digits are first separated into place values then the
students proceed from left to right (100 ÷ 5 = 20 because 10 ÷ 5 = 2
and 0 ÷ 5 = 0)
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4) holistic strategies: for example, an effort is made to solve the problem
168 ÷ 21 by trial and error by multiplying 21 by some number that
produces 168 as the result. Could it be 7? No. I’ll try 8. Yes, that’s
right.)

Students also use many misleading strategies in attempts to
solve division problems. These strategies usually develop
gradually. Learning should involve editing and improving
preliminary conceptions about division so that solution strategies
are better “located” with respect to the area of experience for
which they are suitable. A learner should, for example, be able
to deal with rational numbers in a different way than with natural
numbers (cf. Vosniadou, 1994: a synthetic model).
Because pupils’ conceptions of division have not developed
in a desirable way and they have not been able to restructure
their prior knowledge, they develop a variety of misleading
strategies (cf. mini-theories: Claxton, 1993; Huhtala & Laine,
2004):
1) One must always divide the bigger number by the smaller one (Hart,
1981).
2) Multiplication always makes bigger and division always makes smaller
(Bell, Swan & Taylor, 1981; Graeber & Campbell, 1991).
3) You get the same result regardless of whether you divide the numerator
by the denominator or the other way around (Huhtala, 2000).
4) You can operate with the digits independently: 84 ÷ 14 = 81 because
8 ÷ 1 = 8 and 4 ÷ 4 = 1 (Anghileri, Beishuizen & van Putten, 2002).

The purpose of our study was to see what different
strategies students used in solving the division problem 16.8 ÷
2.4. In addition, we wanted to compare the understanding of
division among students attending 6th grade of comprehensive
school, on the other hand, and those attending vocational school,
on the other hand. In this study we mean by “understanding
division” that students can use the numbers in a sensible way
and connect the calculation to a real-life situation.
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3. METHOD
Our research material consisted of solutions to the division
problem 16.8 ÷ 2.4 and was collected as part of two different
studies. The first study was carried out in autumn 2002 with 138
pupils (age 12, grade six) and their teachers (Huhtala & Laine,
2004) and the second one in spring 2003 with 165 students in
vocational education in the beginning of their studies. Students
in vocational education had different educational backgrounds:
55 were secondary school graduates (age 18-20), 58 had finished
comprehensive school (age 16), and 52 were adult students.
We created a form that required students express a given
calculation as a word problem, draw a picture of the situation
(required of sixth graders only) and make the calculation. We
used an inductive categorisation technique (Miles & Huberman,
1984) to analyse the data. We grouped the data into different
categories depending on the method the students used in order
to solve the problem. After preliminary categorisation we
interviewed some sixth grade students to get a deeper
understanding of their thinking.
In our results we refer to different groups of students using
following abbreviations: sixth graders (SG), secondary school
graduates (SSG), comprehensive school based students (CSS)
and adult students (AS).

4. DIFFERENT WAYS TO UNDERSTAND
DECIMAL FRACTIONS
When we examined the students’ answers, we noticed that
they had understood decimal fractions in at least three different
ways. One interesting finding was that all three kinds of solutions
were represented in our four student groups. Some of the
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students had invented ways to illustrate the wholes and the parts in
the decimal fraction, as the following examples illustrate:
“There are 16 big stones and 8 blocks in the yard. A house
manager throws 2 big stones and 4 blocks away. How many of
them still remain?” (CSS)
“A chocolate bar which has 16.8 pieces (one piece had been bitten
off) is divided into chocolate sticks which have 2.4 pieces. How
many sticks do you get?” (SG)

Other students had invented an unreal situation. They for
example used decimal fractions to describe people.
“There are 16 students and 8 teachers (16.8) in the class. The
headmaster comes and gives 2 prizes to 2 students and 4 teachers
(2.4). How many are left without a prize?” (SG)
“I have 16.8 hectares of land. According to statistics, I will give
birth to 2.4 children. How many hectares they will get?” (SSG)

Most of the students who were able to solve the division
problem correctly had connected decimal fractions to some units
of measurement. It was a way to understand the division in a
concrete situation. However not all of these solutions were
realistic.
”Petri has a ruler which is 16.8 cm long. He wants to cut it into
pieces that are 2.4 cm in length. How many pieces does he have
in his hands after the cutting operation?” (SG)
”You have 16.8 litres of medicine. You can give 2.4 ml per person to a group of persons. How many imaginary persons could
receive the medicine?” (AS)
“16.8% of the squares in a patchwork quilt are checked squares
and 2.4% are striped squares. What percentage of the squares in
the patchwork quilt consists of squares of one colour?” (SSG)

5.1. Correct solution
Table 1 presents the percentages of students in different
groups that solved the problem 16.8 ÷ 2.4 correctly and received
7 as their answer.
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Table 1. Correct solution1
Students
Correct solution
SG (N=138)
18%
CSS (N=58)
24%
SSG (N=55)
35%
AS (N=52)
27%

Dividing one decimal fraction by another decimal fraction
is usually taught to children in the sixth grade. Because we
conducted our test in autumn, they had not yet learned how to
solve this kind of problem. We were interested in seeing how
many sixth grades could solve it with reasoning and therefore
show a deep understanding of division. We noted with interest
that the only significant difference beyond the 5% level (chisquare test) between any of the four groups in their ability to
solve the problem was that between secondary school graduates
and sixth graders. Thus only secondary school graduates could
solve the problem better than sixth graders, who had not yet
been taught this kind of division.
We were especially interested in finding out what kind of
solution strategies were used by those sixth graders who solved
the problem correctly. All these students understood that this is
a quotitive division situation. Students had invented situations
which included the idea of “how many times something goes
into something”. Only one student had used a situation “how
many times more”:
“Ismo has 16.8 chocolate bars and Anni has 2.4. They both want
to give bars to their classmates. How many times more bars does
Ismo have than Anni?”

Students used several different strategies in solving the
problem. Some of them used skip counting (cf. Heirdsfield et al.,
1999; Neuman, 1999) which can be seen in the next example,
where the student solved the problem by counting 2.4, 4.8, 7.2…
Abbreviations: sixth graders (SG), secondary school graduates (SSG),
comprehensive school based students (CSS) and adult students (AS).
1
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“I have 16.8 euros. I put these coins into piles that contain 2.4
euros each. How many piles do I get?”

Figure 1. Example of skip counting strategy
Another typical solution strategy was to use repeated addition
(cf. Heirdsfield et al., 1999; Neuman, 1999). In most of the papers
you could even see the calculations, as the following example
shows.
“There are 16.8 litres of milk. You should divide it by 2.4 litres.
How many do you get?”

Figure 2. Example of repeated addition strategy
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Some students tried to solve the problem using a holistic
strategy (cf. Heirdsfield et al., 1999; Neuman, 1999). In the
following example the student removed the decimal points and
estimated how many times 24 is included in 168.
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“Joni has 168 biscuits. He gives 24 of his classmates an equal
amount. How many biscuits does everybody get?”

5.2. Solution 8.2
The most typical wrong answer to the division problem
16.8 ÷ 2.4 was 8.2. Table 2 shows that the proportion of students
giving this answer was approximately the same in all four groups
of students.
Students
SG (N=138)
CSS (N=58)
SSG (N=55)
AS (N=52)

Solution 8.2
36%
45%
40%
48%

Table 2. Solution 8.2
Many students had understood the division correctly and
referred to a quotitive division situation in their word problem,
but they had calculated the answer incorrectly.
Some students had not understood the difference between
quotitive and partitive division. It is even possible that these
students had a schema for partitive division only. These students
were mostly sixth graders.
“Kalle has 16.8 apples. He divides them into 2.4 parts. How many
are in one part?” (SG)

Although many students answered 8.2, we noticed that
several different strategies were used in arriving at this answer.
The most common strategy was probably “operating with the digits
independently” (cf. Anghileri et al., 2002). Students had divided 16
÷ 2 = 8 and 8 ÷ 4 = 2 and received the answer 8.2. Some of the
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students wanted to give meaning to the decimal part (0.2) in
their answer, as the following example illustrates:
“Children divide a 16.8 kg bag of candy into 2.4 kg bags. How
many bags do they get? How much is left over?”

Students answer was:
8.2 (which means 8 bags with 2 kg left over)

Many students used two different strategies in their solutions
(cf. Vinner, 1999: different schemas). All of them received their
answer by using the strategy “operating with the digits
independently”, but they used different kinds of thinking in their
word problem. Some of the students used an approach in their
word problem which could be called “dividing in half ”. Here, the
students seem to have ignored the decimal (0.4) in their
calculation.
”Matti had 16.8 euros. He had to pay half of his debt.” (CSS)
“16.8 donuts are divided in half. How many donuts are left over?”
(SG)

Figure 3. Dividing in half in the answer 8,2

Many students used the word subtraction in their word
problem:
“There are 16.8 litres of paint and 2.4 litres of paste. How much
more paint is there than paste?” (SG)
”16.8 minutes remained to do a task that took only 2.4 minutes.
So there were 8.2 minutes extra time left.” (AS)
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5.3. Other solutions
Students had a total of 36 different solutions to this
problem, ranging from 1 to 19.2. Sixth graders invented the
greatest variety of solutions. The difference between secondary
school graduates and sixth graders and between comprehensive
school based students and sixth graders was statistically significant
beyond the 5% level (chi-square test). Many students did not
answer the question at all. The amounts of other solutions and
empty papers in the four groups of students are given in Table
3. In this section we will present most common solutions.
Table 3. Other solutions and empty papers
Students
Other solutions
SG (N=138)
25%
CSS (N=58)
10%
SSG (N=55)
9%
AS (N=52)
14%

Empty
21%
21%
16%
12%

Some of the students divided 16.8 in half (half of 16 is 8
and half of 8 is 4) and obtained 8.4 as the answer. These students
failed to take into account the fractional part (0.4) in their

Figure 4. Dividing in half to obtain 8.4 as the answer
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calculations. The following picture illustrates this logic quite
nicely:
”There was 16.8, which was divided in half. How much was left
over?” (SG)

Some students obtained 13.2 or 03.2 or 3.2 as their answers.
In an interview one 6th grade student explained her thinking in
this way: first she calculated that 16 ÷ 2 = 13 and then that 8 ÷ 4
= 2. The answer was then 13.2. The answers 03.2 and 3.2 were
obtained by applying a different logic. Students may have used
quotitive division and solved the problem like this: two is included
in one zero times, two is included in six three times and four is
included in eight two times.
One student used addition in his word problem and in his
calculation, and he arrived at 19.2 as the answer.
“There was a mean 16.8 and a mean 2.4. How much they are together?”
(SG)

Some students wrote down 14.4 as their answer. One of
them used subtraction both in her word problem and in her
calculation.
“There were 16.8 litres of Coca-Cola and 2.4 litres of Fanta. How much
more Coca-Cola is there than Fanta?” (SG)

The rest of the students who had 14.4 as their answer used
two different schemas (cf. Vinner, 1999) in their solutions: division
in the word problem and subtraction in the calculation.
“A board 16.8 cm long is divided into 2.4 parts. How long is one
board after the division?” (CSS)
“There are 16.8 litres of juice on a shelf. It is poured into bottles
that contain 2.4 litres. How many bottles are needed? (SG)

5. DISCUSSION AND CONCLUSIONS
The division task 16.8 ÷ 2.4 proved to be very difficult in
every group of students and the student’s ability to solve this
task was generally quite poor. Only the group of secondary school
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graduates in vocational education had better success in solving
this problem better than the sixth graders. Sixth graders had not
yet been taught this kind of situation. What does this tell us
about teaching this subject?
In order to solve division problems of this kind, it seems
essential that students are able to differentiate between quotitive
and partitive division and to choose among various strategies in
solving different kinds of tasks (cf. Neumann, 1999). These
insights, when formulated as goals of primary school education,
places many demands on schools and mathematics teachers.
Teaching should stress a number of different division situations
that are connected to real life and can be practised with concrete
materials. Mathematics tasks in school are usually pure
calculations or word problems. It would be interesting to see
what results teachers would have if they used tasks similar to
that presented in this paper: pupils invent a word problem to
suit a given calculation and draw a picture. This procedure would
also provide teachers useful material to evaluate pupils’
understanding (cf. Neumann, 1999; Anghileri et al., 2002).
In our study, students used a variety of strategies to solve
this division problem. Students who solved the problem
successfully had used skip counting, repeated addition or holistic
strategies. The most common incorrect answer, 8.2, was obtained
by operating with the digits independently (cf. Anghileri et al.,
2002). The method of separating digits into place values and
dividing then from left to right one digit at a time is taught to
students in order to solve problems of the type 2468 ÷ 2. Under
these circumstances, some students transform this method into
a kind of mini-theory, which they then also apply across the
board in solving problems involving decimal fractions (cf.
Claxton, 1993). Later on, when dividing with decimal fractions
is taught in school, these students do not see or understand any
reason to change their previous knowledge or strategy, and no
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conceptual changes take place in their thinking (cf. Vosniadou,
1994). From this point of view, teachers should examine these
situations together with their students in an effort to help them
understand that it is not possible to use the strategy of “dividing
with digits independently” with decimal fractions.
Because of their prior familiarity with the strategy of
“dividing with digits independenly” the students are tempted to
apply it to solve division problems involving decimal fractions
similar to the task we used here (16.8 ÷2.4). From this point of
view, one might say that this task was a kind of “trap”. We believe
that at least some students would have chosen different strategies
if the numbers in the task would have been different. Perhaps
there would also have been more empty papers.
Some researchers suggest that there is no direct correspondence between the structure of a problem and the method a
student uses to solve it (Anghileri, 2001). Students are able to
select a method independent of the problem type, relying instead
on one which seems best suited to the numbers. It is therefore
possible that students attempt to use partitive division approach
to solve a problem that is expressed in quotative terms, being
guided to do so by the numbers they see. In addition, many
students seem to have had one strategy in mind when they
formulated the word problem, but used another when they
calculated the answer. These students may have performed the
task using two different schemas they invented a word problem
that is connected to real life, but then calculated mechanically
without connecting the calculation to the word problem. (cf.
Vinner, 1999)
It is also probable that these students used additional
strategies in trying to solve this problem that we were unable to
detect. Students’ thought processes could be reconstructed better
on the basis of in-depth interviews than by simple analysis of
their written tasks. In addition, students’ understandings of what
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decimal fractions are also influences their solutions to problems
involving decimal fractions, and having a correct or fuller
understanding will help to lead them to use correct division
strategies. From this point of view, it would be interesting to
take a closer look at students’ understanding of the concept of
decimal fractions.
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ABSTRACT
Primary student teachers’ attitudes toward teaching of physics topics were
studied in two ways. First their attitude toward teaching of physics was
compared to those of science, mathematics and mother tongue using a
semantic differential method. Secondly, they were asked to answer questions
concerning their difficulties in teaching a topic involving weight of air and
what kind of help they would need from their studies related to physics.
Teaching of physics topics and mathematics was rated lower than teaching
of science and mother tongue. Difficulty and perceived nature of mathematics
and physics seem to explain much of the unpopularity of these subjects. This
conclusion is supported by the student teachers’ concerns about teaching of
physics topics. Three quarters of them complained that their knowledge in
physics is very poor. Student teachers’ negative attitude toward teaching of
physics topics seems to be linked with their poor subject knowledge. Therefore,
their science education studies in physics should be concentrated on a few
basic topics with the aim that the student teachers would see the unity of
various phenomena and the coherence of the explanations and also to help
the student teachers to find meaningful ways to change pupils’ misconceptions.
Keywords: Primary teacher education; Attitudes towards physics
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1. INTRODUCTION
It is well known that physics is not among the most liked
school subjects (Ahtee 1990, Osborne, Simon & Collins 2003).
Ahtee & Rikkinen (1995) used semantic differential analysis to
study the first year primary student teachers’ attitudes towards
school geography, biology, chemistry and physics. They found
that on the other hand the students’ attitudes towards geography
and biology and on the other hand towards chemistry and physics
separated into two groups. The students perceived geography
and biology at school interesting, gripping and important whereas
they considered physics and chemistry theoretical and
complicated. Especially girls’ attitudes toward science change to
negative during the school years. According to 17-year old females
science is relatively useless in everyday life. They describe school
science contents to be “facts to memorize” and “boring” (Kahle
& Lakes 1983). Häussler, Hoffman, Langeheine, Rost & Sievers
(1998) identified three groups of students with distinctly different
interest patterns. Type A student is rather interested in everything
that is going on in the physics class; type B student like more the
practical side of physics and also in learning something about
how physics can be used to serve mankind and how natural
phenomena can be explained. Type C student is most likely a girl
and she is interested in physics only when it is obvious to her
that it has something to do with her own experience or with her
life situation. She is eager to learn something about natural
phenomena and how they can be explained. She is interested in
mother tongue and art.
Student teachers enter their study programmes with
conceptions of teaching and also of what is good science teaching
(Skamp & Mueller 2001). According to Gunstone & Northfield
(1994) it is important that student teachers first recognize their
relevant ideas and beliefs. Shulman (1987) introduced the concept
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of pedagogical content knowledge (PCK) in analysing teachers’
knowledge. This concept has alternative definitions and various
extents but altogether, it refers to teachers’ interpretation and
transformation of subject-matter knowledge in the context of
facilitating pupil learning. Particular interest has been focussed
on adequate subject knowledge because the lack of it has been
seen as barrier to better science teaching (Halim & Meerah 2002;
Smith 1999).
The ultimate purpose of this study was thus to find how
we could change the primary student teachers’ images of physics
and start to look at teaching of physics topics from a different
point of view from that how they had experienced it themselves
at school. This is especially important at present as according to
the new curriculum teaching of physics as a separate subject in
the fifth and sixth grades will come into force in 2004. Gardner
(1985) found that the most important factor affecting pupils’
attitude towards science is what kind of science teaching pupils
have experienced.
Ryan (2003) comments about the primary student teachers
who have studied at least one science subject up to the age of 16
years that while they had a negative view of their secondary school
science experience, it was often dislike of the way they were
taught rather than of science itself. We also wanted to check the
student teachers’ attitudes towards teaching of physics topics
especially as related to teaching of science. Secondly, we wanted
to find out how student teachers react when their view of teaching
of physics is immersed in a possible real example. Thus this
study contains two parts. The first part concentrates on studying
primary student teachers’ attitudes towards teaching. The second
part deals with how the primary student teachers perceive
difficulties and worries about teaching a physics topic.
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• How do the primary teacher students feel about teaching physics topic
within science before they have started their studies in science
education?
• What kind of ideas and worries do they have about teaching a physics
topic after they have seen one example of planning a teaching session?

2. METHODOLOGY
Subjects were 89 students (mostly, 79%, women) at the
University of Jyväskylä starting their second year studies in
primary teacher education when also their science didactics
studies began containing mostly studies in biology and geography.
During their first year they had undertaken basic pedagogical
studies and some subject studies like language and mathematics.
Only 17% of all the students had studied physics at upper
secondary level more than the one compulsory course. They had
not started their training in school. They were divided into five
groups as teaching contained also practical tasks.
At the start of the three hour teaching session the students
completed a semantic differential questionnaire with 20 bipolar
adjective pairs about their attitudes towards teaching of physics,
mother tongue, mathematics and science. The semantic
differential (SD) is a method of observing and measuring the
connotative meaning of concepts (Osgood, Suci & Tannenbaum
1967). In this study the meaning of an attitude toward a teaching
subject includes the respondents’ feelings, opinions, beliefs and
appreciations which they have mainly formed at school during
their compulsory education. The basic idea with the semantic
differential method is that even if everyone sees things a little
bit differently, there will be a common core of meaning in the
concepts (Nyberg & Clark 1982). However, as Kerlinger (1975,
571) states one cannot always be sure of the relevance because
the meanings are rich and complex. The scoring adopted was
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+2, +1, 0, -1, -2 with high positive scores signifying a positive
attitude.
To analyse in more detail what would make teaching physics
least popular, the bipolar adjectives were grouped in four broad
categories with five pairs in each:
· Level of Difficulty: easy/ difficult, self-evident/ abstract,
commonplace/ mystical, simple/ complicated, productive/ trivial.
· Perceived Value: valuable/ worthless, profound/ superficial, wise/
foolish, selfish/ unselfish, sublime/ ridiculous.
· Perceived Nature: free/ compulsory, open/ closed, creative/ noncreative, cheerful/ sad, broadening/ constricting.
· Level of Interest and Involvement: interesting/ boring, gripping/
undesirable, active/ passive, social/ individual, practical/ theoretical.

After that the student teachers were introduced to teaching
of a physics topic. It was started with a demonstration in which
two empty air balloons were hung in balance on a stick. The
students were asked to predict and give reasons as to what would
happen when one of the balloons was blown up. The
demonstration was then completed and explained. This teaching
method followed closely the POE (Prediction-ObservationExplanation) method introduced by White & Gunstone (1992).
After that the student teachers’ perceived difficulties and needs
were probed with two questions. In the first question the students
were asked what kind of difficulties they thought they might
have in teaching physics topics. The second question concentrated
on the support and help the students would need from their
science education studies especially in relation to physics.
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3. RESULTS
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Student teachers’ attitudes
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Figure 1. The profiles of the student teachers’ opinions about teaching
physics topics compared to teaching of science, mathematics and mother
tongue.

The polar adjectives and the corresponding semantic
profiles are shown in figure 1. The averages of the ratings for
each adjective pair are joined together to make the differences
between the subjects clearer. However, it should be noticed that
there may be two points of view competing when the student
teachers are choosing their answers: the meaning from a more
general viewpoint or the meaning from the student teacher’s
personal viewpoint.
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Table 1. The mean values of the student teachers’ ratings for the different
teaching subjects.
Physics
-0.05

Science
0.76

Mathematics Mother tongue
0.30
0.72

As can be seen from Fig. 2 the student teachers regard
teaching of all subjects difficult. The teaching of physics topics
is valued lower than teaching of science, mathematics and mother
tongue. The perceived nature of teaching physics topics and
mathematics are both lower than teaching science and mother
tongue. The same tendency is seen in the level of interest and
involvement even though the polarisation is not so strong.

Difficulty

Nature

Interest

Value

2

1

0

-1
Physics

Science

Mathematics

Mother tongue

Figure 2. The mean values of the student teachers’ opinions in the four
categories Level of Difficulty, Perceived Nature, Level of Interest and
Involvement and Perceived Value.
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It is easy to see that all subjects are regarded valuable to
teach but physics less valuable than the others. Mathematics
and physics are somewhat less interesting, less active and less
social than science and mother tongue. Student teachers perceive
nature of teaching physics and mathematics different from
nature of science and mother tongue which are thus seen as
free, open, creative and broadening.
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Student teachers’ difficulties and needs
Student teachers’ main difficulties and needs are collected
in Table 2. About half of the students expressed their main
difficulty as a lack of knowledge stating that they have to know
more about the topic to be able to teach it. I am not confident with
my subject knowledge in physics. Also a trace of complaints could be
noticed in some answers. One student teacher, for example,
Table 2. The student teachers’ main difficulties and needs.
Difficulties
Lack of knowledge
To explain and give examples
Lack of motivation
to identify misconceptions

Needs
More content knowledge
Help with demonstrations and experiments
How to motivate

expressed her worry in a general level: Where is the limit what a
teacher has to know? On the other hand, two student teachers
belittled difficulties. The one stated: The topic should be found
from the textbook, and the other: No more problems when I now know.
The lack of knowledge was repeated in the answers to the
second question when nearly 60% of the students pointed out
that they would need more content knowledge in their studies.
They claimed that they did not know even the basic facts. They
wanted repetition from what had been taught at school or asked
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information as to where to get knowledge and deeper
understanding about basic phenomena and concepts. The general
feeling was that most of the student teachers realized that they
would have problems in explaining physics phenomena. One
has to become properly familiar with the topic before one can teach it. In
a few answers it was implied that physics knowledge should be
connected to teaching methods, but also that teaching should be
restricted only to the essentials, and it should be presented in a
clear and simple form as in the following two examples: Clear
explanations without complicated formulae. Only the facts which are especially
important to know.
About 40% of the student teachers wrote that they would
have difficulties to explain and give examples of abstract scientific
phenomena to the pupils. About 20% of the students paid
attention to the fact that it is difficult to teach if you cannot
demonstrate the phenomenon in a concrete way e.g. how air acts
in real life situations. How could I give deep and simple reasons? It is
important to demonstrate otherwise learning will stay superficial.
When the student teachers commented about the support
needed 65% of them wanted help with demonstrations and
experiments. How to demonstrate and explain the abstract concepts? I
am not clever enough to invent concrete examples for 10 year old ones.
Even that in the pedagogical studies much attention has
been paid to pupils’ thinking and misconceptions in a general
level less than 10% of the students focussed on these in their
answers. I shall certainly teach misconceptions because I do not notice that
they are misconceptions. Instead over 10% of the student teachers
were worried about and wanted help in how to answer pupils’
questions. I cannot answer all the questions pupils may ask.
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Only a few student teachers (4%) realized and were
worried about their own interest toward physics, and/or were
worried how to get pupils interested in physics topics like these
two students: Because I am not very interested, I do not find creativeness
to plan teaching. How to be inspiring when I am not very keen myself?
The student teachers really concentrated in answering the
questions and wrote mostly whole sentences as can be noticed
from the quotations. Only 4% of the student teachers did not
give any answer to these questions. The students did not pay
attention to learning situation, which is understandable as they
had not had any teaching practice yet.
242

4. DISCUSSION AND CONCLUSIONS
Looking at the results concerning the student teachers’
attitudes it is obvious that it is of utmost importance that the
science educators responsible about the physics courses have to
pay special attention to the promotion of favourable attitudes
towards teaching of physics topics. The majority (90%) of the
female teacher students had studied only the compulsory courses
in physics (Ahtee 2003) and it is also known that female students
often lack the confidence in teaching physics. Furthermore, they
are afraid of tasks that are unfamiliar, difficult, or perceived to
require high ability (Oakes, 1990), whereas they seem to like
instructions that permit them to interact with others (Baker &
Leary, 1995). However, as Osborne et al. (2003) point out that
there is an apparent contradiction between students’ attitudes
towards science in general and their attitudes towards school
science. Students’ attitudes towards science itself are positive
whereas their attitudes towards school science vary with the
specific sciences so that the relevance of the physical sciences is
difficult for students to identify. According to Ebenezer & Zoller
(1993) 16 year old US students thought science in school to be
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valuable (72%) and important (73%) but boring (40%). Osborne
et al. (2003) also refer to a large-scale market research survey in
the UK in which it was found that students aged 14-16 rated
science as “important” or “very important” in everyday life (87%),
and saw it useful (68%) and interesting (58%).
According to Ebenezer & Zoller (1993) the message
presented by school science is that science is somehow
disconnected from society and that it is simply studied for its
own sake. Osborne et al. (2003) conclude that it is the difference
between the high-tech and socially relevant perception of science
held by students and the more theoretical, decontextualized version of school science transmitted by teachers that prevents
effective communication. Lemke (2001) argues that changing
students’ minds requires more than introducing them the bare
facts, logical structure and epistemology.
The difficulties and needs expressed in the student teachers’
answers were the lack of knowledge, which influences especially
the possibility to answer pupils’ questions and to give good
explanations. The student teachers were also worried about
finding proper demonstrations and experiments. A few of the
student teachers referred also to the problem of making physics
interesting to pupils. These worries coincide with the findings
of Skamp & Mueller (2001) who studied student teachers’
conceptions about good primary science teaching. Among these
were: knows science content, involves students in hands-on
experimenting, can explain ideas clearly, uses motivating
approaches and inspires a love for science, makes science fun.
The student teachers were concerned about their own lack
of knowledge in the field of physics. Also, for example, Trumper
(1997) has found that primary teachers’ science knowledge base
is deficient. Ginns & Watters (1995) argue that primary teachers
should have a sound conceptual knowledge base in order to
implement effective problem-solving strategies in the primary
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science classroom. This is based on the criteria for using the
constructivist learning model in a science classroom (Yager 1991).
That means to seek out and use students’ questions, ideas and
thinking to guide learning experiences, accept and encourage
student initiation of ideas, encourage students to challenge each
other’s conceptualizations and ideas, and encourage self-analysis
and collection of real evidence to support ideas and
reformulation of ideas in the light of new experience and
evidence. The challenge is, therefore, to identify and implement
appropriate strategies in science instruction in teacher education
courses that will develop the problem-solving skills of students.
We argue here that the student teachers somewhat negative
attitudes towards teaching of physics topics are mainly due to
the lack of subject understanding and the negative experience
they have from their own school time. However, when the student
teachers feel the topic relevant and important they are ready to
work for it. Research has demonstrated that interest has a
powerful facilitative effect on cognitive functioning. Its influence
on academic performance has been established across individuals,
knowledge domains, and subject areas (see for example Hidi &
Harackiewicz 2000).
The answers of the student teachers when they commented
their own needs in physics education implicated that they were
willing to work. Osborne et al. (2003) point out that more
attention should be paid at increasing situational and extrinsic
interest. That includes especially improving the “quality” of
students’ experience by providing opportunities for personal
autonomy. Osborne et al. (2003) refer to the concept “task value”
introduced by Eccles & Wigfield (1995). Task value means the
degree to which an individual believes that a particular task is
able to fulfil personal needs or goals. It consists of three
components: interest, or the enjoyment that a student derives
from engaging in a task; importance, or the degree to which a
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student believes it is important to do well on a task; and utility,
or the degree to which a student thinks a task is useful in reaching
some future goal.
Mulholland & Wallace (2003) point out that it is tempting
for science educators to describe novice generalist teachers, and
thus also primary student teachers, as having limited ability to
teach science. They stress that a more productive view would
be to explore ways in which better understanding of primary
teachers’ work as a whole can be achieved. They argue that in
most occasions the misconception is of little importance when
children are interested and start to build the understanding of a
concept. We want, however, warn that students teachers’ efforts
to teach physics topics will be hindered by their lack of subject
knowledge. Also student teachers’ other interests may win when
there is a limited time to be used for planning the teaching of a
physics topic. For example, Goodrum, Cousins & Kinnear (1992)
found that few teachers were prepared to find ideas in a variety
of books and collecting and replacing materials when science is
not a high priority.

5. IMPLICATIONS
Ryan (2003) found in his study that the student teachers
developed a very positive view of primary science teaching and
that their view was embedded in their primary teaching ideology
rather than within a science framework. He suggests that this is
a more effective way to move forward than dealing with negative
attitude to physics. Rather than starting with theoretical frames
and going to the school context, the approach should be to start
with the work in school and to ask students to talk through their
decisions in choosing and carrying out the tasks. The topics
should be such that the student teachers see the relevance with
their future work as class teachers and the tasks should be
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introduced mainly at qualitative level avoiding the conventional
notations and complicated calculations. The idea should be to
concentrate only on a few simple basic topics in connection of
which the students will see the unity with other phenomena and
the coherence of the explanations. Some students were
wondering Why does air has weight? when they answered the
questionnaire questions. This shows that they have not fully
understood what matter is but it is a good sign as it shows that
the students are now asking the fundamental questions which
their school science should have addressed. Another interesting
comment was the following: I have never really thought properly what
are the reasons for different phenomena. I have dealt with the things as
small details, not as a whole. This student has realized in the
connection of the simple problem about the weight of the blown
balloon that there are many things which are related to the final
solution. However, the topics should be such that are dealt at
primary level. The student teachers are able and according to
our experience they are also eager to go further in trying to
understand the explanation and to see all the factors effecting in
a phenomenon in different situations. In their writings the student
teachers clearly appreciated the strengths that are available in
physics teaching like many surprising phenomena and everyday
applications. In the physics lessons there are many opportunities
to pupils’ own activities. The simple demonstrations and
investigations encourage pupils to make observations, raise
questions, hypothesize, discuss, and argue. It is easy to plan good
lessons when pupils are interested and active.
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From many aspects it is important that student teachers
start as early as possible during their studies to think how they
can combine the subject knowledge and pedagogical knowledge
in different teaching items. The constructivist learning model
challenges the student teachers to identify and implement
appropriate strategies in physics instruction so that they can help
pupils by finding meaningful ways to take into account pupils’
misconceptions and utilize ways for changing them. One should,
however, keep in mind that the quality not quantity is important
in focussing on both subject knowledge and pedagogical content
knowledge. As Gogolin & Swartz (1992) have concluded it is
possible to change attitudes toward science with exposure to
science, but that the direction of change may be related to the
quality of that exposure.
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ABSTRACT
The design of an effective laboratory assessment program is extremely
important in science education. One component of the program is the
development of appropriate assessment tasks and formats that enable students
to demonstrate their laboratory working skills. The assessment formats can
be student focused or teacher directed e.g. demonstrations. Student focused
assessment formats include for example lab skills checklists, portfolios, self,
pair and peer evaluations and graphic organisers like concept maps and Venn
diagrams. In a laboratory assessment program, a lab skills checklist is an easy
way to start off with. Student focused assessment formats can also be
performance based like different kinds of skills tasks and investigations. Skills
tasks require students to demonstrate and display proficiency in manipulative
skills, such as measuring, using apparatus and instruments, reading information
from graphs and tables and observing and following specific procedures.
Investigations are more demanding than skills tasks. In investigations students
must analyse a problem plan, indicate the variables to be measured, gather
data, organise their results and communicate their findings. This paper presents
an example of a lab skills checklist (lab licence) and assessment formats for
skills task and investigation.
Key Words: chemistry education, skills task, investigation, lab licence,
laboratory assessment formats
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1. INTRODUCTION
A necessary requirement for assessment instruments and
tasks is that they be able to collect information that is consistent,
informative, reliable and valid for all students. In addition,
especially in natural sciences, we ought to accommodate
assessment instruments to measure both knowledge and skills.
To select the appropriate task formats, we have to ask what is
the purpose and use of assessment, the domain of knowledge
and skills the assessment will measure, and how we score student
responses and communicate their achievement. The questions
we have to ask are, for example,
·
·
·
·
·
·
·
·

how can I use this assessment in my classroom?
what information will the assessment provide to students?
how will this assessment promote students’ learning?
what content and skills need to be taught before the assessment task
is administered?
what materials and equipment are needed?
will the task require students to work individually, in pairs, or in small
groups?
what kind of assistance or intervention should I provide to students
and how should I treat these interventions in scoring the task?
how will students communicate their achievement?

(Doran, Chan, Tamir & Lenhardt 2002, 12-14.)
Teachers can develop new assessments individually or
collaboratively. Collaboration in small groups provides an
opportunity to share expertise from diverse viewpoints. It is
important to think how assessment can promote learning. One
possibility is to include the students in the process of planning
assessment tasks together with the teacher, or to let the students
themselves assess the process of carrying out the individual tasks
and the outcomes of the assessment, such as tests and research
reports. It is obvious that the students’ interest in the subject
and their appreciation of it can be increased using a number of
versatile ways of assessment and a number of different
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assessment tools. As assessment can also be used to influence
the quality of learning (“what you test is what you get”, e.g. Takala 1997, 103), it is important that the understanding and
application of knowledge and skills are evaluated in a number
of different ways and in varying situations. In addition, learning
science involves not only learning to control process and apply
content knowledge but also learning group work skills and
experimental work methods. Therefore, the assessment of the
latter is necessary for the improvement of the quality of learning
(see e.g. Meisalo, Erätuuli & Capaccio 1990; Keys, Hand, Vaughn
& Collins 1999; Hofstein, Shore & Kipnis 2004).
The assessment of learning is also determined by the
national curriculum. In 1999, the Finnish Board of Education
issued a set of standards for good learning achievement by the
end of the comprehensive school in order to improve equality
among the students nation-wide. Among other things, the
standards consist of criteria written for good command of
content knowledge for the different school subjects. In chemistry
and physics education, good knowledge also includes lab skills.
From the present writer’s viewpoint these skills, may be regarded
as a starting-point in the development of assessing experimental
instruction in the following way. In the final evaluation of
comprehensive school, the skills of experimental work can be
viewed as forming a hierarchy which falls into three levels of
difficulty. The first level involves learning safety in work practices
and knowledge of chemical symbols and the use of lab
instruments and equipment (lab skills checklist, e.g. lab licence).
The second level consists of practice in making observations
and following instructions (skills tasks), and finally, the third level
contains practice in the design of a chemical experiment, carrying
out an experiment and presenting and interpreting the results
(investigations). The idea of science instruction progressing
through contingent phases is an in-built principle also in the
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new national chemistry and physics curricula (The new
curriculum must be in use in comprehensive schools by 1 August 2006, http://www.oph.fi; Ahtineva & Havonen 2003).
The purpose of this paper is to suggest a few examples for
the evaluation of laboratory work at the three above mentioned
levels of difficulty. These examples are: a lab skills checklist to
start with (7th grade), an assessment format for analysing a skills
task (8th grade) for the second level of difficulty, and an
assessment format for analysing an investigation task (upper
secondary school) for evaluation of laboratory work at the third,
and most demanding, level. Moreover, this paper presents a
scoring guide for laboratory report (cf. Doran et. al. 2003), which
may be modified and used both at lower and upper secondary
school levels.

2. LABORATORY ASSESSMENT FORMATS
2.1 Lab licence
In our diverse classrooms, where students arrive with
different experiences and backgrounds, one must ensure that all
students are aware of safety, terminology and how they are
required to use some apparatus and instruments in laboratory.
For this purpose, students employ cards (lab licence) enlisting
the steps to be carried out at the initial phases of the chemistry
study. Each student has his or her individual lab licence which
the teacher grades for each mastered skill or item of knowledge.
The card accompanies the student to the next chemistry course
so that the teacher taking over has a clear picture of the student’s
previous knowledge and skills. According to the curricula, a lab
licence accepted for use at the beginning or end of grade 7 in
the Finnish comprehensive school might contain the skills and
knowledge shown in appendix A.
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2.2 Assessment formats for skills tasks
Making observations can be practised by carrying out
simple observation tasks, and following instructions can be
practised by e.g. working according to tasks of the recipe format.
The observations made may then quite naturally be recorded
in a table. The observations can be recorded in a notebook and
the students are given written feedback on the recorded
observations by assessing the notebooks from time to time.
The observations matrices may be presented as graphs and they
can be used as practice for making inferences. For example, a
chemistry class may consist of a teacher-controlled series of
experiments about factors affecting dissolving. The students
record their observations and write notes in their notebooks
concerning the experimental conditions and observed results
of each individual experiment. The class then compares the
records and discusses the kind of conclusions that can be drawn
on the basis of the observations.
While a number of students, e.g. student pairs are at work
following instructions of a simple recipe format task, they may
be assessed on the task itself, i.e. following instructions, but also
on group work skills, on attending to lab work safety regulations
and on their skills of instrument recognition and use (cf. Meisalo
et. al. 1990, 19-21, Criteria for final evaluation at the end of
basic education in Finland 1999, 75-76). The work of students
with a recipe format task can be observed by the teacher using a
structured observation format (see e.g. Appendix B).
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In one case of assessing 8th grade students (n = 24) at the soap
work, the results of observation (Appendix B) showed that
approximately half of the students were uncertain about the
instruction, safety rules and about how to handle instruments
and reagents, whereas they seemed to be comfortable with
working in pairs in laboratory. After the observed laboratory
work the outcomes of the assessments were discussed with the
students. The discussions focused on how to improve the working
behaviour in the observed sectors of evaluation.

It is also possible that not only the teacher assesses the
students’ work but also the students may evaluate their own work
and sometimes even their peers’ work. The results of the
evaluations are then compared and possible improvement of
work skills are discussed and suggested.

2.3 Assessment formats for investigations
Investigations are the most important activities in inquiry
oriented science lessons. Carrying out investigations and
evaluating them is not possible without previous experimental
skills and also prior assessment of skills. In investigations,
students devise experiments, gather data, organise their results
and communicate their findings. Successful solution of e.g. a
problem (see appendix C) in which the goal is to determine how
much magnesium hydroxide there is in 1,0 ml of milk of magnesia
depends on recognition of certain instruments and command
of methods. The design of the investigation may be scored e.g.
by awarding points for the choice of correct method and for the
recognition of titration end points. In the implementation phase
of the investigation, points may be awarded for the accurate
measurement of the known volume and titration of the sample.
Parallel determinations produce extra credit, because the
reproducibility of results is important in this investigation.
Calculations have to be considered separately: for example, the
student should notice that magnesium hydroxide is dibasic, not
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to mention making inferences on the basis of the calculations
and the discussion of the results. Extra credit could be awarded
if the students a) includes a net ionic equation for the reaction
taking place or b) discusses the possible sources of error in the
determination.
Example
In the case of assessing students (n = 16) in upper secondary
school working with the problem of antacids (appendix C), the
results showed that every student knew what method should be
used, they knew how to use the pipette and they were able to
measure the known volume of milk of magnesia. However, there
were no written mentions about how the indicator worked or
about parallel titrations made, so that the maximum score in this
group did not exceed 7 points. In addition, two of the students
needed help with the calculations. After comparing the results
of the determinations that the students had arrived at this
titration, every one of them realised the importance of a parallel
determination.

The investigation may be formulated also as an open-ended
one, for example: carry out a series of tests devised to investigate
the speed of a chemical reaction. There are a number of factors
which influence the speed of a reaction and a number of reactions
which can be used in the implementation of the investigation.
In addition, it is possible to follow the speed of one reaction in
many ways. First, the students formulate the research problem
(what they want to find out) and present a motivated hypothesis
(I hypothesise this, because…). Then, the students discuss what
instruments and chemicals they need in the investigation and
how the investigation is carried out, whether a parallel experiment
is made or not, etc. The measurement data are gathered and
presented if possible in tables and graphs. A number of
conclusions are made on the basis of the test results and they
are compared with the initial hypothesis. All the above steps can
be scored. The students can use the aforementioned reaction
speed investigation to practise self-evaluation and later on, after
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a separate written report has been completed about the openended investigation, it may be submitted to careful scrutiny
using a scoring guide, e.g. Doran et. al.’s guide (see appendix
D).
In some investigations, teachers can provide clues to
students if they are stuck or experiencing difficulty at a particular
step. Sometimes, students can find their own clues with reference
materials or internet etc. It is important to discuss the scoring
with the students and agree whether the teacher’s clues have an
influence on the scoring, and in what way, if the do.

3. DISCUSSION
Chemistry is an empirical science, which means that
chemistry is founded upon experiment or experience. By
observing some chemical system in an experiment we discover
empirical facts. One of the goals of science is to organise these
facts so that relationships among the data can be established.
Generalisation based on the results of many experiments is called
scientific law. Observation, explanation, formulating hypotheses
and testing of an explanation by additional experiments is called
the scientific method (e.g. Brady & Holum 1996, 3-4; Zumdahl
1993, 3-5). It is extremely important to point out to the students
what the use of the scientific method involves and what it means
to think like a chemist. Learning chemistry and understanding
the empirical nature of chemistry is left inadequate without an
inquiring, experimental approach in chemistry lessons.
The teacher has the power and the responsibility for the
design of assessment that promotes teaching and learning. The
forms of assessment presented in this article, lab licence, skills
task assessment format and investigation task format, lend
themselves well to assessment of experimental work in chemistry
teaching. The Finnish national curriculum involves the evaluation
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of experimental skills as part of the student’s grade in chemistry.
In the holistic assessment, the consistence of the course grade
could be agreed on by the teacher and the students alike, and it
could be a combination of the score of a final test, activity shown
in class and by completing homework, quality of written reports
and experimental tasks. This would give the students a more
versatile picture of their level of knowledge and skills. A welldesigned and organised assessment of experimental lab work is
bound to increase interest in and appreciation of chemistry
studies, and eventually leads to improved learning (see e.g.
Hofstein et. al. 2004).
It is important that one progresses in stages in the course
of the diversification of evaluation procedures and to ensure
that the students have time to get used to skills assessment. Simple
assessment tasks lead to assessment of more complex and
demanding ones. The choice of an assessment task is also
influenced by whether the students work in small-groups or
individually. The lab licence suits itself best for the assessment
of an individual student’s work, whereas the assessment formats
of skills tasks and investigation tasks can also be used in the
evaluation of group work. Both forms of working are necessary.
Some students like, and are able to work individually with little
encouragement from peers or teachers, are task oriented and
work well on their own. Other students prefer to work in groups
and work better with encouragement from peers or teachers (e.g.
Rosenthal 1996). The assessment tasks presented in this article
are examples but it is possible to develop and work out new
tasks with the help of colleagues, students and trial tests, and in
so doing, take into account the size of the student group and the
requirements of the content to be taught.
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APPENDIX A.
Lab licence for 7th grade
Lab skill
Safety
1. Can find/use in laboratory if needed
·
working coat
·
plastic gloves
·
safety goggles
·
safety certificate of chemical
2. Can turn on/off the Bunsen burner and adjust
the flame height
3. Can work safely and clean up equipment
Recognition of laboratory glassware
·
beaker
·
graduated cylinder
·
Erlenmeyer flask
·
volumetric flask
·
pipette
·
filter funnel
·
test tube
Handling and reading apparatus and instruments
·
graduated cylinder
·
pipette
·
pH paper
·
thermometers
·
balance
Working methods
·
dissolve
·
crystallise
·
evaporate
·
extract
·
precipitate
·
filtrate
Symbols of elements
oxygen, hydrogen, nitrogen, chlorine,
carbon, iron, copper, sodium, sulphur
Names of materials and compounds
O2, CO2, H2, NH3
H2O, NaCl
HCl, H2SO4, HNO3, NaOH

Yes / Date

APPENDIX B.
Preparing of soap
Weigh 5 g of solid sodium hydroxide in a 250 ml beaker and dissolve the
grains in 50 ml of water. Add 10 ml of ricinoleic acid. Let cook, stirring
the mixture with a glass rod, until it turns yellowish and transparent.
Carefully add 50 ml hot water and 5 tsp sodium chloride in the transparent
mixture and stir well. Let the mixture get cool. Rinse the soap that surfaces
on the top of the mixture with water and model it into desired shape.

SCORING

RESULTS of observation
(n = 24)

Following instructions
1 p is unable to follow written instructions, requires extra
instructions for work
2 p uncertain about the instruction, asks peers for help or
reassurance
3 p starts work after reading the instruction
Pair work
1 p no interaction with partner, no collaboration, no
motivation
2 p fails to concentrate, gets distracted by the environment,
inadequate

collaboration with partner
3 p ample interaction, fluent collaboration with partner,
enthusiasm

Work safety
1 p messy, ignores safety rules
2 p uncertain, a bit untidy, uses safety equipment according
to instructions
3 p tidy, cleans instruments, replaces instruments after use,
accurate, follows

safety rules
Handling of instruments and reagents
1 p does not recognise instruments, is afraid of handling
reagents
2 p uncertain handling of instruments and reagents
3 p secure, matter-of-fact handling, recognition of
instruments and reagents

3
16
5
1
7
16

4
13
7
4
13
7

APPENDIX C.
The problem of antacids
Devise and carry out an experiment to determine how much magnesium
hydroxide Mg(OH)2 is in 1,0 ml of milk of magnesia. Describe in detail the
method you used to solve this problem. (ref. Doran et. al. 2002, 173-174.)
Note: Milk of magnesia is not a true solution; it is mostly a suspension of
the relatively insoluble magnesium hydroxide in water.
Special safety considerations: Be sure to follow usual safety rules for
working with acids and bases.

SCORING
1.
a)
b)
2.

Points from the task

Method used
titration method
mentions how indicator works
Measurement of known
volume of milk of magnesia
3. Determination of volume of acid used
a) only one titration used
b) recognising the endpoint
c) at least two determinations for
the volume of acid
4. Calculations
5. Conclusions and the possible
sources of error
Total maximum points

Max. points

1
1
1

2
1

1
1
1

3

2
1

2
1
9

APPENDIX D.
Scoring guide for laboratory report
(ref. Doran et. al. 2002, 135-136)
Rating scale:
4p
3p

excellen
very good

2p
1p
0p

Section of report
Initial question
Clearly states the question addressed.
Hypothesis
Clearly stated in appropriate
“if/then” or “cause/effect” format.
Methods and Materials
Statements provide a concise series of
procedural steps that others could repeat.
Results
Clearly understood and concisely stated.
Tables: data correctly and
completely entered.
Graphs: appropriate scales, axis include
units, points plotted accurately...
Discussion / Conclusion
Details about what happened and why.
Clear statement of whether or not the
hypothesis was supported.
Summarisation of trends or
patterns in the data.
Possible sources of error mentioned.
Thinking about how further clarify and
support the results.
Presentation
The lab report well organised, clearly
written, easy to follow, appropriate
vocabulary used.
Total points

acceptable
unacceptable
missing

Score
0-3

0-3

0-4
0-4
0-4
0-4

0-4
0-3
0-4
0-4
0-4
0-4

0-45

Comments
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ABSTRACT
In this paper, we have analysed previous research reports in order to discover
how the learning of quantum physics could be made more effective. It has
been stated that numerous learning difficulties and misconceptions appear in
the field of quantum physics. Despite many educational and research projects,
inclusive solutions to those problems have not been discovered yet. However,
according to some preliminary proposals, emphasis of models in the teaching
of quantum physics could lead to the better learning results. In addition, the
change of the viewpoint from classical models and concepts to quantum
physical ones has to take into consideration in the teaching. We propose that
the essential change of the viewpoint can be achieved if the empirical evidence
of quantum physics is used as a starting point in the teaching. Based on this
theoretical review, two presented aspects could act as a competent basis for
designing a novel, student-centred quantum physics course for physics teachers.

Key Words: physics teacher education, quantum physics
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1. INTRODUCTION
The aim of this research project is to study learning and
teaching of quantum physics, and to develop a new researchbased quantum physics course for the forthcoming physics
teachers. In this paper, the theoretical framework of this research
project will be discussed through the presented research question.
The project is a part of a cooperation that aims to develop and
research physics teacher education in the Universities of Joensuu and Helsinki in Finland.
Modern and quantum physics could be a way to make
physics interesting, because the technology we are using in
everyday life is a consequence of the research of physics, and in
many cases a consequence of modern and quantum physics.
Students, however, perceive quantum physics very abstract and
conceptually difficult. In addition, physics teachers in the high
school level consider quantum physics as an over-demanding
topic to teach and learn (Heikkinen 2002).
Furthermore, many physics educators have expressed their
concern about the weak level of the understanding of quantum
physics (Bao & Redish 2002, Euler, Hanselmann, Müller &
Zollmann 1999, Johnston, Crawford & Fletcher 1998). Learning
difficulties and misconceptions related to the domain have been
studied quite widely (Fischler & Lichtfeldt 1992, Müller &
Wiesner 1999). For example, the quantisation, the understanding
of degrees of freedom, the concept of field (Heikkinen 2002),
and the intangibility of the domain (Johnston et al. 1998) cause
learning difficulties. Students have also difficulties with the
concept of probability and understanding of energy diagrams
(Bao & Redish 2001). In addition, some national research reports
indicate that our students have same kind of problems (Mannila, Koponen & Niskanen 2002, Heikkinen 2002).
Why the image of quantum physics is not very positive,
and why it is so demanding topic to teach and learn, and what
should be done in order to make it interesting and under-
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standable? Answers to all those questions might be found from
the way quantum physics is taught in the universities and in the
upper secondary schools. National curricula and teaching
methods in upper secondary school have changed, whilst
quantum physics courses in the university studies are very stable.
There is a definite disharmony.
It has been stated that the traditional physics courses do
not necessarily offer adequate preparation for teachers work
(McDermott 1990). The situation is same in the case of quantum
physics as well. In many cases, future physics teachers take the
same quantum physics courses than future scientists. Those
courses do not consider teacher student’s needs, therefore, they
do not give enough competence to teach quantum physics in the
upper secondary school level successfully.
First, the focus in those conventional courses is in the
formalism of quantum physics, and as research results indicate,
the level of conceptual understanding can be insufficient after
traditional course (Euler et al. 1999). However, conceptual
understanding is a requirement for all learning (Arons 1997),
and without it the use of mathematical formalism is quite useless.
Conceptual understanding is also very important for forthcoming
physics teacher.
Second, the conventional quantum physics courses in the
university studies do not discuss the base of quantum physics
deeply enough. However, the base of quantum physics is one of
the main topics in modern physics in the upper secondary school
level. In order to teach modern and quantum physics in the upper
secondary school, a new teacher has to do a great deal of work
by oneself. At worst, a teacher is teaching on the grounds of
his/her own upper secondary level knowledge. Evidently, the
traditional quantum physics courses need to be modernised or
special courses for physics teachers have to be developed and
additional development work is needed in this field.
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2. ARGUMENTATION
Research question
In our project, a new quantum physics course will be
developed and solutions to the presented problems related to
learning and teaching of quantum physics will be tried to find.
In addition, the especial needs of forthcoming physics teachers
will be taken into account in the planning and implementing of
the course. The stated research question is: What are the most
significant research results that could be used as a starting point in the
planning of a new quantum physics course for prospective physics teachers?
The novel research-based course will be developed in order to
make quantum physics more accessible. Answers to the research
question are tried to find through the following literature review
and discussion. Some remarkable educational projects and their
results are presented and discussed briefly.

Discussion concerning earlier research projects
According to the literature, there are several innovative
research and educational projects in which obstacles to learning
of quantum physics are tried to solve. For example, Zollman,
Rebello & Hogg (2002) have integrated quantum physics as a
part of introductory level physics and used developed (VQM)
Visual Quantum Mechanics visualisation materials. Based on the
preliminary result VQM material is suitable for the teaching of
quantum mechanics also for novice physics students or
engineering students.
Robblee, Garik & Abegg (1999) have achieved good
learning results by using (QSAD) Quantum Science across Disciplines
software in the upper secondary school teacher education. Based
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on the results of this study it seems that various computer based
visualisation techniques can enhance the students’ understanding
of quantum physics. Furthermore, it is easy to make a connection
between visualisation and a more general instructional approach
called modelling.
Physics teacher students’ views of the models and the
concepts of quantum physics have been studied by Euler et al.
(1999). The results suggest that emphasising the concepts and
models in quantum physics assist students in improving the
conceptual understanding that is insufficient after the traditional
quantum physics course. It seems that models have a vital position
in the understanding of quantum physics, therefore they should
take into account in the planning of teaching sequences if the
goal is in the conceptual understanding of the topic.
One very important element in the learning and teaching
of quantum physics is the classical physics that students have
read several years. Students already know several classical laws,
theories and models and they have also adopted classical way of
thinking. Naturally, the learned classical physics is a foundation,
from which students interpret and explain all the phenomena
they come across. The classical physics’ knowledge is generally
very well known and understandable for student, thus it is easy
to use. When they are studying quantum physics, the situation is
the same. Students apply directly classical or semi-classical models
when they are explaining quantum phenomena.
To avoid the use of classical or semi-classical models in
quantum explanations two different solutions have been
presented in the research literature. Fischler and Lichtfeldt (1992)
have designed a high school quantum physics course in which
the models and analogies of classical physics are not used at all
in the teaching. This kind of approach may impress a fine
solution to the problem. Teaching quantum physics without
classical models might be conceivable when high school level
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quantum physics is discussed, but not in the university level.
One main goal in physics teacher education is to form a general
view of physics, and if quantum physics is taught totally isolated
from classical physics, it is very improbable that student’s image
of physics is a coherent one.
The other way to try to solve the problem mentioned earlier
is to pay special attention to classical models and concepts instead
of ignoring them. In spite of all, understanding of many classical
concepts is a presupposition for learning quantum physics, as
Steinberg, Wittmann, Bao and Redish (1999) have stated.
Although the teacher is not using analogies from classical physics
in teaching, the misconceptions or learning difficulties in classical
physics can cause problems in the learning of quantum physics.
To avoid that problem it is better to make preconception visible
than tend to avoid them. Possible classical misconceptions or
problems in learning related to classical concepts can be affected
and hereby the general view of physics becomes more complete.
We think that one possible reason to that result is that it is
difficult for students to see the crucial differences between
classical and quantum physics. For example, the change of the
viewpoint from the models and the concepts of classical physics
to quantum physical ones may cause problems in the
understanding of the domain (Steinberg et al. 1999). After
traditional courses student still explain quantum phenomena by
using classical models and concepts (Euler et al. 1999). One
element that needs particular attention in the learning and
teaching of quantum physics is the ontology and the
epistemology of quantum physics. Behind those learning
difficulties of quantum physics might be difficulties in the shift
from the ontology of classical physics to the ontology of
quantum physics. The ontology of classical physics is very
resistant for changes, as Mannila et al. (2002) have reported.
Based on results from the inservice physics teacher training, it
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seems that even inservice teachers have difficulties with the
transition from the ontology of classical physics to the ontology
of quantum physics (Heikkinen 2002).
As we know from the history of the development of
quantum physics, even the famous physicists, like Max Planck or
Albert Einstein had to struggle with the change of the ontology
(Gearhart 2002, Mehra & Rechenberg 1982, Kuhn 1987, Pais
1982). They had difficulties in accepting that the laws and
principles of classical physics were not valid for explaining the
new empirical discoveries; the classical physics was in a crisis.
When the need of the change in the viewpoint was accepted,
quantum physics could be born. We can assume that a similar
kind of premises has to fulfil before real learning of quantum
physics can occur.

Instructional proposals of the new quantum physics course
We suggest that meta-ontological awareness is a requirement
for the real learning and deep understanding of quantum physics.
Generally, meta-ontological awareness means that an individual
student is explicitly conscious of his or her own ontological
premises. Consequently, it seems that both the conceptual
understanding and the ontological shift from the classical
viewpoints to quantum physical ones have to take into account
in the instruction.
One method to discuss the ontological and epistemological
aspect of quantum physics is to use the empirical and historical
evidences of quantum physics as a base in the teaching. Starting
from the empirical base of quantum physics could also make
quantum physics more interesting and approachable. Our
quantum physics course is found on examining historical and
empirical evidence of quantum physics. We will use a learning
method in which students have to analyse the results of each
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classical experiment and discuss why classical physics cannot
explain the results. Therefore, they will become aware of their
ontological premises and their meta-ontogical awareness will
become deeper. It has been stated that this kind of learning
method makes learning meaningful (Steinberg, Oberem &
McDermott 1996, Wittmann, Steinberg & Redish 2002).
In addition, another element that can have a meaningful
role in the learning and teaching of quantum physics is the history
of the development of quantum physics. According to Monk
and Osborne (1996), by integrating the history of science not
science teaching learners are supported in two ways. First, learner
notices that even very respected and intelligent persons have
thought in a similar way, hence their thoughts are not stupid.
Second, the learners realise that these ways to think are historical
and the modern way of thinking is more valuable and possible
to absorb by every learner. Our teaching methods takes student’s
pre-knowledge into consideration and student is regarded as
active learner.

3. DISCUSSION AND CONCLUSIONS
The reviewed studies do not give an unambiguous answer
to the research question that concerns the problems in the
learning and teaching of quantum physics. However, the most
significant research results of this literature review can be used
as a firm starting point for the new quantum physics course for
future physics teachers. (Asikainen, Hirvonen, Heikkinen,
Nivalainen & Viiri 2003)
Models and their understanding have a vital position in the
holistic understanding of quantum physics (Heikkinen 2002).
The reported promising results from the use of visualisation
and conceptual models in the teaching of quantum physics
justify emphasised use of models in the quantum physics course
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designed for future physics teachers. The scientific literature
offers several different views on the modelling (Gilbert 1991,
Gilbert, Boulter & Rutherford 1998, Hestenes 1992, Saari & Viiri
2001). Our aim is more like to give a general knowledge of models
and the nature of models. Without understanding the nature of
models, it for example different atom models or dualism are
difficult to learn and understand deeply.
Emphasis of models in quantum physics teaching is not
sufficient alone to solve the problems in the learning of quantum
physics, but also the special nature of quantum physics has to
Figure 1. The proposal for a starting point of a novel course for quantum
physics.
Models in physics
education

Classical
ontology

Empirical basis of
quantum physics

Ontological
conflict

Students’
conceptions

Empirical
background

Ontology of quantum
physics

take carefully into account. The instructional methods of the
new course assist learners to reach meta-ontological awareness
and become conscious of their own conceptions. The transition
from the ontology of classical physics to the ontology of
quantum physics can be considered a prerequisite for the real
understanding of quantum physics. After self-realisation, the
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desirable conflict situation can lead students to struggle with
the subject and to assist in the transition of the ontology. The
shift can be achieved by starting from the empirical and the
historical background of quantum physics.
Based on these results of this literature review, a novel,
student-oriented course, that applies some ideas of modelling
and starts from the empirical bases of quantum physics, will be
developed (figure 1), and its influence on the learning of quantum
physics will be studied.
As can be seen from the figure 1, the instructional ideas of
modelling, certain empirical basis of quantum physics, and
students’ preconceptions form a firm base for the new course.
The desired ontological conflict hopefully occur when students
examine the empirical starting points and try to explain related
phenomena first by using the ideas of classical physics and then
by applying the premises of quantum physics. Consequently,
students should become conscious of the necessary need of
quantum ontology.
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ABSTRACT
The study concentrated on exploring the self-reported environmental
concerns, attitudes and behaviour of Finnish 13- 15 year-old students and as
a comparison students of the same age from one big German school. One
purpose was also to find out students’ attitudes toward studying chemistry as
well as their opinions on chemical industry. Comparison between German
and Finnish students was interesting since Germans have paid attention on
environmental issues a lot longer than Finns and they have a heavy chemical
industry. Promoting environmental awareness as well as an environmentally
responsible lifestyle can only be realised through information and therefore
students’ main information sources on certain several environmental issues
were studied and analysed. The changes during the years 1994 to 2000 were
examined. Two types of written questionnaires were used to acquire the
information.
The study stated that the main important information sources were mass
media and science teachers. Students’ attitudes towards studying chemistry,
as well as toward chemistry and chemical industry in general have become
more negative during the period of this study. Several differences between
Finnish and German groups studied were recorded and these will be discussed.
Key words: Environmental knowledge, environmental information,
environmental behaviour
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INTRODUCTION
Environmental concern is common to us all, in Finland as
well as in other countries. We should work together, using all
different ways that each scientific area offers to deliver
information about both positive and negative environmental
issues. The pupils of today will make the decisions for the future
also when issues of environment are concerned. Studying young
people’s environmental attitudes is particularly important since
they are the ones who will be affected by those environmental
problems that will arise from our current actions of today. They
also have to provide solutions for those problems and pay the
costs of the developments.
The evolution of environmental education over the past
two decades has brought with it a host of questionnaires, surveys,
and scales designed to measure people’s knowledge of or attitudes
and behaviours toward environmental issues. Important theories
for my research have been among others:
“Theory of Reasoned Action by Ajzen and Fishbein (1980),
“Theory of Planned Behaviour” by Ajzen (1985) and “Theory
of Self -Regulation”, presented by Bagozzi (1992).

The studies of environmental attitudes often have scales
whose validity and reliability are questionable and thus meaningful
comparisons among investigations in the area are difficult. Leeming and Dwyer (1995) have pointed out that the availability of
a carefully developed and psychometrically valid scale to measure
children’s global environmental attitudes and knowledge would
be a valuable teaching and research tool.
An environmentally responsible teacher educator must often
consider which are the factors that affect students’ environmental
behaviour in general and especially when working in the
laboratory. It is also important to recognise that a big part of
the environmental information is coming from sources other
than the science teacher. It is known that ecological knowledge
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affects environmental behaviour directly as well as indirectly through environmental awareness (Diekmann & Preisendorfer
1998).
According to Eloranta (1995, 185-209) Finnish science
teachers in the lower and upper secondary level teach
environmental issues whenever they think it is well integrated in
their own subject area. Teaching environmental issues is mainly
the responsibility of teachers of biology and geography, physics
and chemistry. Physics and chemistry teachers concentrate on
teaching mainly environmental problems, acid rain and energy
and its environmental effects as well as air and water pollution,
ozone layer, recycling, greenhouse effect and littering. Special
integrated project weeks or days is the common way to teach
environmental issues in Finnish schools. However, a systematic
program in the area of environmental education is still missing
in spite of numerous studies and study plans constructed by
many Finnish researchers (Heinonen & Kuisma 1994; Käpylä
1994; Åhlberg 1998; Helve 2001; Anon 2001).
According to findings of Leeming and Porter (1997), it
seems obvious that we should pay attention particularly to young
children when thinking about environmental attitude and
knowledge because, as they point out on the basis of their study,
young children
a) are less likely to have well-established environmentally harmful
behaviours to “unlearn”
b) have a longer period to influence environmental quality, and
c) may serve as effective agents to promote environmentally responsible
behaviour in others

It is easy to agree with Diekmann and Preisendorfer (1998,
79), who wrote that “despite a high degree of environmental
consciousness, behaviour seems to follow traditional lines of
action, and every day experience points to obvious inconsistencies
between verbal claims and actual behaviour.”
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2. METHOD
This article is based on the quantitative part of my doctoral
thesis that studied the sources of environmental knowledge of
Finnish and German pupils aged 13-15 years. The study also
measured their environmental attitudes, self-reported
environmental behaviour and attitudes towards chemistry and
the chemical industry (Asunta 2003). The written questionnaires
were introduced in 1994-1996 and 2000 in four Finnish schools
and in one big German school. Three schools in Jyväskylä area
in Central Finland were chosen: one big suburban school, one
small suburban school and one country school. In addition one
school in Lapland and one city school in Frankfurt am Main
took part in the research. The total sample was 532 pupils in the
first part of the study and 351 students in the second study.
Before the actual study the questionnaires were tested in
1993 in a pilot study. After that the number of questions was
notably reduced. In the actual studies 35 items with a Likert
scale were used to measure pupils’ environmental attitudes and
behaviour. Another questionnaire was used to study the pupils’
sources of information about certain environmental issues.

2.1 The attitude and behaviour scales
The questionnaire with 60 items used in the pilot study,
used together with the other questionnaire, turned out to be too
long for young pupils. Overlapping questions and those causing
only minor variance were discarded to end up with 35 questions
(Appendix 1). After analysing the answers of the students four
main components were discovered. Three separate scales were
formed after the analysis:
(A)
(B)
(C)

Environmental attitude
Environmental behaviour and
Attitude towards chemistry and the chemical industry
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The fourth main component had only two items and no
scale was formed according to that.
The scales were formed by forming sum variables using
the items chosen using the Principal Component Analysis. Only
the items with the factor loading 0.50 or more (after the Varimax
rotation) were added in the sum variables. The standardised values
were not used when forming the sum variables but the values
(1-5) of the Likert scales were added as such. This was done to
ensure possibilities to compare the sum variables of the two
studies in 1996 and 2000.
To estimate the reliability of the scales the Cronbach a
coefficients with upper and lower limits were calculated (Table
1).
Table 1. The reliability coefficients of the scales used. The confidence
intervals were calculated using the F-distribution (Metsämuuronen
2000).
Results of 1996
Scale Cronbach-α low
A
0.68
0.63
B
0.82
0.79
C
0.73
0.69

Results of 2000
High Cronbach-α low
0.72
0.74
0.69
0.84
0.83
0.81
0.76
0.76
0.72

high
0.77
0.85
0.80

The coefficients are high enough, especially taking into
account that the smallest values are for the scale with only five
variables. The “real” values of the coefficients are likely closer
to the higher limit than to the lower limit according to the results
of Tarkkonen (1987) and Vehkalahti (2000).
The validity of the study improved when part of the items
were discarded after the pilot study as well as when the items for
the sum variables were chosen with the Principal Component
Analysis and not just by intuition. When the validity of the scales
was studied with the correlation analysis it was found that the
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correlation within the scales was much higher than the correlation
of the items from different scales. This is an indication of the
construct validity of the scales (Metsämuuronen 2003).
The distributions of the sum variables A, B and C are
close to normal. When, in addition, the samples were large, it
was possible to analyse the differences of the groups using the
Analysis of Variance. However, the results of ANOVA were
checked using the non-parametric Kruskall-Wallis tests. The
results of both tests were similar and thus the results can be
regarded as reliable.

2.3 The variables for the information sources
When the importance of the of the information sources
was studied the new variables were calculated by counting the
number of environmental concepts marked for each information
source. As the number of environmental concepts was eight
(catalytic converter, ozone depletion, acid rain, exhaust gases,
greenhouse effect, pollution of waters, harmful compounds and
recycling) the range of the variables was from zero to eight,
depending on the amount of information that the pupils indicated
they had gained from the eleven (or twelve) information sources.
This type of variables might have been studied reliably with the
t-test, however, all of the variables are not normally distributed
and that is why it was decided that they were studied with the c2analysis. To enhance the quality of the chi-squared analysis, the
values of variables were regrouped into five classes: 0 marks, 12 marks, 3-4 marks, 5-6 marks and 7-8 marks.
The method of cross-tabulation and chi-squared analysis
was chosen because it is more illustrative than other nonparametric methods. Also the results of the chi-squared analysis
were confirmed by using the Mann-Whitney test. Both of the
methods gave the same results when differences between the
groups were studied.
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3. RESULTS
3.1 Environmental attitudes and behaviour
When the pupils’ environmental attitudes, self-reported
environmental behaviour and activity and attitude towards
chemistry and the chemical industry were measured with the
five-step Likert scale, with a low number meaning a “positive”
attitude, the mean of the sum variables per item was under three.
Thus we could say that attitudes and behaviour of the pupils
were rather positive. However, it is questionable to interpret the
scales as absolute measures of positive and negative attitude and
behaviour. It is more appropriate to use the scales merely to
compare the phenomena of the different groups and for
evaluating the changes that have taken place during the time
period of the research.
As expected, the girls’ environmental attitudes are more
positive than the boys’ attitudes. Similarly, the girls’ self-reported
behaviour was more positive compared with the boys’ behaviour.
Also it was found that the boys who had studied the optional
course of the environmental chemistry did not have more positive
environmental attitudes than the boys who had not chosen the
course. This finding is supported by the studies of Mikkola (2001,
127) and Helve (2001). Their studies proved that Finnish men
and boys are more likely to put economic welfare ahead of
environmental aspects than women and girls.
On the other hand boys were more positive towards
studying chemistry and towards the chemical industry than girls.
The sample of German boys had clearly more positive attitudes
towards chemistry than the girls, but in the Finnish sample the
difference mentioned is not significant
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There were significant differences between the pupils from
Frankfurt and the Finnish pupils on all the three scales used.
The German pupils had more positive attitudes towards
environment, chemistry and the chemical industry. Also they
reported more environmentally friendly behaviour than the Finnish pupils. The difference last mentioned is due to the relatively
negative self-reported behaviour of the Finnish boys. The Finnish girls instead report even more positive environmental
behaviour than their German counterparts.
Scales A and B measure “positive” and “negative”
environmental attitudes and behaviour. To see how pupils from
different class grades, sexes and countries differ on the attitude/
behaviour scale, the means of the sum variables A and B were
calculated for each group. These means were then subtracted
from the total A and B means to obtain an ordered pair (attitude
difference from mean, behaviour difference from mean) for each
group. When these ordered pairs are placed in the attitude/
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Figure 1. The relative placement of the different pupil groups on thea
ttitude/behaviour coordinates (N = 839).
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behaviour coordinate system, the relative placement of each
group can be seen. (Figure 1)
The figure clearly shows the negative changes in
environmental attitudes and behaviour from the year 1996 to
the year 2000. For the German pupils a part of the negative
change may be due to a small (N = 50) sample in 2000, but the
change is significant also with the Finnish pupils. The fact that
the changes have taken place into same direction with all the
groups studied is a clear sign of the significance of the result.
There has been a negative change in the girls’ attitudes
towards chemistry and the chemical industry during the time of
the study. Still in 1996 the attitudes of the sexes in Finland were
close to each other in this regard, but in 2000 the Finnish girls’
attitudes were in most questions more negative than the Finnish
boys’ attitudes as it was the case with the German sample already
in 1996 and again in 2000. It seems that especially the girls are
less and less interested in studying chemistry. Table 2 presents
the percentages of the students who “fully agree” or “partly
agree” with the claim” I like studying chemistry”.
Table 2. The percentage of pupils who have exactly or partly the opinion:
“I like studying chemistry” (Due to the small sample the error margins
of the German numbers in 2000 are large compared to the others).
1996
2000
N 1996
N 2000

Fin Girl
48.8%
20.9%
166
139

Fin Boy
46.5%
41.9%
172
160

Ger Girl
7.2%
(4.2%)
97
24

Ger Boy
8.5%
(20.8%)
94
24

Total
33.3%
29.3%
529
347
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3.2 The sources of environmental information
This study proved, like some others before, (Mikkola 2001;
Rockland 1995; Roth and Perez 1989) that TV and radio are the
most important sources of environmental information. The next
important environmental sources are newspapers and science
teachers. Also the significance of parents, especially the parents
of German pupils, is remarkable. Finnish pupils gain more
environmental knowledge from their teacher than German pupils.
(Figure 2)
The percentage scale of Figure 2 was designed so that 100%
shows the situation where every pupil would have gained
information from all eight environmental issues and 0% shows
the situation that no one had gained information on any
environmental issues mentioned. Finnish pupils clearly gain more
information on environmental issues from science teachers than
German pupils. Girls mentioned more often than boys the
teacher as their information source, whereas boys mentioned
TV and newspapers more often than girls.
In the second study (year 2000) the Internet was added as
an information source since the use of the Internet for gaining
knowledge was rather little when the first study was carried out.
In the study of year 2000 The Internet was the fifth most
important information source. German pupils seem to use the
Internet for finding knowledge on environmental issues less than
Finnish pupils but the difference is within error margins. It is
likely that the amount of knowledge sources will increase when
pupils get older. The amount of information sources seems to
correlate positively with pupils’ class grade when any other
environmental issues but recycling is in question. It seems that
pupils get so much knowledge on recycling before seventh grade
that the amount of knowledge sources does not grow after that
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4. DISCUSSION AND CONCLUSIONS
The results of this study clearly show that pupils’ attitude
towards environmental issues has changed to more negative
direction during the very short period starting from middle 1990’s
until year 2000. Especially the interest of boys in protecting the
environment and belief in their own possibilities to influence
the situation has decreased. This is possibly due to that the quick
economical growth and enthusiasm of technology in recent years,
that it has affected the way media reports environmental issues
or then young people are tired of the flow of environmental
knowledge. In any case the influence of media in changing pupils’
attitudes is very sufficient and therefore the researchers should
try to ensure that the information the media uses is based on
f school and science teachers especially as the environmental
knowledge source is still remarkable. It is, however, obvious that
school is competing with many other institutions when it is a
question of influencing pupils’ environmental attitude and
behaviour. It is the same situation when attitudes toward studying
chemistry and chemical industry are in question. Teachers in
Finland have for many years paid attention to, how to encourage
girls to be more interested in science. Based on this study
achieving this aim seems further and further away.
More attention should be paid in schools and in media in
the positive achievements of natural sciences and chemical
industry so that all news connected to chemistry would not only
be telling about pollution and environmental catastrophes. This
would hopefully stem the side of negative attitudes and would
instead bring more optimistic feelings out.
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Appendix 1
Examples of the items of the questionnaire with their factor loadings
Rotated Component Matrix
bBy recycling we can save resources and leave resources untouched
1

.50
bI think acid rain is no problem in Finland/ in Germany

2

.23

.60

bOld medicines should be returned to the drugstore
3

.26

.38

bWhen our family buys washing detergent, the main criteria is that it causes as
4

little harm to the environment as possible

.61

bThe greenhouse effect will raise the temperature in our country in the future
5
bUsed chemicals should not be thrown in the sink
6

.61
bIt is sensible to separate papers from other waste

7

.58
bAll talk about the greenhouse effect is exaggerated

8

.20

.45

bIt makes sense to separate waste and not just put it all in the same place
9

.27

.61

.27

.24

bWe should not send our waste to the undeveloped countries
10
bI think that chemistry is necessary when solving environmental problems
11

.37

.51

0.25

0.28

.57

.20

.30

.54

0.24

.50

0.28

.57

.33

bI think the chemical industry causes more troubles than benefits
12
bThe chemical industry has an important role in solving environmental
13

problems
bA knowledge of chemistry can help when we try to minimise environmental

14

pollution
bWe should not spend as much money on chemical research as we do at the

15

moment
b

16

We would be in trouble without chemistry and its applications

.28

.55

bI think chemistry is an absolutely unnecessary science
17

.60
bWe can often avoid using the products of the chemical industry

18

0.22

.50

.23

.59

0.30

.32

0.38

bI think that chemical products are important
19
bI like studying chemistry
20

.51
bBefore throwing something away, I think whether it can be used for some

21

other purpose.

.65

bIf I am active enough, I can do a lot to save nature
22

.53

.32

.68

.28

.25

.31

.69

.25

bI am interested to know as much as possible about environmental problems
23

and how to solve them
bI use rechargeable batteries

24
bI think it is good that we learn more about air and water pollution at school
25
bIt is actually all the same to me what happens to the waste, the most
26

important is to get rid of it

.57

.43

.60

.33

.21

.56

bTo be honest, I am not interested in the problem of expanding amount of
27

waste and air pollution.
bMy behaviour has very little to do with, getting a cleaner environment

28
bA clean environment is very important for me
29

.50
bWhen I go shopping, I buy a plastic bag to take my things home

30

.21
bI discuss environmental problems with my schoolmates

31

.58
bWe talk about environmental problems at home

32

.60

.45

Children’s and young people’s attitudes to
the environment and factors affecting
them: a summary
Varpu Eloranta
Varpu.eloranta@helsinki.fi, Department of Teacher Education,
University of Turku, Finland

ABSTRACT
This article deals with the earlier Finnish and international studies concerning
environmental attitudes and behaviours, as well as factors affecting
environmental values. Environmental attitudes have most often been studied
through questionnaires using a Likert scale. The fact that the research results
on children’s and young people’s attitudes to the environment are not consistent
provides a good reason to compare these studies in more detail. Education,
age and gender arise as important factors in this summary.

Keywords: attitude, environment, children, young people, gender
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1. INTRODUCTION
Many studies have found that although people are very
concerned about environmental conditions, they do not behave
in a very environmentally friendly manner, or that young people
have favourable attitudes towards the environment but lack
environmental knowledge (e.g. Makki, Abd-El-Khalick &
Boujaoude 2003). A good environment is highly appreciated and
environmental protection is agreed with, but this is quite a
different thing from choosing environmentally friendly behaviour
(Uusitalo 1986, 123).
Many factors have been found to influence the formation
of environmental attitudes, including family, media, environmental education at school (Eagles & Demare 1999), as well as
family income, education, age, gender and living environment
(Kellert 1996). In American society, according to Kellert,
education seemed to most strongly affect environmental attitudes
and perceptions of nature, and the main hypothesis of Thompson and Mintzes (2002) shark research was that such attitudes
are largely formed by specific subject knowledge. Finnish study
results concerning environmental attitudes vary according to
gender, age, education level of subjects and of their parents,
and cultural group (Järvikoski & Numminen 1987; Heinonen &
Kuisma 1994; Ikonen 1999; Eloranta & Ikonen 2000; Tikka,
Kuitunen & Tynys 2000; Asunta 2003).
The aim of this article is to examine and compare different
studies concerning children’s and young people’s attitudes to the
environment. In addition, factors which have been seen to
influence these attitudes will be considered.

CHILDREN’S AND YOUNG PEOPLE’S ATTITUDES
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Attitude
The definitions of attitudes and behaviour are problematic
(cf. Rynning 1992, 70). Most researchers agree with the idea that
attitude contains three components: knowledge (cognition),
feeling (affect) and tendency towards action (behaviour) (e.g.
Karvonen 1967; Uusitalo 1986). Räty (1982, 6) presents the
‘textbook definition’of attitude as a unity of knowledge, affective
and behaviour elements. Attitudes are understood as behaviour
intentions, reactions to certain stimuli, to which a person responds
with his knowledge, feelings and behaviour (Puohiniemi 1993,
30-31). In the social behaviour model (see Mikkonen 2000, 79)
action is also formed through behaviour intention in connection
with attitudes, norms developed by subjective experience, and
feelings about ones own ability to influence things.
The literature in social psychology contains considerable
research on attitudinal features. Direction and strength are two
typical features of explaining attitudinal meaning (e.g. Bright &
Tarrant 2002). A person’s attitude towards the object or behaviour
can be negative, positive or somewhere in between.
In Rynning’s (1992) opinion, much attitudinal research is a
close mapping of public views. It is known that opinions will
change more easily than attitudes, and attitudes more easily than
values. The constructing of attitudes is, according to Rynning,
part of the process of personality development, in which culture
has a significant effect. Environmental experiences received in
childhood (age 5–6 years) – especially through the child-parent
relationship – have a great influence on attitudes (see also Kellert
1996, 46). This, in my opinion is a very important message for
all educators. Later on, connections to other groups and a person’s
own experiences also become important. Attitudes are formed
by learning. If we accept that an attitude contains cognition,
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feeling and initial behaviour in a certain way, it is possible to
change attitudes by altering some or all of these components.
Kellert (1996) has explored how people’s perceptions of
diverse species influence their values about nature. He found
four overall factors shaping attitudes toward wildlife: (1) basic
wildlife values, (2) a creature’s particular physical and behavioural
characteristics, (3) knowledge of wildlife, and (4) the human/
animal relationship (pp. 99-100). It is easy to understand that
our relations toward a wolf and a hare are quite different.

How are attitudes measured?
In the research on environmental attitudes, questionnaires
have most often been used (Kellert 1985, 1986; Järvikoski &
Numminen 1987; Musser & Malkus 1994; Leeming & Dwyer
1995; Leeming et al. 1997; Ikonen 1999; Eloranta 2000, 2003;
Thompson & Mintzen 2002; Asunta 2003) (Table 1). Rating scales
such as the Likert scale and semantic differential scale are also
widely used in attitude research (see Cohen, Manion & Morrison 2000, 253). As well, structured interviews (e.g. Uusitalo 1986)
and open report-type tasks and personal reports have been
utilized (Eloranta 1995; Asunta 2003). Interviews are often
needed after the surveys, to check the results received.
Environmental attitudes have also been studied through
the relationships to nature (Pietarinen 1987; Heinonen & Kuisma 1994; Kellert 1996; see also Eloranta & Ikonen 2000). In
these studies, humanistic, utilitarian and moral values have been
used for evaluating a person’s environmental attitudes. Attitudinal
studies have also been connected to various intervention
researches, when pre- and post-test measuring of attitudes is
included in these projects (Eloranta 1995; Leeming et al. 1997)
(Table 1).

297
CHILDREN’S AND YOUNG PEOPLE’S ATTITUDES

Subjects
> 18 years
16-18 years

Age /Grade

1500 questionnaire
111 questionnaire

1145 interview
477 Likert scale questionnaire

very good
good

Assessment of
methodology
very good
good

Table 1. Comparison of implementations in attitude research

Finnish
Finnish

students
students

American

students

8-12 years

17

171

attitude measure

Measurement of attitudes

Reference

American
Finnish

Finnish

810

very good

American

grades 980
1-3, 4-7
11-20 years

464

Finnish
Russian
Finnish

students

n

Uusitalo 1986
Järvikoski &
Numminen 1987
Gigliotti 1992
Heinonen &
Kuisma 1994
Musser &
Malkus 1994
Eloranta 1995
Leeming et al.
1997
Ikonen 1999
Tikka et al. 2000

open and structured prevery good
and post-tests, interview
pre- and post-test,
very good
CHEAKSattitude measure (1995)
Likert scale questionnaire good
and multi-choice test
questionnaire
very good
and multi-choice test

Makki et al.
2003
Eloranta 2003
Finnish

Finnish
Russian
Finnish
German
Lebanese

Eloranta 2001

Asunta 2003

Subjects

Reference

Table 1. Continues

810

n

11-16 years,
students

120

640
243
grades10-11 660

13-15 years

11-20 years

Age /Grade

good

good

Assessment of
methodology

attitude measure
very good
adopted from the CHEAKS
concept mapping and
average
Likert scale questionnaire

Likert scale questionnaire

open question (essee)

Measurement of attitudes
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Attitudinal measurement has raised a critical discussion,
indeed. Questions of whether it is possible to measure attitudes,
and of the validity and reliability of measurement are being asked
(e.g. Osborne, Simon & Collins 2003). All measuring systems
carry their own problems concerning the given rating scale, the
respondents’ participation or the analysis of data (see Cohen et
al. 2000, 254-255). For example in a study of Finnish and Russian
young people’s attitudes to forests, we found that none of the
Russian subjects understood or were familiar with the semantic
differential scale, or the instructions were not good enough,
because they used only the dimension ends in their answers (Ikonen 1999, 96).

2 WHAT DO ENVIRONMENTAL ATTITUDES
TELL AND NOT TELL?
During a two-year environmental education project in Finland, student teachers were observed to have taken some steps
towards responsible behaviour (Eloranta 1995). Similarly, a oneyear environmental programme had a positive effect in an
elementary school (Leeming et al. 1997). The programme
significantly influenced attitudes towards the environment but
did not increase knowledge of environmental issues. One might
conclude after these experiences that at least according to the
research results measured, school projects can have a positive
effect on the direction and strength of environmental attitudes.
Leeming and his colleagues present, however, many further
questions, including the following:
a) Which types of activities are most beneficial? b) Are attitude changes
stable? c) Do changes occur in the overt behaviour of the children? d) How
can the attitudes, especially of older children, be improved? (Leeming et
al. 1997, 41-42.)

According to Gigliotti (1992) contemporary students were
less willing to make personal sacrifices than students 20 years
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earlier (the comparison studies were done in 1971 and 1980).
The results presented by Heinonen and Kuisma (1994) support
this finding. Individualistic values are increasing simultaneously
as collective values are decreasing; in this way ‘free-riding’ will
increase with individualism, if young people cannot be rewarded
for their sacrifices made for the environment (see Uusitalo 1986,
1992). Gigliotti’s message for environmental education is as
follows:
“before people will be ready to make personal sacrifices for environmental
reasons, the connection between today’s lifestyles and environmental problems
must be better understood. The second implication is that specific desired
behaviours must be part of the message” (Gigliotti 1992, 25).

This is a key excerpt. It means that the young people are
not thinking about ecological issues – obviously of little interest
to them – and do not want to recognize their own responsibility
for sustainable development in the future.
The young people’s relationship with nature is shown as
unstable, changing and containing conflicts (see Heinonen &
Kuisma 1994). For example, it was found that the utilitarian
features of these relationships were very pronounced, particularly
in young men. On the other hand, the young people, especially
females, often had a humanistic and mystical vision of nature.
The Finnish young people’s relationship with the forest
environment was significantly more utilitarian than the Russian
students’, and this was stronger in boys than in girls. The forest
was seen as valuable because of the pulp and paper industry.
The Russian students assessed the forest significantly more
humanistically than did the Finnish students. The latter group
regarded forest scenery and animals as important, the former
group valued the forest most of all on the basis of its importance
to human health. The Finnish young people valued the forest
less as a place for observing nature, while the Russian students
valued the forest less as a place for recreation. (Ikonen 1999;
Eloranta 2000; Eloranta & Ikonen 2000.)
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3. SIGNIFICANCE OF EDUCATION,
KNOWLEDGE AND NATURE-RELATED
ACTIVITIES
There are numerous study examples concerning the relation
between knowledge and attitudes (e.g. Kellert 1985, 1996; Ikonen 1999; Kuhlemeier, Bergh & Lagerweij 1999; Tikka et al.
2002; Eloranta 2003; Makki et al. 2003). This question essentially
addresses environmental education and the aim of sustainable
development living. The significance of education came up in
Kellert’s studies (1985, 1996) – persons with more education
had higher naturalistic, ecological, humanistic, moralistic and
scientific attitudinal scores (Likert scale), whereas less educated
persons had higher scores in utilitarian, dominating and negative
animal attitudes.
According to Tikka et al. (2000), attitudes, quantity of
nature-related activities, and knowledge about environment or
nature-related issues correlated closely. Affective and active
components correlated strongly with the other components in
the Finnish-Russian forest research, whereas the cognitive
component did not explain other attitudinal components (Ikonen 1999, 83-84). The Finnish young people had a better
knowledge of the ecology, while the Russian young people
showed more positive feelings and willingness to engage in
positive activities. Research on the subject of bears (Eloranta
2003, 49) showed a very significant correlation between scores
measuring knowledge in biology and scores in environmental
attitudes (in knowledge elements). In addition, the scores in
attitudes differed significantly between education and age groups,
and the girls’ scores were generally higher than the boys’, in spite
of the group being in upper secondary school. This is interesting,
both generally and in terms of Finnish schools.
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Much research has indicated that the relationships between
knowledge, attitudes and behaviour are very complicated. For
example, the Finnish-Russian forest research (Ikonen 1999)
showed that the youngest group (age 10-12 years) had the highest
scores in the behaviour component but the lowest knowledge
level. In the same way, Makki et al. (2003) showed (with grade 10
and 11 students) that the subjects had favourable attitudes towards
the environment but no environmental knowledge. Kuhlemeier
et al. (1999) found a very low correlation between participants’
environmental knowledge and their attitudes, and concluded that
“knowledge has not a direct influence on behaviour but it is
mediated by several factors”.
302

4. AGE
Significance of age has been an interesting question in the
attitudinal and value studies. Kellert investigated the development
of values about animals and nature in subjects between the ages
of 6 and 17 (see Kellert 1996, 46-51). At the beginning (age 69), children’s attitudes towards animals and nature were mostly
emotional or based on feelings, changing ‘dramatically’ after that
towards a recognition of factual understanding and knowledge
(age 9-12). “This phase of early adolescence reflects rapid acquiring of
knowledge, skills, and understanding of animals and the natural world”
(Kellert 1996, 49). Between 13 and 17 years of age a sharp
increase occurred in abstract, conceptual, and ethical reasoning
about the natural world. Kellert states that it is at this stage when
moral and ecological values become prominent.
We can ask, is the age actually the mediating factor, which
reflects the shared effect of many other affecting factors? These
could include the subject’s own developing phase, skills,
education, and formal and informal experiences (cf. Gigliotti
1992; Eloranta 1995; Leeming et al. 1997; Tikka et al. 2000).
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According to research by Asunta (2003, 83), age influences
attitudes differently depending on the country: the attitudes of
Finnish pupils become more negative from 7th to 9th grade, but
in Germany this trend cannot be seen. The attitude difference
between German and Finnish pupils was not significant in the
7th grade, but was in the 8th and 9th grades.
In the research on the subject of forests (Ikonen 1999),
comparing the results of age groups showed that students at the
secondary school level in both Finland and Germany had the
most negative relation to the forest. Among the Finnish groups,
the oldest subjects (students from the Professional Institute) had
the most positive attitudes. Positive feelings towards the forest
increased with age in all of the research data. In the bear study,
participants’ utilitarian attitudes differed very significantly
according to age group; this utilitarian attitude was generally
strongest in the youngest groups (Eloranta 2003, 48), which
supports Kellert’s results (1996, 48).
Evidently, research on the relationship between age and
environmental attitudes has presented conflicting results.
According to their research on air pollution, Tognacci et al. (1972
in Asunta 2003, 32) stated that age and gender were poor
predictors of concern. Leeming and Dwyer (1995) concluded
that age had a partial but not significant influence on
environmental attitudes. I am inclined to agree.

5. GENDER
Gender has been used as a categorizing factor in much of
the research on environmental attitudes (e.g. Järvikoski & Numminen 1987; Heinonen & Kuisma 1994; Ikonen 1999; Eloranta
& Ikonen 2000; Tikka et al. 2000; Asunta 2003; Eloranta 2003;
Makki et al. 2003). Females were shown to be more concerned,
positive and responsible as regards the environment and
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environmental issues than males (Järvikoski & Numminen 1987;
Tikka et al. 2000; Asunta 2003). This difference was significant
in the Finnish students’ attitudes but not the Germans’ (Asunta
2003, 83). In attitudes towards bears, males in the secondary and
upper secondary school groups were clearly more ‘naturalistic’
(interested in direct experience with the animals) than females
(Eloranta 2003), which supported earlier study results. According
to Kellert (1985, 1996) females are more humanistic and
moralistic than males, who appreciated more knowledge and
utilitarian elements in attitudes.
Concerning moral attitudes, the bear research results (Eloranta 2003) differed from the results presented by Kellert (1996).
According to the results, the girls’ attitudes towards bears were
not more favourable than the boys’. (The statements of moralistic
attitudes in the measure were planned according to Kellert 1996
and Thompson & Mintzes 2002.) It is obviously that bears, as
large predators and ‘kings of the forest’, arouse conflicting
feelings. These results need further research. It is known (Heinonen & Kuisma 1994) that complicated values such as those
relating to the environment are not formed until late youth (age
16-20).
Although many studies found girls’ and women’s
environmental attitudes, and behaviour, to be more positive than
men’s, results at variance with these findings are also presented.
Eagles’s and Demare’s (1999) research did not show the genders
differing in ecological attitudes, but females’ moralistic scores
were higher than males’. In the bear research (Eloranta 2003)
moralistic scores were unclear concerning gender, and the study
by Makki et al. (2003) gave girls significantly higher scores in
environmental knowledge and attitudes than boys. Generally, girls’
culture – education in the family, hobbies, attitude to school tasks,
traditional caregiving, emotional and aesthetic experiences and
so on – can be very different from what boys’ culture is. The
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effect of this underlying experience is not negligible in the
development of environmental attitudes.
Finnish boys’ utilitarian or negative environmental attitudes
are clearly evident in the comparative research with Russian and
German students (e.g. Ikonen 1999; Asunta 2003). This is an
interesting result, which needs further researching. Although the
same measuring has been used in these researches, it is always
possible that some students in the different countries/cultures
were more accustomed to Likert scale measurement than others.
It is interesting that parents’ education did not have the
same effect on each gender; for example, in Järvikoski and
Numminen’s study (1987) parents’ education had no effect on
girls’ attitudes. It has also been found that there are relatively
male-dominated cultures (e.g. in the Middle East) in which “the
household educational tone is more likely set by the father than
by the mother” (Makki et al. 2003, 31).

6. SUMMARY
The evaluation of attitudinal studies is not simple. Critical
opinions can be presented from many points of view. However,
there is reason to believe that the data from large questionnaires
– as in much of the research discussed in this article – give a
general picture of people’s attitudes and intentions of behaviour.
The present article has provided an examination of several
relevant studies (Table 1) on children’s and young people’s
attitudes to the environment and factors related to these.
Many of the studies concerning environmental attitudes
have focused on teenaged students (age 13–16). The findings
are often conflicting and differ according to gender. The ‘latency
phase’ of young people has been spoken of (Palmer 1993; Chawla
1998), because, during youth, it is often hard to see the ‘big
picture’. It is possible that in this period of unstable biological
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and psychological development, young people are more interested
in them selves and in the other gender, rather than issues such as
the environmental, for example. I would therefore say that age is
an important factor in attitudinal questions.
The environmental attitudes analysis results can be regarded
as very reasonable in the light of environmental education models
(e.g. Hungerford & Volk 1990; Jeronen 1995). The models reflect
phases of human development – from childhood to early
adulthood, from an emotional environment to the reality of
society at large, through experience and education. I know that
this is ‘education-model thinking’, but we can consider it as a
background. It seems certain that many things affect the
development of environmental attitudes, but, on the other hand,
one profound experience can change them as well (cf. Palmer
1993). How meaningful environmental experiences during youth
can change environmental attitudes could be the next research
question.
The realities of childhood (family, culture, natural
environment, incomes) lay the foundations of a person’s growth,
and also for environmentally friendly behaviour. Gender,
including the attitudinal differences found, is a very interesting
piece in this puzzle. The next question for further research could
be: ‘Why are Finnish boys’ attitudes so often different from those
of Finnish girls – and more negative?’ A still bigger question is:
‘Why do Finnish boys have a more negative attitude to the
environment and environmental issues than boys in the
comparison countries?’ In my opinion, the present analysis makes
it possible to settle these questions.
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ABSTRACT
Our paper shows how to organise the physics teacher education for prospective
teachers in the context of Broad view of Pedagogical Content Knowledge
(BPCK) in order to enhance students’ own progress process combined with
quality and quantity of needed knowledge and skills for successful physics
teaching and professional development. First, we introduce the general
theoretical framework based on BPCK. Then we discuss some traditional
features of the university physics teaching. Next, the program is introduced
at general level and the roles of the pedagogical studies including teaching
practice are discussed. Then the roles of the research-based special courses
for teachers in the department of physics are explained, and finally we conclude
with a discussion and some future guidelines.

Key words: physics teacher education, physics education, broad view of
pedagogical content knowledge
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1. INTRODUCTION
In the Finnish subject teacher education system students
apply for subject departments and accomplish their master’s
degree there. Furthermore, the Master of Science diploma
includes also the pedagogical studies and the teacher practises in
the faculty of educational sciences. The physics teacher education
programme at the University of Joensuu resembles programs at
other Finnish universities, but it also has its own features that
have been developed during last five-six years.
Our general theoretical framework for physics teacher
education is based on a revised and re-fined version of the
pedagogical content knowledge (PCK; see, Barnett & Hodson
2001, Aaltonen & Sormunen 2003). We are aiming to strengthen
physics student teachers’ knowledge and skills not only with
contents and traditional teaching methods, but taking into account
the following sub-items (cf. e.g. Aaltonen & Sormunen 2003,
Sormunen & Aaltonen 2003):
I Transformed subject-matter knowledge which includes such thing as knowing
how to present particular concepts and ideas, how to exemplify
important theoretical issues and relate them to what pupils already
know. Naturally, the deeply mastered subject knowledge is an essential
requirement for the growth of this kind of knowledge.
II Knowledge of pupils includes ways of acquiring information about pupils,
observing pupils as learners, and ways of using knowledge of pupils
in planning, as well as knowledge of pupils’ understanding of subjects
matter content, common errors, and hard and easy topics for pupils.
III. Knowledge of instructional strategies includes different teaching strategies
as well as strategies for creating learning environment, assigning tasks
to pupils, and organising pupils in groups.
IV Knowledge of curriculum and media includes knowledge of purposes of
teaching particular topic and knowledge of curriculum materials
available for teaching.

We call our model described above the broad view of
pedagogical content knowledge (BPCK). When we think the first
category, the gore of transformed subject-matter knowledge is
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in studying physics in the physics department in such ways we
will introduce in this paper. Studying physics content starts with
cum laude approbatur (CLA) studies, and is then combined to
didactical courses in the pedagogical studies and the laudatur (L)
level studies in the physics department. This area of BPCK needs
time, and especially, integrating situations to be developed during
teacher education programme: It starts in the first academic years,
is enriched during the pedagogical studies, strengthened at physics
laudatur level, and finally, discussed in the Master thesis.
The other categories of BPCK are more emphasised in the
pedagogical studies with teaching practises, and they are the tools
needed for understanding the processes of physics learning and
instruction. In this paper it will be presented how the introduced
sub-items of the BPCK can be approached during our developed
model of physics teacher education program.
We start with the overview of the traditional physics
teaching at university, and then we introduce our applied program
in the department of physics. Next, the content of pedagogical
studies will be presented; then we describe the feedback gathered
from the physics teachers graduated in Joensuu University, and
finally we conclude with a general discussion.

2. THE TRADITIONAL VIEW OF UNIVERSITY
PHYSICS
The theoretical courses and traditional laboratory works
The traditional foundation of physics can be achieved
through the traditional CLA level courses and laboratory works.
The courses consist of all the main domains of classical physics
and some aspects of quantum and modern physics. The lectures
tend to follow quite strictly the order and the content of the
course textbooks in use.
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The courses carry quite a wide content and the lecturing
is the main method to present the contents. Normally, homework
tasks are quantitative problems, in which the students apply
knowledge that “is learnt” on the lectures. Also, the final tests
measure mainly the students’ problem solving capabilities.
Correspondingly, the traditional laboratory works are aimed
to the most important discoveries of physics, e.g. photoelectric
phenomenon, Hall’s Effect, or understanding connection
between electric field and potential.
Unfortunately, it seems that average students do not realise
the importance of the examined phenomena. One reason could
be the lack of understanding the historical background of physics.
Consequently, they are more or less just following slavishly the
laboratory instructions and trying to get “right results” that match
with a value presented in the book of constants. However, they
might learn laboratory skills, how to make accurate measurements, and how to derive the needed measurement deviation
formulas.
In summary, traditional physics teaching can be considered
as a very efficient way to introduce many wide domains of
physics; however, we believe that a factual understanding can
only be grasped by the most talented students.

Students’ view of physics
Unfortunately, after the traditional courses students often
see physics, as Hammer and Elby (2003) have concluded, as a
collection of facts, formulas, and problem solving methods which
mostly are disconnected from everyday thinking – and students’
view learning as primarily a matter of memorisation.
In many cases traditional teaching leads to so-called dead
leaves model of learning (Redish 1994). According to the model
students try to remember presented physics (formulas), to do
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enough quantitative problem solving, to select the right formulas
in order to past the exam. After exam they delete all information
in order to make room for new material. We do not hesitate to
conclude that the dead leaves model is not desired one. However,
the instructional practices of the traditional physics teaching easily
guide our students to adopt undesired models (Elby 1999). As a
conclusion, something needs to be done. Otherwise, the learnt
undesired teaching and learning models move from universities
to schools with the just-graduated teachers.

3. PHYSICS TEACHER EDUCATION
PROGRAM AT UNIVERSITY OF JOENSUU
During last few years the physics studies for prospective
physics teachers have taken their present format (Table 1). The
CLA level physics studies have not been modified, except one
laboratory course, Experimental school physics with its total working
time of 120 hours, has been added. Only this minor addition
has been done because also forthcoming teachers have to study
all same and essential domains of physics than any other students,
e.g. forthcoming physicists. As a consequence, prospective
teachers do not feel being in a different situation than other
students since they fulfil the same basic standards regarding, e.g.,
problem solving and laboratory skills. Based on research by Lähde
(2002), it seems that our CLA studies compose a rational
foundation for the growth of the transformed subject-matter knowledge.
Normally students take Experimental school physics during the
second or third academic year, just before joining the pedagogical
studies and teaching practise at schools. The pedagogical studies
and training at school takes one academic year and it usually
takes place in the fourth study year. Except, the course of Basics
for instruction and learning parallel with Orientation practise have
been recommended to taken during first year. After pedagogical
studies the students return to the department of physics for
one or two years to complete their laudatur studies and the
master thesis (see Table 1).
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Table 1. The sequence of the studies in the physics teacher education* (the
courses introduced in this paper are in bold).
Cum laude
approbatur level in
physics
Pedagogical studies
including teaching
practise

Laudatur level in
physics

Master thesis

Ordinary physics courses: Mechanics, Photonics,
Thermal physics, Basic electricity,
Electromagnetism, Basics of quantum mechanics,
Laboratory practise, etc. Only one special course for
teachers: Experimental school physics
Didactical courses: Basics of instruction and
learning, Teaching and learning process, its
planning and assessment and evaluation,
Qualitative research practicum, Special issues in
instruction and learning (the didactics of minor
subject)
Teaching practise: Orientation practise, Basic
practise, Implementing practise (in other
institutions than University training school),
Advanced practise
Other pedagogical studies: Pedagogy for special
needs, School administration, Communication, etc.
Some physical studies partly modified for special
needs of teachers (160 hours) e.g., Material physics.
Special courses for prospective physics teachers:
Course of conceptual physics (many areas),
History of physics (many areas), Quantum
physics for teachers, Different instructional
approaches in physics teaching (under
construction), and Special laudatur (laboratory)
studies for prospective teachers (on different areas)
The process starts during the year of training and
pedagogical studies and continues on the laudatur
studies.

* A minor subject is usually mathematics or chemistry.

Before going to more precise contents of the special
courses in the department of physics the pedagogical studies
that take their place in department of applied education are
shortly described.
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4. THE ROLES OF DEPARTMENT OF
APPLIED EDUCATION AND PRACTICE
SCHOOL
The main feature of the pedagogical studies related to the
subject teacher education has been the didactical courses for the
main and minor subjects, as well as the teaching practises both
at the University practise school and at communal schools. The
students apply usually for the pedagogical studies in the first fall
of their studies. We claim that prospective subject teachers should
be selected as early as possible because the professional
development and pondering the various aspects of BPCK needs
time.
The pedagogical studies have been started in the first
academic year with Basics for instruction and learning parallel with
Orientation practise. The main idea is to offer for the physics and
mathematics teacher students a glance of their future studies
and to strengthen their motivation for teacher education
programme. Basics for instruction and learning has been on quite
general level, but also the questions of physics and mathematics
education have been taken into account. Simultaneous Orientation
practise at University practice school has included observation
tasks and short teaching sequences under supervision. The results
of these early pedagogical studies show quite remarkable effect
for teacher students’ motivation concerning the subject teacher
profession and the courses have strengthen students’
commitment towards the physics or mathematics teacher
education programme (Sormunen & Eronen 1998; Sormunen
& Ketolainen 1999).
The actual didactical courses, Teaching and learning process,
its planning and assessment and evaluation, and Qualitative research
practicum, have their turn after the CLA levels of the main and
minor subjects. The first of these courses is in autumn fall
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followed with Basic practise. The main emphasis is on curricula,
planning, instructional approaches and teaching methods, as
well as on learning assessment and teaching evaluation. The
achieved knowledge and skills are then practised at school. The
aim of these courses is to introduce and develop the various
aspects of the II, III and IV items of BPCK.
The aim of Qualitative research practicum is to introduce basic
principles of the case study and the action research in order to
give methods for evaluating teaching approaches. The students
plan an empirical case study according to their own interests;
gather and analyse data qualitatively. The research works are
presented to peers in spring fall and they are usually dealing with
conceptual understanding of pupils, document analysis of school
books or curricula, testing various instructional approaches, e.g.,
modelling or experimental work, designing a computer based
environment, etc.
In last three years the case studies have been suggested to
be pilot studies for master thesis’ empirical part in the physics
department. Such studies have been dealing with conceptual
understanding of pupils or content analysis of school books.
These “rehearsal case studies” combines again the II, III and IV
items of BPCK, and each study is presented to the fellow
students.

5. THE ROLE OF DEPARTMENT OF PHYSICS
Based on the research results from earlier studies (Asikainen et al. 2003; Hirvonen 1999; Hirvonen & Saarelainen 2001;
Hirvonen & Viiri 2002; Nivalainen et al. 2003; Sormunen 1999)
and on the intensive tripartite cooperation (between the
department of physics, the department of applied education and
the practice school) certain explicit aims and practices have taken
their shape for the L-level studies in the department of physics;
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the aims that are closely related to the sub-items of BPCK can
be presented under following titles:
1. Physical knowledge including aspects of the conceptual and
theoretical physics must be taken into account. However, one must to
remember that the conceptual physics is not separate part from other
physics learning practices but it is essential part of it – especially if
our students are tend to reach real and deep theoretical understanding.
It is clear that physical knowledge is necessary base for the growth of
transformed subject-matter knowledge.
2. Knowledge about physical knowledge is very closely connected to
the first aim. If we want to make our student aware of different aspects
of the physical knowledge it must be done explicitly and the students
must be helped to reach the aim. This aim is also being reached during
the pedagogical studies, in which the nature of science (NoS) is one
important topic. Also this aim is implicitly connected to the first, third
and forth sub-items of BPCK.
3. Understanding roles of practical work from two perspectives:
Students should understand how experiments and experimentality have
played different roles in the physics depending on the current historical
time (Layton 1990; Nott 1997). On the other hand, they should
understand how practical works play important roles in the teaching
physics (Hirvonen & Viiri 2002; Hodson 1996; Nott 2000). This aim
is also strongly related to the I and III aim of the BPCK.
4. Important role of history of physics. The understanding of the
historical timeline of physics reveals many important aspects from
the earlier physics studies. In the light of the history, also for many
students quite boring traditional laboratory experiments reveal their
real significance, e.g. photoelectric phenomenon, e/m, Milligan
experiment. Compare to the I and III sub-items of BPCK.
5. Some special areas need to be reorganised for prospective teachers.
Some special domains of physics need to be made more understandable,
e.g. the basics of quantum physics (Asikainen et al 2003; Mannila et al
2002).
6. All aspects of teaching and learning of physics appear together
in the format of Master thesis. Based on the cooperation between
the different institutions of the teacher education every teacher student
has a great opportunity to discuss different aspects of physics and
physics teaching in their master thesis. All the re-fined aspects of
BPCK appear more or less in master thesis.
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As it already was mentioned, the CLA studies are same
for both prospective physics teachers and physicists. Based on
our experience and the survey results collected by Lähde (2002),
despite of the high school curriculum reforms after the high
school studies average students like to study the main domains
of physics through very traditional way. They have a strong view
that by listening the lectures and performing problem solving
tasks they are meaningfully widening and deepening their physical
knowledge.

Experimental school physics
Based on the research (Hirvonen 1999a; 1999b; Hirvonen
& Saarelainen 2001; Hirvonen & Viiri 2002; Sormunen 1996) it
seems that the course of Experimental school physics causes first
desirable “shock effect” which awakes our students to realise
that mastering physics is more than a mere ability to use a formula lists for traditional problem solving.
On the opening lectures of the course different meanings
of experimentality in the various times of the science history
are presented. Furthermore, the different instructional
approaches in their times, learning theories, and their effects to
the instructional use of experimental work at school are shortly
discussed. The students have to understand how different
instructional “trends” have affected to the experimental school
teaching and what kind of problems teachers have faced, for
example, with the discovery learning (Hodson 1996); cf. the III
sub-item of BPCK.
Students have also been reminded how many problems of
the experimental teaching can be avoided if pupils’ priorknowledge, that works as a primary base of learning and
observations, is taken into account. There is no any objective
observation. This notion is strictly connected to second sub-
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item of BPCK knowledge of pupils. Consequently, the barely
analysis of subject knowledge or historical development of the
subject cannot offer the rational base for the school instruction.
On the practical part of the course the students design and
implement experimental teaching sequences by using different
instructional approaches (Hirvonen & Viiri 2002). The subjects
are on the same level than the upper secondary school books
present them. For example, the “perceptional approach” (Kurki-Suonio & Kurki-Suonio 1994) has critically been applied, but
at the time also some other ideas are also taken more serious
place in the theoretical framework. Furthermore, computer based
measurement systems have been applied in adequate situations.
However, the leading idea is that at first students have to
determine the aim of teaching and after that they are allowed to
start planning experimental teaching sequences. By that students
really realise the importance of subject mastering.

Course of conceptual physics
After the pedagogical studies and teaching practises the
students are very realistic about their actual level of physics
mastering. Therefore, they are more than ever eager to use their
final year(s) effectively in order to reach the level of understanding
that is needed for successful physics teaching. The ground is
fruitful for the L-level studies; the first course being Conceptual
physics.
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This course carries three different objectives: to make
students aware of the conceptual physics, to enhance the
students’ conceptual understanding (I item of BPCK), and to
give them knowledge about known misconceptions concerning
various topics of physics (Nivalainen & Hirvonen 2003;
Nivalainen et al 2003). As it can be seen, our aim is enhance
students’ physical knowledge, especially in terms of conceptual
knowledge, to deepen students’ views about physical
knowledge, and also make them conscious of students’
misconceptions within different domains of physics (see II item
of BPCK).
In the beginning of the course the theoretical background
that concerns the significance of the students’ reasoning and
misconceptions is shortly discussed. For example, based on the
literature, it can be clearly seen how pupils develop imaginative
explanations or models in many domains of physics because the
lack of explanatory models in teaching. If pupils do not get
answers to their questions, e.g. concerning properties of electric
current or atoms, they form imaginative models of their own
that can work as a source of misconceptions.
In the next phase, students carry out six well-known
conceptual tests: Test of Understanding Graphs in Kinematics,
Force Concept Inventory, Heat and Temperature Conceptual
Evaluation, Determining and Interpreting Resistive Electric
Circuits Concepts test, Conceptual Survey in Electricity and
Magnetism, and Energy and Momentum. All test questions are
discussed thoroughly after each test. In the third phase the
students familiarise themselves with literature and prepared a
short seminar work that concerns one physics topic, the
misconceptions in learning, and suggestions on how to teach it.
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Based on the preliminary results the students have found
this course very useful and especially the conceptual understanding has improved significantly, but also the knowledge
about physical knowledge has became deeper (Nivalainen et al
2003). Also this course format was piloted in the in-service
teacher education program before taking it part of the
permanent education program.
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History of Physics
As it was already mentioned, the students do not necessary
realise how significant phenomena they are dealing with for
example in the traditional laboratory works. Furthermore, the
real understanding of significance of certain time periods is
missing, for example in the 17th century, or the crazy years of
physics in the beginning of 20th century.
On this basis it can be concluded that studying the well
design Course of history of physics deepens the students’ physical
knowledge but it also reveals and reorganises their knowledge
about physical knowledge (I item of the BPCK). Students realise
how different physical explanations and theories have played
different roles in the different time periods. Furthermore, at the
end of the course the students present their seminar works. These
seminar works often show how physicists have been working
together as a well organised network over the world even
hundreds years ago.

Basics of quantum physics for teachers
Although, there is the Course of conceptual physics we have
seen necessary to deal with the special area of quantum physics
in particular course. As noted by Asikainen et al (2003) and Mannila et al (2002) the conceptual understanding of quantum physics
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stay unclear after the traditional courses. This is unfortunate
fact, because there are many phenomena, e.g. black body
radiation, photoelectric phenomena, heat capacity dependence
from temperature that teachers try to explain at school.
Unfortunately, their explanations based on many times unclear
semi-classical models. Therefore, a cooperation project between
Universities of Joensuu and Helsinki was established in 2001
in order to develop and implement a quantum physics course
for teachers that emphasis the empirical bases of this exciting
area of physics (see the I and the III sub-item of BPCK).
The results published by Mannila et al (2002) show how
physics students at University of Helsinki are quite persistently
holding their quasi-classical and trajectory based explanations.
So, definitely more research and development work is needed in
this area. The new research based teaching sequence will be
implemented at University of Joensuu during spring term 2004.
The basic ideas were already piloted in the in-service teacher
education during academic year 2002/2003.

Master thesis and its status in physics teacher education
Thanks for well functional cooperation between different
units of teacher education we have a format of final work, in
which the main aspects of physics teaching come together.
Frequently, a teacher student starts to plan their Master thesis
subject during the pedagogical studies and teaching practise. It
makes possible to design and implement quite sophisticated
studies concerning pupils’ alternative conceptions or some cases
students have even implemented teaching sequences and collected
data. In the pedagogical studies they have methodological courses
where students can develop their skills and ideas in terms of
data analysing and interpreting results scientific way. Finally, when
students are back in the department of physics they have a change
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to deepen physical background and put all parts together. Many
times all the sub-items of BPCK appear more or less clearly on
the final report. Our teacher students had found this kind of
long term master thesis process rewarding (Lähde 2002).

6. FEEDBACK FROM OUR FORMER
STUDENTS WHO ARE SERVING AS INSERVICE TEACHERS AT THE MOMENT
Lähde (2002) implemented a survey in which our former
physics teacher students were asked to estimate their teacher
education. All together 21 teachers returned the questionnaire.
All subjects had graduated between years 1997 and 2002. Based
on the research results of the questionnaire Lähde (2002)
presented the following conclusion statement.
In general, the cum laude level physics courses offer
adequate knowledge for the teacher profession and in the laudatur studies it is possible to concentrate to the aspects of physics
that are important for the teacher profession. Especially, the Course
of Experimental school physics had been found very important for
physics teaching professional. Furthermore, teachers were
satisfied with possibility to do master thesis that concerns also
aspects of teaching and learning.
Some improvement proposals presented as well. The
teachers hoped that physics courses should be even more practical
and more utilisable in the teacher profession. Furthermore,
according the teachers the general atmosphere of the physics
department was not supporting equally forthcoming physicists
and physics teachers. They had felt that the future physicists were
more appreciated than the teacher students. These two main
concerns were discussed carefully within the staff of the
department and the situation is much better at the moment.
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7. CONCLUSIONS
We have proposed in our paper that a successful subject
teacher education demands at least two main aspects; first of all,
teacher educators in the different units must closely co-operate.
It is needless to say that it is not enough if only the heads of
the different institutions do some formal decisions. It is essential
that the co-operation exist between the people who are concrete
involved in education in their daily work. Like one our physics
teacher from practice school once announced, our main aim is
to educate good teachers. If we want to reach our aim, we have
to work together and understand the aims of the all operators.
So, the common theoretical framework is needed that all
operators from different units can recognise their own working
area which is a part of bigger wholeness. It seems that BPCK
could be a good starting point for the common theoretical
framework (cf. Aaltonen & Sormunen 2003).
Secondly, the development work of the physics education
should be taken as a scientific challenge (Redish 1994). There is
no doubt that the systematic research is the only reasonable base
for the development work. As we have been presented here, lot
of local research has been done on the special courses for
teachers. Many times, the ideas for the new courses have been
found from the literature or other sources, and later on the ideas
have been modified for our own purposes. Frequently, new ideas
have been piloted in in-service teacher education before taking
them as a part of the pre-service education program.
Therefore, teacher educators in all the departments have
to do research on the area of physics education. They must
also actively follow the research going on at all school levels
because they need to understand what they are working for.
The active participation in post graduation programs gives an
essential viewpoint to the teachers’ everyday work and
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problems. It is quite common that people present strong opinions
concerning teacher education althought they have no any contact
to teachers’ every day practise. Unfortunately, those opinions
base too often on only presenter’s own viewpoint that can be
purely scientific, e.g. pure physics.
A new challenge for developing the sequence of the physics
teacher education program is related to forthcoming rearrangement of the academic studies in Finland. The programme
has to be divided into candidate and master levels. Our opinion
is to include into candidate level the CLA studies of major
(physics) and minor subject and the first courses and the
orientation practise of the pedagogical studies. In the master
level there would be the L level studies of physics and most of
the pedagogical studies with teaching practises. For example, the
advanced practise at school has been suggested to being carried
out just before finishing the teacher education program. The
new arrangements are needed to safe the opportunities of the
continuum for pedagogical thinking and enhancing the first
phases of professional development in the physics teacher
education.
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ABSTRACT
Sociocultural views of learning and development have aroused educational
interest in science education. However, we lack information how participants experience
themselves as learners in socioculturally oriented classrooms. Therefore, the purpose
of this paper is to investigate processes related to student teachers’ teacher identity
building in classroom contexts. Our theoretical approach is based on the sociocultural
approach to learning and development. Methodologically, this study applies
interpretative research methods in analysing participants’ experiences embedded in
their narrative stories of chemistry learning. This paper reports a qualitative case
study following a three-step research design: pre-narrative, student-teacher participation
and post-narrative in order to highlight the processes involved in teacher identity
construction. The data of the study consists of the student-teachers’ written portfolios
including documentation, self-narratives and analyses in terms of evaluation of specific
aspects of their own past, present and future as learners of chemistry teaching. The
analysis of the narratives focuses on two dimensions, namely on temporality and domainspecificity of teacher identity building. The specific categories of both dimensions are
grounded on the narrative data of the study. The study sheds light on diverse paths of
teacher identity building and provides valuable information for the design,
implementation and evaluation of chemistry teacher education courses based on
sociocultural learning theories.
Key Words: collaborative inquiry, narrative approach, science education, identity
building, teacher participation.
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1. INTRODUCTION
Teacher learning and development based on different
conceptions on professional learning has aroused educational
interest in Europe (Kwakman, 2003; Lauriala, 1997) and in the
United States (Cochran-Smith & Lytle, 1999). Therefore this
study raises teacher education as the focus of research with the
aim to investigate student teacher participation in culturally
organized activities in chemistry teaching and the development
of their pedagogical thinking. The theoretical background of
this paper holds a conception of the learner as a cultural and
historical subject, embedded within and constituted by a network
of social relationships and interaction within the culture in
question (Vygotsky, 1962; 1978; Wertsch, 1991). Within this
shared conceptual framework, the task of teacher education is
viewed as giving student teachers opportunities to participate in
collective, cultural activities between peripheral and central
engagement (Rogoff, 1994; Lave & Wenger, 1991; Wells, 1999).
Through this participation student teachers position and evaluate
themselves as learners of chemistry teachership and their teacher
identity is being constructed and re-constructed. This paper aims
to shed light on the elements of teacher identity building
processes in socioculturally oriented chemistry classrooms, and
to provide educators with lenses through which to examine the
teacher learning and development.

2. THE COMMUNITY OF LEARNERS IN
CHEMISTRY CLASSROOMS
In recent years cognitively-oriented approaches to education
have been challenged by sociocultural theories. The former have
approached learning as an acquisition process which takes place
as a result of the individual’s active reconstruction of domain
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specific knowledge. Since the acquisition approach conceptualizes
knowledge as a kind of property that can be transmitted, the
goal of learning is seen as the individual enrichment of domain
specific concepts and procedures (cf. Sfard, 1998). The
sociocultural learning theories approach learning by examining
teacher learning in its culturally situated context (Cole, 1996;
Vygotsky, 1962; 1978; Wertsch, 1991; Wertsch, del Rio, & Alvarez,
1995) and hence, define the learner as a cultural and historical
subject embedded within, and constituted by, a network of social
relationships and interactions. Learning and development, then,
is explained by the changing nature of these relationships and
types of participation in cultural activities (Goos, Galbraith, &
Renshaw, 1999). Consequently, whereas the cognitivist views the
identity through a series of fixed stages, the sociocultural
approach holds that the self is constituted by engaging in cultural
activities which are dialogic, changing and contradictory in nature.
From this perspective, teacher learning can be seen as an openended process with the possibility of diverse ways of acting,
feeling and thinking (Renshaw & Brown, 1998). See more closely
Kaartinen & Kumpulainen (2001; 2004).
This paper committs itself to the theoretical stance that
learning involves transformation of participation in a
collaborative endeavour (Kaartinen, 2003). This is the theoretical
foundation of the concept of a “community of learners”,
involving participants who provide support in making their
thinking visible and hence are present in collaborative endeavour
(Rogoff, Matusov & White, 1996). To foster and support
participants’ active participation in instructional activities in the
core subject domains of the curriculum, this paper applies the
concept of a “community of practice” (Lave & Wenger 1991;
Wenger, 1998) in the design, implementation and evaluation of
the instructional conditions in chemistry. In this study, the
instructional activities and pedagogical practices were aimed at
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modelling culturally established practices of chemists in school
contexts. This was done with the help of the professional
approach, the language used, and the procedures of investigation
of a culturally authentic phenomenon.
Characteristics of collaborative endeavour that occurs in
participatory classrooms are elements such as action, reflection,
communication and negotiation (Illeris, 2002). The joint goal of
a learning community approach is to foster the emergence and
growth of these elements among its members to participate in
cultural activities of the community in question. It is important
that each member takes responsibility for participation and
community building. The sense of responsibility is not
automatically present in traditional classrooms, where students
work on standardized tests and they are expected to reach a base
level of understanding. Hence, they tend to form their identity
through being measured or by measuring themselves against the
standards (Bielaczyc & Collins, 1999). In a learning community
approach, the learner’s identity is formed through participation.
The members become who they are by being able to play a part
in the relations that constitute the community (Wenger, 1998).

2.1.Teacher Learning in the Community of Learners
In the present day there is a growing need for people who
are ready for lifelong learning and who know how to learn
(Kwakman, 2003; Säljö, 2000). This calls also researchers and
teachers of chemistry to instigate a large-scale educational reform
both at the school and at the university level. However, promoting
collaborative, context-bound school learning situations based on
sociocultural learning theories challenges chemistry teachers to
adopt a new pedagogical approach (Putnam & Porko, 2000). It
is largely admitted that traditional professional development
activities do not guarantee teacher adoption of a new pedagogical
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role (Darling-Hammond, 1998). This study applies the construct
“collaborative inquiry as stance”(Cochran-Smith, 1998) for teacher
learning and development. In this study this construct is aimed
at describing the positioning of the participants in the community
of learners when jointly negotiating the meaning and procedures
for the problem under investigation. The meaning of the
construct in this paper is highlighted in the following extract
from a participant’s narrative:
“ At least after today’s chemistry lessons I can be satisfied. We
namely carried out small experiments for four hours in groups
of five. Everyone had the opportunity to participate. When
working in a group I noticed that I was able to participate more
freely than I anticipated in carrying out experiments. I got
confidence from the others, who all the time carried out their
responsibilities in experimenting. Besides, the experiments were
nicely simply and they dealt with familiar phenomena from
everyday life. Through being that simple, they made visible the
underlying chemical reactions. When writing up my research
report I noticed how difficult it was to use the terminology of
chemistry to interpret some of the observations.”(Ninni)

Mutuality, participation and responsibility of the participants
in collaborative endeavour was present in Ninni’s narrative. These
are among the elements which support teacher identity building
in a community of learners. According to Wenger (1998)
participant’s identity includes the ability to shape the meanings
that define the community and the forms of belonging. This
study approaches the concept of identity through participation
and hence the focus is neither individual nor social. The focus
of this study is to justify the lived experience of the participants
in the community of learners. Therefore the focus in this paper
is the mutual constitution of the community of learners and
teacher identity building through participation (Wenger, 1998).
The uniqueness of each teacher identity in participation is traced
through the construction of the storymap (Richmond, 2002) on
the basis of the participant’s narrative constructed through the
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teacher education chemistry course. The following extract of
Ninni´s narrative nicely highlights the participant’s reflections
on her development during the course.
“After the end of the course it is good to reflect upon how I
developed through the journey or whether I developed. As I
wrote in my learning diary I achieved the main objective that I
had set for the course that is: I had the chance to carry out a
variety of experiments. To my pleasure I noticed in myself a
feature which had been lost for some time: It was nice to carry
out experiments, and the timidity that I complained of at the
beginning of the course was barely noticeable.” (Ninni)

The self-reflection of the participant reflects the voice of
empowerment through collaborative endeavour. She again
enjoyed learning chemistry and she was more self-confident as a
learner of a chemistry teacherhood. On a whole, the construct
“collaborative inquiry as stance” sheds light onto the collaborative
processes of teacher participation and learning. In the process,
the role of domain-specific knowledge in teacher learning will
be negotiated and renegotiated. The next chapter will elaborate
the changed role of domain-specific knowledge in the community
of practice.

2.2. Collaborative Inquiry in the Learning of Chemistry
The Collaborative, inquiry-based pedagogical approach to
chemistry education (Kaartinen & Kumpulainen, 2002) also pose
challenges regarding the role of domain specific knowledge.
Typically, experimenting plays a crucial role in traditional schoolbased chemistry learning situations. However, usually its role is
to verify the theory that has been presented in teacher-led
instruction. This pedagogical practice does not necessarily
guarantee that the students’ understanding will converge with
the scientific knowledge embedded in the instructional setting
(Schauble, L., Glaser, R., Duschl, R.A., Schulze, S., & John, J.,

CONSTRUCTING TEACHER IDENTITY
335
1995). The reason for this may lie in the fact that this kind of
learning situation contrasts with real-life learning, where the
problem is posed at the beginning of the problem-solving process
(Watts, 1991). The acquisition oriented view of chemistry
education stresses searching for exact answers and controlled
procedures in experimenting (Sfard, 1998). The application of
this view of chemistry education is often reflected in classroom
practices where the teacher is a science authority for the students
(Crawford, Kelly, & Brown, 2000; Russell, 1983). How would
the situation be changed in the learner-oriented view? In learner
based learning, chemistry education could consist of thought
and action opened up, in a sense, by immeasurable reality (von
Glasersfeld, 1989). In a community of practice this could be
realised in learning situations where participants approach the
theme of inquiry by posing questions and elaborating them in
joint activity. During the ongoing dialogue the community may
question, re-interpret, elaborate and verify explanations and relate
them to differing theories.

2.3. Tracing Teacher Identity Building in a Community of
Learners
This study applies interpretative research methods to
investigate student-teachers’ self-positioning as learners of
chemistry. According to Bruner (1996), interpretative research
is the systematic analysis of participants’ experiences embedded
in their life stories (see also Soini, 1999). In this study, an analysis
of the student-teachers’ narratives about chemistry was carried
out. This kind of approach shed light onto the diverse ways our
reality is constructed in differing classrooms. By using personal
narratives and diaries as a primary data source for investigating
the student-teachers’ self-positioning as learners of chemistry,
this study aims to make visible the participants’ experiences in
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their own terms. Hence, contextualism is a root metaphor in
guiding the experiences of teacher-identity building in this study.
The view of personal narratives in our approach is that they
represent internally consistent interpretations of the past as
presently understood, the experienced present, and the
anticipated future (Cohler, 1982). Hence, the role of the person
as a storyteller is to be continuously involved in a process of
meaning construction and to be oriented to the active realization
of purposes and goals (Hermans & Kempen, 1993). The
structure of narratives according to their movement over time
toward a desirable end state has been studied by Gergen and
Gergen (1988). According to them, narratives can be progressive,
regressive or stable. In progressive narratives the individuals link
experiences in such a way that development toward an end state
is visible. An example of progressive narrative in this study could
be the following: “My relationship with chemistry is rather distant. I
took only one course in the high school. In my opinion the teaching I got in
chemistry has been rather poor. I can say that my understanding of chemistry
is rather weak.”(Henrietta in pre-narrative) However, in postnarrative she thought: “To my mind I developed enormously during this
course. I feel that I now have much more better readiness to teach chemistry
than at the beginning of the course. To my mind I have learned to think
much more chemically. I understand for example some terms much better.
And I might even understand, why for example, sugar dissolves better in
warm than in cold water.”(Henrietta in post-narrative) In a regressive
narrative, the retrogression of the storyteller is visible, and in a
stable narrative no movement is seen in the development of the
storyteller.
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3. THE STUDY
3.1. Research Goals
The goal of this study was to investigate teacher-identity
building processes in socioculturally oriented chemistry
classrooms. An analytic tool for highlighting the temporality and
context-dependent nature of teacher identity building was
developed. The application and potential of this method is
demonstrated with a case study discussed in this article. The
case study consists of pre-narratives, student diaries and postnarratives written in a teacher education course with a special
interest in primary chemistry education.

The specific research goals for this study are:
· To develop an appropriate analytic tool to highlight the temporal and
content-specific nature of teacher identity-building processes.
· To investigate teacher identity-building processes in socioculturally
oriented chemistry classrooms.
· To investigate the connection between the nature of the instruction
and the students’ self-positioning as learners.

3.2. Participants
Altogether 60 university students (three groups of twenty
students) participated in the study at the Department of
Educational Sciences and Teacher Education, Oulu University,
Finland. One teacher was responsible for the course. The
participants were second-year student-teachers attending a
compulsory course on chemistry teaching.
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3.3. Description of the course
The context of the course in which the students worked
was derived from kitchen chemistry. The instructional goal of
the activities of the course was to develop the students’
conceptions of solubility, acidity, chemical reaction and
environmental issues of chemistry. All the activities involved
collaborative inquiry and experimentation. During the course,
the students worked in self-selected small groups. The average
size of the mixed-gender groups was four to five students. The
whole class of twenty students worked simultaneously in the
same classroom, carrying out their research designs for executing
the activities. The students’ research practices consisted of
making hypotheses, carrying out experiments, making
observations and drawing conclusions. The educational goal of
the science course as a whole was to develop the students’
conceptions of learning and instruction in chemistry as well as
to elaborate their conceptual understanding.

3.4. Data Collection
The data collected for the study consist of four 4-h
instructional units, realised in small group work activity. The
teacher participated as teacher-researcher in the course. The
primary data comprised students pre- and post-narratives, written
diaries and selected, analysed samples of collaborative activities
carried out during the course. Although the students worked
collaboratively during the course, the data consists of individual
reports and writings. The theme for the pre-narrative was “I as a
learner of chemistry teachership” and the theme for post-narrative
was “My future as a chemistry teacher”.
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3.5 Data analysis
In order to prepare the data for analysis, the studentteachers’ written accounts were transcribed. Then the transcribed
accounts were translated into English. In the first phase of
analysis, the data provided by the student-teachers were carefully
read several times and the units of meaning were abstracted.
The narrative data was divided into units on the basis of the
temporality and the content of the student-teachers’ selfpositioning. The categories were grounded in the narrative data
of the study. The categories for temporality were past, present
and future. The categories for content analysis of the narratives
were the following: me to chemistry, chemistry to me and learning
and instruction in chemistry to me. An example of the analysis
is presented in the Table 1.

4. RESULTS
The developmental path of teacher identity construction
will be discussed through three cases, namely through Riitta,
Heikki and Sanna. These cases were selected because of their
representativeness of the data and of their unique nature in
story telling. Three categories of teacher identity were abstracted
out of these stories. These were “Identity through others”, “Identity
with others” and “Identity through domain”. In the following, these
are discussed with empirical examples (see Table 2, Table 3 and
Table 4).
The example (in Table 2) highlights nicely the developmental
path of teacher identity construction in the case of Heikki. In
pre-narrative his relationship was rather weak and he
conceptualised himself as a learner of chemistry through others.
However, in post-narrative his voice had developed towards
chemistry teacherhood. He mentioned that the main thing he
learned during the course was the change in his attitude.
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Table 1. The analytic method for analysing teacher-identity building.
Temporal focus
Chemistry to me

Past
Present

Future

Domain-Specific
focus
Me to Chemistry Learning and
instruction in
chemistry to me

a story teller
evaluates the
relationship
between the
domain-specific
nature of
chemistry and
him/herself as a
learner

a story teller
conceptualises
and evaluates his
or her selfpositioning
towards
chemistry

a story teller
evaluates the
instruction he/
she has
participated in in
chemistry

“my relationship
is very weak”
“I am interested
in other things”

“chemistry was
never my
favourite
subject”

“I always had excellent
marks in chemistry”

“I am happy that
my conceptions
of chemistry
changed so
positively. Had
someone said
me two years
ago that you,
Riitta, will one
day like
chemistry and
you will want to
teach it, I would
have laughed.”

“chemistry could
be interesting, if
only I were
interested”
“ I am really
looking forward
to introducing
children into the
wonderful world
of chemistry.”

“ This course changed my
conceptions of chemistry.
Even during the first lesson
we carried out interesting
experiments which a
“layman” like me was able
to carry and even
understand. I could only
imagine how interested
children would be because I
was so happy myself.”
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Table 2. “Identity through others” - Case of Heikki
Temporal focus
Me to
Chemistry
Past

Present

Future

DomainSpecific focus
Chemistry to
me

”I have not
studied
chemistry since
the first year in
high school”
”in primary school
the applications of
chemistry are nice
for the children”
” I would like to ”the purpose of
teaching
be a teacher
chemistry is to
who is able to
plan instruction get children
enthusiastic
to be flexible
about the
enough for
modification on domain, to pose
the basis of the problems and
find answers”
children’s
needs”
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Learning and
Instruction in
Chemistry to me
” in secondary school I
had a really strict and
good teacher”

”the course changed my
attitudes towards
chemistry and I am
more ready to teach
chemistry in primary
school”

This example (in Table 3) shows that success in a subject
does not guarantee the positive self-positioning as a learner of
the domain. Being an open and social learner, Riitta did not find
chemistry to be her subject during school. However, she was
open to change in her conceptions. The collaborative, open
teaching methods during the course changed her conceptions
of chemistry and she was now eagerly waiting to teach chemistry
to children.
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Table 3. “Identity with others”- Case of Riitta
Temporal focus
Me to Chemistry

Past

Present

Future

DomainSpecific focus
Chemistry to
me

”my relationship is
very weak”

”chemistry was
never my
favourite
subject”
”I am interested in ”chemistry
other things, such could be
as psychology and interesting, if
languages. It would only I were
be nice to have a
interested”
better relationship
with chemistry
because it is
important to have
good relations in
every direction”
” I am happy that
my conceptions
changed that
positively. Had
someone said to
me two years ago
that you, Riitta, will
one day like
chemistry and you
will want to teach
it, I would have
laughed”

”I am really
looking forward
to introducing
children into
the wonderful
world of
chemistry”

Learning and
Instruction in
Chemistry to me
”I always had
excellent marks in
chemistry”

”this course changed
my conceptions of
chemistry even
during the first
lesson we carried
out interesting
experiments which a
”layman” like me
was able to carry out
and even
understand. I could
only imagine how
interested children
would be because I
was so happy
myself ”
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Table 4. “Identity through domain”- Case of Saara
Temporal focus
Me to
Chemistry
Past

”I got interested
in chemistry in
my early
childhood”

Present

”I am interested
in learning how
to apply
chemistry with
young learners”

Future

”to some extent
chemistry will
be part of my
teaching, I like it
and with
chemistry one
can get some
variation in
one’s teaching,
maybe some
domains related
to chemistry
would be an
alternative to
consider”

DomainSpecific focus
Chemistry to
me

Learning and
Instruction in
Chemistry to me
”the reason for
”it was my
chemistry being my
favourite in
favourite was an
secondary
unprejudiced,
school”
enthusiastic teacher
during high school. I
lost my interest because
of the theoretical
approach”
”at its best,
”which are the essential
chemistry is
questions to be dealt
interesting, the with, how demanding
domain where should experiments be,
one can explain how much theory
observations” should be connected
”chemistry is with chemistry”
interesting;
”the course helped me
children are
to come to some
naturally
conclusions”
curious about
investigations
and learning by
doing”
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The case of Saara highlights the identity construction of
the learner who was very domain oriented. She got interested in
chemistry in early childhood, this interest was supported by the
unprejudiced, enthusiastic teacher in secondary school. During
high school she lost her interest because of the theoretical
approach, but this loss was temporary. At the beginning of the
course Saara wanted to learn the pedagogical application in
teaching. In that, she was able to pose very relevant questions
concerning the teaching of primary chemistry. She was able to
learn during the course in order to reach some conclusions.
344

5. DISCUSSION AND CONCLUSIONS
The narratives written by the student-teachers present the
voices of the participants in collaborative inquiry as they reflect
their personal learning experiences in the community in question
(Rogoff et al., 1996). The story-maps constructed on the basis
of these narratives highlight the developmental and the changing
nature of the members’ identity building processes when
participating in diverse communities of practice. During this
participation, prior learning experiences are being examined in
the light of new experiences through the processes of reflection,
dialogue and collaborative inquiry (Beattie, 2000). The details of
the narratives make visible the processes of student-teachers as
they become members of communities of practices of science
teachers. In the process, the teacher-identity is being negotiated
and re-negotiated through the evaluation of their past, present
and future (Cohler, 1982) as learners of chemistry teacherhood.
The application of the participants’ narratives in the design, implementation and evaluation of teacher education courses
gives space to members’ voices regarding teaching, learning and
professional development. This means a shift from hearing the
voices of administrators and legislators in the form of orders
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and norms. The narrative approach adds the voices of studentteachers and the face of participants, empowering them as
subjects of education. When student-teachers tell their stories
teacher educators hear the authority and perspective that comes
from authentic practices. When teachers and teacher-educators
reflect on and express their voice about these narratives, the
voices of reflective practitioners are being examined and reexamined. (see also Zeek, Foote & Walker, 2001) To conclude,
the narrative examples presented in this paper offer the
possibility to provide educators and researchers with lenses
through which to examine the construction of teacher identity
in a community of learners. This study is aimed at making
visible the sociocultural practices of teacher education
classrooms, including the nature of their participatory and
meaning making processes. In the future participants’ narratives
across diverse domains and age groups will be investigated.
Studies of this nature are likely to open up dialogue with their
audience and potentially further develop educational practices
in teacher education.
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Prospective primary teachers´ views of
concepts related to pedagogical thinking
in science instruction
Tuula Keinonen and Minna Haring
Tuula.Keinonen@joensuu.fi
Department of Applied Education, University of Joensuu, Finland

ABSTRACT
The role of teachers´ conceptions about teaching science and learning science are
important for successful science instruction. There are not a general consistency
between pre-service teachers´ views of teaching science and their classroom
behaviour. Also the beliefs on the nature of science, teaching science and
learning science are not necessarily congruent. However, teachers´ contemporary
views of teaching (teaching as helping students construct knowledge and learning
as constructing personal understanding) have been found to have positive
influence on learning results. In this study the views related to pedagogical
thinking of prospective primary teachers are described by discovering their views
of teaching and learning sciences as also of science. This research is a qualitative
case study of 16 students and the data was collected in the form of narratives
written by the students. According to the findings students´ views of science
teaching or learning science as also views of science vary from contemporary to
traditional view (teaching as transferring knowledge).

Key Words: science instruction, pedagogical thinking, teacher education
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1. PEDAGOGICAL THINKING
Previous research has shown that primary teachers often
dislike science and lack confidence in their ability to teach it.
This is an important problem because students who hold these
attitudes are likely to avoid teaching science, or teach it poorly,
when they become teachers. As important as attitudes towards
science is pedagogical thinking concerning science instruction.
Teachers´ beliefs affect teachers´ instructional practise, thus
research on teachers´ beliefs has received much attention as
the educational paradigm has shifted from behaviorism to
constructivism and become one of the major concerns for
studies of teaching and teacher education (e.g. Tirri et al 1999).
In teaching natural sciences, it is essential what are the
teacher’s conceptions of the nature of science, on the one hand,
and how she/he is able to convey or communicate the nature
of the subject to her/his pupils, on the other. This
communication process is based on the teacher’s pedagogical
thinking and her/his metacognitive skills. These aspects are
essential in developing instruction. Seen from the viewpoint
of teaching a subject, the teacher’s knowledge of the discipline
together with her/his conceptions of the nature of science is
essential in the teaching and learning process. Consequently, it
has been recommended that the aim of science teaching should
be the development of understanding the nature of science
(Lederman 1992). However, even experienced teachers may
have rather naive conceptions of the nature of science (Tsai
2002). It is at least equally essential to know how the content
knowledge of a subject is turned into a teachable format. A
combination of content knowledge and pedagogical knowledge,
pedagogical content knowledge, is the most essential part of
the teacher’s professional skills (Shulman 1987, Uljens 1997,
Bullough 2001). In science instruction essential is content
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knowledge and the conception of how this content knowledge
is turned to the teachable whole. Depending on a discipline
and its structure, the pedagogical content knowledge varies in
different discipline and the corresponding subjects.
The teacher always views the content of teaching in terms
of the teaching process. In addition to materials knowledge and
general psycho-pedagogical knowledge, teachers develop a
special pedagogical content knowledge of how to teach their
own subject. The teacher is a modifying agent who transforms
knowledge to a form that the pupils can understand it. The
thinking focuses on the pedagogical process, and it is normative
and goal-oriented in nature. The rapidly passing events and
situations require fast responses and decisions of the teacher,
though the focus in the pedagogical process is more on planning
and evaluation than on instruction. The teacher has to have
pedagogical thinking in order to be able to encourage a learner
to build an understanding of the content knowledge and the
related learning objectives. (Shulman 1986, Kansanen et al
2000, Haring 2003)
Pedagogy in school comes true in a pedagogical process,
where planning, instruction and evaluation follow each other.
It is seen that teachers´ pedagogical thinking consists of the
thinking about the pedagogical process and of the thinking of
the pedagogical knowledge base. Teacher needs the knowledge
base in realizing pedagogical process and thus in making
decisions concerning her/his own teaching. To the pedagogical
knowledge base belong the conceptions of man, of learning,
and of the nature of knowledge. The knowledge base relies
also on the values, attitudes and experiences, as also on teachers´
knowledge and skills. (Shulman 1987)
Pedagogical thinking is different by nature depending on
is it directed to the pedagogical process or the knowledge base
of pedagogical thinking. The thinking about the knowledge
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base of the pedagogical thinking can be very descriptive and
benefits knowledge. The thinking on pedagogical process is by
nature normative and purposeful. Actions follow each other
insisting teacher to make decision rapidly. In this situation the
consistency between the pedagogical thinking and the action
may be low because of teachers´ inconsistent educational
theories. It is thought that people have different-level stable
theories concerning education and teaching, which partly are
conscious and partly non-conscious. Theory, which is realised
in practice, may differ from the theory constructed in isolation.
Behind the decisions may be found the action models, which
have been learned in own education process, and which are not
conscious. Especially in science instruction many class teachers
possess a model, which is born during their own school time.
Negative attitudes are connected to this model, but teachers
still try to apply it in their own instruction. It is therefore
important that teacher as also teacher students learn to describe
their theories and the possible inconsistencies. But, also the
education develops teachers´ pedagogical thinking (Dinkelman
2000, Jay&Johnson 2002).
The levels of pedagogical thinking can be seen as action
level, object theories level and metatheory level (Kansanen et
al 2000). Working on the action level is everyday teaching.
Educational decision-making is happening all the time; how it
is done varies, however from teacher to teacher. On this level,
basic teaching skills are needed and practical experience, as
well as practical situations guide the teachers work. The first
thinking level is the object theories level. Object theories
examine practise on the action level and one may build models
and totalities of the phenomenon in question. In principle, it is
possible to build many kinds of object theories, depending on
the aspect under consideration. On the first thinking level,
the teacher may have an inquiring attitude directed at her/his
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own action. The instructional process is then the object of
her/his thinking. Important, however, is that these possible
object theories may in turn be examined and a potential totality,
metatheory, may be built on these. Acting on the first thinking
level quite soon reveals that there are numerous occasions to
build theoretical models and frames for a teachers work. It is
possible to begin to compare them with each other and to
experiment with different examples. Metatheory represents the
second thinking level. The more the teacher reflects on the
premises of her/his teaching and the whole instructional
process, the more the value questions come into her/his
consciousness. Teachers may build a personal conception of
the instructional process.
The idea of teachers´ pedagogical thinking requires a solid
background in teacher education. During the education the
pedagogical thinking should be practised in order to develop it.
It is therefore useful to identify what kind of views about
teaching science and learning science prospective primary
teachers have. In this study in focus are students´ conceptions
of teaching science, of learning science, and of the nature of
science related to the pedagogical knowledge base and the views
of instruction, which is related to the pedagogical process.

2. Methods
The question, of what kind of research methods, are
necessary in pedagogical thinking is a problem in teacher
education. The more the teacher has expert knowledge of her/
his work and understands on which premises her/his decisionmaking is based, the more freedom and autonomy s/he has in
her/his work and the more critical s/he can be within the
curricular frame. Mostly teachers´ pedagogical thinking is
studied by analysing their work in its different dimensions;
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planning, implementing and evaluation. On the first reflection
level this instructional process is the object of her/his thinking.
In this study the views of the conceptions related to
pedagogical thinking by prospective primary teacher students
were investigated. The aim was to describe students conceptions
connected science teaching, learning science and the nature of
science. Students´ thoughts on their future work as also their
science education was in focus.
To investigate conceptions related to the pedagogical
thinking the narratives written by the sixteen primary school
teacher students were used. Students were asked to write one
page narrative about their Science and Technology -education.
During this one-year education in the term 1999-2000, attention
was paid specially to the nature of science and science
instruction that students could understand science more widely
than a collection of facts. Science and technology –education
includes courses of subjects (biology, chemistry, geography and
physics) and courses concerning the relations between science,
technology and society.
Students wrote the narratives at home after they had
finished the education. They had time one month after the
education for the writing. At the beginning of the education
they were told that at the end of the education they have to
write the narrative about their studies. The aim of the open
instruction for writing the narratives was to find out which things
students themselves highlight. Most of the students studied
third year thus they had almost completed their pedagogical
studies. Their other studies were different depending on their
specialization.
After reading the narratives twenty-six descriptions about
what students wrote were found. Data analysis of this qualitative
research focuses on the students´ views of the conception of
learning and the nature of science as also on science instruction.
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The categorisation of the data will be data-based and no
predefinition is used. According students’ experiences and their
thoughts the profiles of students’ views of the conceptions will
be formed.
The descriptions found in the narratives were grouped into
seven themes called education, science-technology-society,
science, self-assessment, instruction, background and criticism.
In this study two of these themes were analysed in detail:
- instruction including descriptions of teaching, learning and learning
styles
- science including descriptions of scientific knowledge and science.

3. RESULTS
Prospective primary teacher students describe in the
narratives their thoughts of science and scientific knowledge,
science teaching and learning science by writing about their
science studies but also about their future profession as teachers.
Their view of pedagogical process is concentrated mostly in
the instruction phase. They refer less to the planning phase
and not at all to the evaluation phase. Students describe
conceptions of scientific knowledge, science content
knowledge, and their teaching skills, which belong to the
pedagogical knowledge base. They describe also their
conceptions of learning. Students´ values, attitudes and
experiences are seen in their descriptions especially in those,
where they describe the subject courses and their background.

Science instruction
Most descriptions concern the role of inquiry as a teaching
method in science instruction. Students describe that the
learning science succeeds best by making inquiries or doing by
themselves.
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…with the pupils together investigating and thinking motivates
both the teacher and the pupils. P16
…it was nice to make inquiries by which it was learned by practise,
what is the role of the theory. P11
I think that it is a good thing, that in science courses the things are
handled by trying self, testing and observing. P7
…science can be made very interesting and concrete, if one is brave
enough to leave the book. P10
…I dare at least to try to illustrate for pupils by taking examples of
the real nature and teach multifaceted by inquiries…P10
… I would like in my teaching to point out pupils own experiences
in science by offering them an enough challenging learning
environment. P13

Students describe the active role of the learner
I don´t believe, that teacher can “pour” the knowledge in
my head, but I am myself an active searcher of knowledge,
constructor. P3
and they describe positively how the education has given
them hints for the search of knowledge
…while studying science teachers have shown me directions and
stimulated, and I have myself started to investigate… P3

Teaching as an action for giving hints is seen to be
connected to the construction of knowledge.
…courses have not given me directly the model for teaching, but helped to
construct the conception about the learning, how I can develop myself and
which model I want to give for the children…P13.

Students also describe teaching as a larger area of action
than they have thought earlier
…I am more ready to broaden my science teaching in my own
instruction… P3
…I have practiced to connect science studies and enjoying of the nature…
P12

and the knowledge of the teacher
…I think that in science studies essential is, that one can connect
different knowledge and make own conclusions. These abilities
needs also science teacher. P7
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…successful science lessons insist lot of preparation by the
teacher…P10
…teacher has not to be ´besserwisser´ and infallible, she/he has to
be interested in those disciplines, which she/he teaches...P16

Students describe the role of emotions, interests and
technology in science instruction
…best I remember those things, whose learning has been
interesting and which have given emotional experiences...P11
…in nature the senses come more sensitive...P12
…technology connected with science studies gives new viewpoints
for new and more multisided learning. P11

They also describe the role of the content knowledge and
write about the increase in their own content knowledge
…the teacher needs content knowledge nowadays in school…P5
…science teachers´ background must be in order… P5
…my own content knowledge has increased and thus I have more
confident base to teach. P13
…sciences are easier, because my own knowledge level has
increased. P14
…I have got a conception of the entity. P9

There were also statements of the students´ thoughts
concerning science learning like
…I like still to learn small things. P2
…my learning style is traditional, I want to use time for my studies
and to get as large knowledge base as possible. P3

Generally pedagogical thinking is different by nature
depending on is it directed to the pedagogical process or the
pedagogical knowledge base. Thinking concerning pedagogical
knowledge base is descriptive by nature. Students have
described pedagogical knowledge base by describing their
conception of learning, their knowledge and skills concerning
science instruction and science content knowledge. They also
describe their attitudes and experiences, which also influence
their pedagogical thinking. Thinking related to pedagogical
process is seen to be normative and purposeful, and can thus
not been described in this study. But students describe their
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conceptions of the teaching process concentrating the nature
of instruction. Students think that instruction has to be inquiry,
studies have influenced their own action, their content
knowledge has grown and instruction is hints for searching
knowledge. Some students think that teacher has to be able to
conclude, prepare lessons and accept that there are questions
without answers, interests affect learning, technology gives new
viewpoints for science teaching, and emotional responses are
important in learning and science is learning facts. One student
thinks that the best teaching method is demonstration and one
student had learned lot of difficult things but could not
understand how to apply this knowledge at school.

Science
Students described science remarkable less than science
teaching and learning science. The context of teaching is most
near the teacher students, which guides their thinking. Students
describe science as a wide branch of knowledge.
…important is to know how to find knowledge. P3
…important is to observe and to understand large lines. P3
…disciplines as a part of a larger entity. P12
…I see now sciences each other supporting disciplines. P3
…sciences are multisided. P11
…nature is big, large and marvellous entity. P11

Students have understood that scientific knowledge is not
absolute.
…I consider things more critical. P16
…all questions don´t have answers immediately, some never. P16
…knowledge changes. P16

They write also how they see science to be near everyday
life.
…most near the real life among the disciplines in school. P10
I observe now everyday phenomenon more exactly and deeply.
P16
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…one learns things related to science in everyday life. P7
…science as a part of everyday life. P12
…sciences have been whole time in my life. P3

Students describe science by its methods.
…there the things are handled by trying, testing and observing. P7
…I think now more by inquiry and I dare to try to demonstrate
for pupils…and teach by experiments and by inquiring. P10

But students also describe science as facts.
…one needs to remember lot of different things and sometimes
small details P4
…science disciplines are exact. P11

The conception of scientific knowledge is one part of the
teachers´ pedagogical knowledge base. Students describe this
knowledge as a wide branch of knowledge and they think that
science knowledge is not absolute. Students also describe
science to be near everyday life or science as making inquiries.
But still there are students who describe science as facts.

4. DISCUSSION AND CONCLUSIONS
Science teaching and learning science
Prospective primary teachers think that they are as future
teachers able to make demonstrations and inquiries in science.
Students also think that they offer possibilities for the pupils to
practical work with scientific inquiries. They think that science
can be made interesting by inquiries in the instruction and that
using school books is not the best way to teach science. They
clearly stated that learning is best by making inquiries or by
doing themselves. Inquiry-based science methods course can
indeed increase both interest and confidence as Jarrett (1999)
and Bohning&Hale (1998) have shown. Students think that
doing together with the pupils and using practical work both
motivates and helps the learning. They thus point out the
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interaction between students and teacher and student, which
Kansanen (2000) and Uljens (1997) have seen as a central factor
in the teaching-studying-learning process. This view of science
teaching and learning science is near the contemporary view,
which Tsai (2002) calls ´constructivist´ category. This category
views teaching science as helping students construct knowledge
and learning science as constructing personal understanding.
Students connect making inquiries directly to the active role of
the learner.
Students´ descriptions about the instruction as a source
of the hints for the search of knowledge confirm students´
contemporary view of science teaching and learning science.
Teacher giving hints offers the learner the possibility to be an
active learner, constructor of the knowledge. Inquiry as a
method to learn science and teacher as a guide for searching
knowledge together support the contemporary view of science
teaching, which students seem to have constructed in their
minds. They think that they are now able as a teacher to see
the connections between science and the environment and also
use different viewpoints in their teaching. They clearly state
some change in their minds towards the more contemporary
view of science teaching and learning science.
Inquiries as important part in the science instruction refers
to the process view of science teaching. The process category
can be seen as perceiving teaching science and learning science
as an activity focusing the processes of science or problemsolving procedures as Tsai (2002) has defined the category.
Students point out teachers´ ability to make connections
and conclusions. They think that the teacher has not to have
all information in her/his head. Highlighting of emotions and
interests in learning science is important viewpoint because it
is known that Finnish primary school teacher students often
have negative attitudes towards sciences (Ahtee 2003). Students
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think that they need to have positive emotional experiences to
learn science. The role of technology is to give new viewpoints
to the instruction.
The important role of the content knowledge alone in
students mind resembles the traditional view of teaching
science, which Tsai (2002) has defined as perceiving teaching
science as transferring knowledge from teacher to students and
learning science as acquiring or ´reproducing´ knowledge from
credible sources.
Students´ descriptions about science teaching and learning
science are collected in Table 1. Descriptions as also students
are grouped in categories of contemporary, process or traditional
view of science instruction with appropriate description words.
For each student the quantity of the descriptions is shown for
different descriptions corresponding to the descriptions
mentioned. The quantity expresses the descriptions of the view
altogether.

Science and scientific knowledge
Students mostly describe science to be a whole in opposite
to a discipline containing only facts, which also teacher needs
to remember. Pupils as also students rarely spontaneously
integrate information presented in isolation. Therefore science
instruction should not be focusing too narrowly on facts or
isolated pieces of scientific knowledge as also Songer&Linn
(1991) have concluded. Instruction needs to focus students
on constructing integrated understanding and support them in
the process of developing these integrations as students have
understood. Teacher students often see science as facts (e.g.
Palmqvist&Finley 1997), but this view can be developed by
education.
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Table 1. Students views of instruction.
view of instruction
hints and inquiry contemporary
view

inquiry -process
view

content knowledge
-traditional view

demonstration traditional
facts traditional
traditional

instruction is…
hints, inquiry, facts,
change in own action and
technology gives new
viewpoints
hints, inquiry, content
knowledgehints, inquiry
and emotional learning
inquiry, emotional
learning, interest,
technology gives new
viewpoints
inquiry and teacher needs
not to be besserwisser
inquiry, teacher´s role,
interests, technology
together with science
inquiry, teacher´s role,
interests
inquiry, learning content
knowledge, learned not
apply
learning content
knowledge, change in
action
learning content
knowledge
learning content
knowledge
inquiry (laboration),
change in own action
change in own action
demonstrations, change
in own action
facts
no mention on
instruction

quantity
14

student
P3(2+2+1+1+1),

P13(1+2+1)
P12(1+1+1)
20

P11(2+1+1+1)

P16(1+1)
P10(3+1+1+1)
P7(2+1+1)
P5(1+1+1)

12

P9(1+2)
P4
P14
P1(1+2)
P8
P15(1+1)
P2
P6
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Descriptions about science as facts and about the
knowledge, which is not absolute are closely related to the
contemporary or modern view of science, where science is seen
as a way of knowing (Tsai 2002). Conceptions of science as a
part of everyday life refers to the conception of science, which
is here called practical view. Students think that science is useful
in everyday life and its applications belong to our life. Therefore
teaching and studying science is seen to be interesting and
motivating. Students describe science to be inquiry, but these
descriptions of science refer more to the pedagogy of science
than actually to the nature of science. Therefore this view is
categorized as a pedagogical view. Students see science mostly
as a discipline, which they will teach in the future, not only a
subject, which they have to understand. Students see science
also as facts, which view is categorized to be the traditional
view of science. The views of science are presented in Table
2. In parenthesis are mentioned the quantities of the
descriptions of each individual student. The quantity expresses
the number of the descriptions of the view altogether
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Table 2. Students views of science.
view of science
modern view

description
…science knowledge is
not absolute...
…science is wide
branch of knowledge
practical view
…science is near
everyday life…
pedagogical view …science is making
inquiry…
traditional view …science is facts…

quantity
8

student
P16(3)
P3(2), P11(2), P12

5

P3, P7, P10, P12, P16

4

P7, P10 (2), P12

2

P4, P11
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Students
Three of the students in this study have the modern view
of science teaching and learning science, five have the process
view and eight the traditional view. Four of these sixteen
students have a modern view of the scientific knowledge. But
teacher students have also a practical or pedagogical view of
scientific knowledge, which is not necessary separate of the
modern view. Some students have descriptions in different
categories, thus they view of science is not unique in different
dimensions. These results are consistent with earlier research,
where primary teacher students as also teachers often have mixed
views of scientific knowledge (Palmqvist&Finley 1997,
Murcia&Schibeci 1999), or of teaching science and learning
science (Tsai 2002).
Comparing the descriptions of each individual student
about science instruction and scientific knowledge it was found
that for three students good science instruction is making inquiry
and giving hints (Table 3.). The view of science is a combination
of contemporary and practical view or of pedagogical and
practical view. Those students, who have the process view (5
students) of science instruction, have different views of science.
It is contemporary, combination of contemporary and practical,
or combination of pedagogical and practical view. And some
students did not write about science. These students have
mostly a traditional view of science instruction.
It seems that students´ view of science teaching and
learning science is related to the view of science. Primary school
teacher students have constructed in their minds models, which
they think that they use in their teaching. Their views of science
teaching and learning science are contemporary, process or
traditional views and their views of science are contemporary,
practical, pedagogical or traditional. Results resemble findings
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of Tsai (2002), that teachers have nested epistemologies of
science, science teaching and learning science. Primary school
teacher students reflect in their narratives also their experiences
and attitudes, which are parts of the pedagogical knowledge
base. Mostly they describe positive change in their thought.
They also describe their own skills, both content knowledge
and pedagogical skills.
Table 3. Relations between students´ views of science instruction and science.
student
P3
P12
P13
P11
P16
P7
P10
P5
P4
P9
P14
P1
P8
P2
P15
P6

view of instruction
hints and inquiry – contemporary
hints and inquiry – contemporary
hints and inquiry – contemporary
inquiry – process
inquiry – process
inquiry – process
inquiry – process
inquiry – process
content knowledge – traditional
content knowledge – traditional
content knowledge – traditional
content knowledge – traditional
content knowledge – traditional
facts – traditional
demonstrations – traditional no
no

view of science
contemporary and practical
pedagogical and practical
no
contemporary
contemporary and practical
pedagogical and practical
pedagogical and practical
no
no
no
no
no
no
no
no
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Prospective primary teacher students describe in narratives
their views of some concepts of the pedagogical thinking.
Because these study was not connected in actual teaching
situation, different decisions concerning everyday practise are
not described. Students´ descriptions are on the theoretical
level, what students think they will do in school in science
instruction. They do not reflect to what effects their decisions
probably could lead, but some remarks of this are seen in their
descriptions of learning science. Connecting views of science
teaching and learning science we have tried to describe students´
views related to the pedagogical thinking.
Earlier studies show that it is possible for courses to
improve pre-service elementary teachers´ confidence to teach
science. The research suggests that this is most likely to occur
when the science content courses are tailored specifically to
the needs of these students, and when the science method
courses emphasize inquiry or other student-centered approaches
(Palmer 2001). The science and technology -education is
developed on these background and the results are seen in
students´ thinking of science instruction. Palmer (2001) has
reported students´ notification that they had been positively
influenced by explanations using simple language rather than
jargon, well structured tutorials, hands-on activities that
emphasized variety, inquiry and the use of everyday materials,
opportunities to ask questions, and the use of a variety of
teaching strategies such as science trivia, personal anecdotes,
dramatizations, and demonstrations. Science and technology
–education will be developed to respond these ideas taking into
account students´ thinking found in this study.

368

TUULA KEINONEN AND MINNA HARING

REFERENCES
Ahtee, M.(2003). Primary teacher trainees´ attitudes toward physics. Paper
presented in the 20th Annual Symposium of the Finnish
Mathematics and Science Education Reasearch Association. Helsinki
October 10.-11.
Bohning, G. & Hale, L. (1998). Images of self-confidence and the change-ofcareer prospective elementary science teacher. Journal of Elementary
Science Education, 10, 39-59.
Bullough, Jr. R.V. (2001). Pedagogical content knowledge circa 1907 and
1987: a study in the history of an idea. Teaching and Teacher Education,
17, 655-666.
Dinkelman, T. (2000). An inquiry into the development of critical reflection
in secondary student teachers. Teaching and Teacher Education, 16, 195222.
Haring, M. (2003). Esi- ja alkuopettajien pedagogisen ajattelun kohtaaminen (The
similarities and differences in the pedagogical thinking of pre-school and first
and second grade teachers), Publications in education, 93. Joensuu:
Joensuun yliopistopaino.
Jarrett, O.S. (1999). Science interest and confidence among preservice
elementary teachers. Journal of Elementary Science Education, 11, 47-57.
Jay, J.K. & Johnson, K.L.(2002). Capturing complexity: a typology of
reflective practice for teacher education. Teaching and Teacher Education,
18, 73-85.
Kansanen, P. (1999). Teaching as Teaching-Studying-Learning Interaction.
Scandinavian Journal of Educational Research, 43, 81-89.
Kansanen, P., Tirri, K., Meri, M., Krokfors, L., Husu, J. and Jyrhämä, R.
(2000). Teachers´ Pedagogical Thinking. Theoretical Landscapes, Practical
Challenges. American University Studies. Series XIV Education.
Vol.47. New York: Peter Lang Publishing, Inc.
Lederman, N.G. (1992). Students´ and teachers´ conceptions of the nature of
science: A review of the research. Journal of Research in Science Teaching,
29, 331-359.

PROSPECTIVE PRIMARY TEACHERS´ VIEWS

369

Murcia, K. & Schibeci, R. (1999). Primary student teachers´ conceptions of
the nature of science. International Journal of Science Education, 21,
1123-1140.
Palmer, D.H. (2001). Factors Contributing to Attitude Exchange Amongst
Preservice Elementary Teachers. Science Education, 86, 122-138.
Palmquist, B.C. & Finley, N. F. (1997). Preservice Teachers Views of the
Nature of Science during a Postbaccalaureate Science Teaching
Program. Journal of Research in Science Teaching, 34, 595-615.
Shulman, M. (1987). Knowledge and teaching foundations of the new reform.
Harvard Education Review, 57, 1-22.
Songer, N.B. & Linn, M.C.(1991). How Do Students´Views of Science
Influence Knowledge Integration. Journal of Research in Science
Teaching, 28, 761-784.
Tirri, K., Husu, J. and Kansanen, P. (1999). The epistemological stance
between the knower and the known. Teaching and Teacher Education,
10, 601-615.
Tsai, C.-C. (2002). Nested epistemologies: science teachers´ beliefs of
teaching, learning and science. International Journal of Science Education,
24, 771-783.
Uljens, M. (1997). School didactics and learning. East Sussex: Psychology Press
Ltd.

Conceptual hierarchy of physics as a
principle leading to structured knowledge
in physics teacher education
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ABSTRACT
The main component of good physics teaching is good subject content. In
physics, teacher needs to foster proper understanding of physics central
concepts and laws and also give good understanding of its basic methods.
For that, teachers need to develop metacognitive understanding of physics
and its epistemology. This becomes possible only within the framework of
well organized knowledge structure. This goal brings in focus the conceptual
system as a whole and in particular its organization as hierarchical structure.
In this study it is discussed, what kind of conceptual hierarchy can be useful
as a vehicle in teacher education and on what characteristics of physics
knowledge and methods these views are anchored. In particularly, the role of
experimentality in creating the hierarchy of concepts and laws is discussed.
In order to make these ideas useful metacognitive tools for learning, we have
developed a kind of network representations to represent concepts, laws and
their interrelationships. We discuss how these network representations are
used in representing subject knowledge and how they can be used as a useful
vehicle for ordering the knowledge as organized structures in pre-service
teacher education.
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1. INTRODUCTION
Physics teacher is, in many ways, at a same time an expert
in physics as a discipline, in pedagogy. For physics teachers
expertise means not only content knowledge of subject matter
but also paying attention to students knowledge and conceptions
as a starting point for instruction, and monitoring students’
changing conceptions as instruction proceeds (Bransford et al.
2000, Mestre 2001). Furthermore, the teacher has to facilitate
those processes needed to interpret scientific concepts, uses of
quantitative and qualitative descriptions and ways of organising
scientific knowledge. Ability to think and solve problems depends
strongly on a rich body of knowledge about subject matter. This
“usable knowledge” is not the same as a list of disconnected
facts, instead it is “connected and organised around important concepts”
(Bransford et al. 2000, Mestre 2001). These views are in
agreement with the notion that essence of any conceptual system
is in its inherent organisation as a hierarchical structure. In
hierarchically organised structure the integration of new
knowledge by linking it as a part of network becomes easier (cf.
Bagno et al 2000, Mestre 2001). Instructional strategies that help
students to create a hierarchy seem to be advantageous for
learning new concepts (Trowbridge and Wandersee 1998). Quite
often, however, the traditional physics teaching leads to a
fragmented structure of knowledge; students are concerned with
the factual content of physics and definitional knowledge and
they have had no opportunity to build a picture of physics as a
whole (cf. Mestre 2001, Bagno et al 2000, Reif 1995). In physics
teacher education helping students to organise their knowledge
should be, therefore, a priority.
The approaches or instructional strategies teachers choose
are known to depend on their conceptions and beliefs on
structure of physics, its epistemology and the nature of science
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in general (Brickhouse 1990, Pajares 1992). Therefore, the
viewpoints emphasising the hierarchical nature of knowledge in
physics can be also expected to be reflected in teaching and in
planning of the instruction strategies and should lead to more
structured teaching approaches. As noted by Mestre (2001) “there
is an interaction between knowledge of the discipline and the pedagogy for
teaching that discipline which results, for experienced instructor, in a ‘cognitive
road map’ that guides the instructor while teaching.” Owing to the
significance of this interaction, the idea of the importance of
conceptual hierarchy in physics and epistemological role of
experimentality in building up this hierarchy has been one of
the main themes of physics teacher education in Department of
Physical Sciences in University of Helsinki (Koponen et al 2001,
Hämäläinen et al 2001). These themes have been of also of
practical utility in physics teacher education (Hämäläinen et al
2001, Jauhiainen et al 2002).
In this report we focus on the themes of conceptual
hierarchy and the role of experimentality that could support in
creation of it. It is described here how the themes are introduced
and discussed during the one-year course for pre-service teachers.
Attention is also devoted to ways representing the conceptual
hierarchies as different kind of organised networks. This is done
graphically in form of hierarchical network representations, which
students can use to represent network of concepts or organise
physics’ knowledge (concepts, laws and theories). We give
evidence that the course has helped pre-service teachers to shift
from fragmented to more organised knowledge structure and to
build up their expertise in subject knowledge of physics. As an
example we discuss how the physical meaning of concept
temperature is built up through ascending the hierarchy and how
it takes a part of larger conceptual network of heat and energy.
In both cases, focus is on the students’ process of building up
the understanding of the network-like structures of physics
concepts.
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2. A COURSE ON CONCEPTUAL
FOUNDATIONS OF PHYSICS (CFP)
Physics teachers in Finland teach physics at grades 7 – 12
in secondary school. Students obtain the M.Sc. degree from the
Faculty of Sciences (Department of Physical Sciences), and for
that they need 320 ECTS minimum. In the University of Helsinki studies consist of introductory and intermediate level
physics (common to all, equivalent to 53 ECTS), which are then
followed by separate studies for pre-service teachers. The separate
studies concentrate on the epistemological and methodological
foundations of physics, on physics as a discipline in school and
on practical school laboratories (30 ECTS). The pedagogical
studies (70 ECTS) are given at the Department of Teacher
Education and these include teacher training in the training
college. Moreover, there are studies in second subject, typically
Mathematics or Chemistry.
In physics teacher education one of the main challenges is
to build up a coherent view of physics as a discipline, which
teachers need in planning the instructional strategies and in
guiding students’ learning and problem solving. In order to meet
these challenges the separate studies for pre-service teachers at
the department of Physics contain a one-year course Conceptual
Foundations of Physics (CFP) which introduces central notions of
the physics’ knowledge structure, its epistemology and
methodology (cf Kurki-Suonio and Kurki-Suonio 1994). In CFP
attention is paid to the development of the hierarchy of concepts,
laws and physical principles emphasising the processual and
network-like aspect of conceptual systems. The main theme of
the course is the analysis of interplay of theory and
experimentality in the concept formation in physics (cf. KurkiSuonio and Kurki-Suonio 1994, Koponen et al 2001). The
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purpose of the course is therefore not to teach more physics but
to organise what have already been learnt.
During the course students are working in small groups
and prepare about 12 study-reports (summaries), part of them
network representations of concepts, which are two dimensional,
hierarchical, node-link representations that depict the major
concepts and relationships found in domain knowledge. The
concepts are linked by lines and, if needed, labelled with
connecting words that explain the nature of link. Although
network representations are quite similar to concept maps,
introduced by Novak (Novak 1989 and 1984, Mintzes and
Wandersee 1989, Trowbridge and Wandersee 1989) they have
also important differences demanded by the conceptual structure
of physics. Our strategy, in organising students’ working in small
groups, was to support students’ reflection based on their
previous knowledge and collaboration between students. Making network representations also helps students to clarify their
thoughts and integrate their ideas from a variety of sources; the
network representations serve as metacognitive tools helping
students to reorganise their cognitive frameworks into more
powerful integrated patterns.
Two examples of these network representations are
discussed here in more detail in order to show what kind of
development can be achieved. We have selected these examples
in order to demonstrate several goals of the course. However,
before introducing them a short overview in chapter 3 is given
how the conceptual hierarchy was approached in the course and
how its implications on teaching were discussed.
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3. CONCEPTUAL HIERARCHY IN PHYSICS AS
DISCUSSED IN CFP
In physics, the structure of knowledge is hierarchical. For
example, concept of velocity is needed to establish meaning of
inertial mass, which then precedes e.g. force in the hierarchy of
concepts (cf e.g. Jammer 1961). The organisation of laws,
relations between concepts, is also hierarchical; the uppermost
level contains the major principles, and the lower level laws are
subordinated to these more general principles (cf. Duhem 1954,
Campbell 1920).

3.1. Conceptual hierarchy as network
The hierarchy of concepts implies that they are complex
structures, like frameworks where special role is given for
interrelations between concepts. This viewpoint emphasises
concepts as parts of ordered knowledge structures or networks;
they cannot be defined semantically or in isolation of other
concepts; “rules connected to concept are parts of them as well concepts
are part of the rules” (Thagard 1992). These kinds of systems can
be meaningfully analysed as a network of nodes where each node
corresponds to a concept and each link corresponds to a
relationship between concepts (Thagard 1992, diSessa and Sherin
1998).

3.2. Quantifying experiments
The method of physics is to integrate new concepts in the
framework through experiments where the concept is
operationalised and made measurable through the pre-existing
concepts in the network. These experiments are quantifying
experiments where quality is transformed to quantity (Duhem
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1954). Quantifying experiment also form a new relation between
quantities in network and thus a new experimental law (Duhem
1954, Campbell 1920). It is through these quantifying experiments
the hierarchy of network is constructed. Therefore such
experiments acquire an important methodological and epistemic
role in physics (and in physics education). The epistemic role of
such quantifying experiments is quite different from experiments
and experimentality seen only in role of verifying or falsifying
theories or models (Popper 1998, Hestenes 1992, Franklin 2000),
when it does not actually contribute in constructing the meaning
of concepts (cf Nersessian 1984).

3.3. Constructing the network
In science the network of concepts is constructed gradually
and in that the descriptive and explanatory function of the
conceptual systems is of most importance. In learning the
conceptual systems are, however, acquired rather through
instruction than research. Learning is also working with and
building of the network. It becomes a continuous conceptual
change where new systems are obtained by addition and deletion
of nodes, agglomeration of branches of the network, or
restructurisation of the network as a whole (Thagard 1992,
diSessa and Sherin 1998).
In physics teacher education we aim to give a picture of
the knowledge formation of physics, which have the structure
as shown in Figure 1. Conceptualisation starts from the qualitative
level (perception), then advance on the level of quantities and
laws (quantification), finally entering the level of structured theory
and explaining models (structurisation).
Perception: foundation of the conceptual network. The construction
of meaning of concepts starts from the level of qualitative
knowledge by perception, which builds up basic mental
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constructions used as ordering elements or pictures, kind of
“gestalts” (Anderson 1986, Lakoff and Jonhson 1980), for
experiences and perceived phenomena. These gestalts, formed
by recognition and classification of phenomena and their
relationships, include not only entities (objects), but also
phenomena and their properties (Anderson 1986, Watts 1996).

Figure 1. Levels of the knowledge formation. The sequence of
knowledge formation starts from perception leading to quantitative level
of quantities and laws. The uppermost level is the level of structured
theory. In that level also models are constructed and used in
explaining.
Quantification: quantities as nodes of the network. Quantification
is the operational procedure, which constructs a quantity from a
property (quality). In it gestalts of mutual dependency of the
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properties become represented as relations between quantities,
and these representations are laws. Quantification is based on
experiments, which verify the defining law of the quantity, and
also tell how the quantity can be measured. In the process of
quantification the theoretical interpretation and experiment are
intertwined and experiment is always an interpretation of theory
(cf Duhem 1954, also Campbell 1920).
Structurisation: creation of the hierarchy of concepts. A reason to
pay attention to the structurisation (or restructurisation) is the
notion that introduction of every new concepts changes the
structure. A failure to pay attention to this leaves every new
concept as a loose addition to the structure and leads ultimately
to fragmented knowledge structure (cf. diSessa and Sherin 1998).
Taking into account the requirements of order of introduction
and structure is equivalent to paying attention to creating
organised network of knowledge.

4. DO WE GAIN SOMETHING? EXAMPLES
FROM THE COURSE
As an example of how the formation of meaning of
concepts was learned during the course we discuss here in more
detail a case study of concept temperature. First the formation
of meaning of concept through quantifying experiments and
theoretical structurisation is discussed. Then temperature as a
part of more extended network of concepts (heat and energy) is
discussed. In both cases the hierarchical network representations
are done by using concept nodes (boxes) and links between nodes.
Students were asked to produce a preliminary (diagnostic)
network representation before exercises and final ones as report
or summary after the exercise. In students representations
attention is paid on the changes in the representations, and it is
assumed that changes in set of successive network re-
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presentations reflects changes in understanding (cf. Trowbridge
and Wandersee, 1989). Data is based mainly in network graphs
students produced but interviews of five students and
videotaping these interviews were used to confirm the correct
interpretation of graphs. Details of analysis and methodological
questions will be discussed elsewhere.

4.1 Formation of meaning the concept of temperature
For this case study we selected the concept of temperature
for several reasons. Although, concept temperature is used in
everyday life and concept is familiar for students from their
previous introductory physics courses, its meaning in the level
of theory is not so simple and, therefore, difficult for university
students (cf. Taber 2000, Erlichson 2001). In lectures and in
exercises temperature and its development as a physical concept
at different levels of conceptual hierarchy was discussed on the
following basis:
1. Level of perception: Temperature is connected to sensory
experience of warm. The formation of temperature equilibrium
(when solid bodies are in contact or fluids mixed) lead to
conception of temperature as an intensive property of system.
Properties forming the qualitative of temperature are connected
to changes in state (freezing, melting, evaporation) thus adding
to the gestalt an idea of temperature characterising state.
2. Level of experimental laws: Quantification of temperature
in terms of thermal expansion of liquids, liquid thermometers
and scales are introduced. The ideal gas law as a basis for new
gas thermometer scale is discussed. It’s idealised nature and
dependence on model of ideal gas is analysed. The continuity
and ascending hierarchy of knowledge formation is emphasised.
3. Level of structured theory: The general principles of
thermodynamics and ideal Carnot’s cycle as basis for absolute
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temperature are discussed from point of view how theory guides
the quantification process.
The preliminary network representation was produced before
lectures and exercise sessions. Most of these representations
displayed the structure, where temperature is located at centre
of the network representation and more or less ambiguous
collection of concepts and quantities e.g. energy, quantity of
heat, heat capacity are scattered around the centre. One typical
example is shown in Figure 2. In brief, the representations had
no hierarchical structure; connectivity of concepts was poor and
superficial and clearly displayed the fragmented conceptions. The
interviews confirmed that preliminary network presentations
describe the students thinking in the beginning and interpretation
of them was correct.

Figure 2. An example of diagnostic network representation of one
student (redrawn for clarity). Note the correct recognition of context but
somewhat arbitrary and unphysical formation of connections
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Figure 3. Final map produced by the study group (compare with map in
Figure 2). Map was produced after instruction and discussion with the
instructor. Note the development of the hierarchy, reflecting the structure
of abstraction levels depicted in Figure 1.
The final network representation was produced during 2x45 min
exercises in groups of 3-4 students, where they were given enough
time to discuss over their task. Students were asked to produce
the network representation of development of temperature as a
physical measurable quantity, and locate on the network
representation the pertinent quantifying experiments. Students
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were instructed to follow as closely as possible the three level
hierarchy of perception-quantification-structurisation Having
reflected the first products in group discussions and discussing
about them with an instructor a tendency to draw network
representations in a way expected from hierarchical representations emerged. The simple structure with temperature
at the centre and loosely connected other
concepts around disappeared. Students were asked to
complete the final network representation as homework. In
Figure 3 a typical final network presentation of the study group
is presented. Typical to final presentations was that there were
several temperature concepts equipped with a sub index that
explain the position of the concept in hierarchical levels of
physics.
The final maps and interviews clarifying them suggest that
by constructing the maps students gain a more ordered
conception of temperature as physical quantity and they learn
to organise their knowledge in a more structured form. The
epistemic role of theory and experiments is also clarified. Students
also feel that they have understood the underlying principles and
really formed a new and better understanding of the subject
matter. These notions are supported by the interviews, where
students mention for example that (free translations from Finnish):
- Learning physics is like climbing step by step upwards, and every step is
needed. - - This is useful [making maps] because it organises thinking and
one recognises easily in what step something is missing. It is possible to build
a whole structure what one has learned.
- It has been nice doing and constructing the concept hierarchy… obscure
connections become more definite and probably some new connections emerge.

Further interviewing and the maps the students produced
suggested that although instruction helped students to organise
thinking and to form more coherent knowledge structures, they
were not able to learn concepts new to them (e.g. idealised
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thermodynamic cycles and statistical entropy) during the teaching
sequence. Moreover, they felt attempts to promote it confusing
and disturbing.

4.2. Establishing a network of concepts: heat and energy
A related but essentially different kind of example is the
construction of network of concepts, where many different
concepts are connected as linked hierarchical structures. Rather
than reflecting the development of certain concept, the hierarchy
is now between different concepts. This example demonstrates
also the role of experiments in network formation.
The principles of formation and structurisation of
conceptual hierarchies were discussed in lectures (two weeks,
four 45 min lectures per week) students were given a task to
construct a hierarchical network representation of the concepts
heat and energy, and also to identify the crucial quantifying
experiments. Students were asked to concentrate on task in the
level of introductory physics or as discussed in high school. In
exercises students were given high school textbooks and they
used them as a source material. The examples given here and
their interpretation are based only on written responses, and
notions done by instructors during the lecture exercises and small
group exercises.
During exercises it became evident that many groups had
difficulties in developing reasonable networks. Preliminary
representations were unorganised and fragmentary and contained
features, which from the point of view physics are impossible,
i.e. concepts in higher-level hierarchy preceding concepts in lower
level. Instructors then guided the construction by questioning
and also pointing out possible contradictions. These short
discussions resulted on gradual corrections on the hierarchy. Final
representations of hierarchy network representations were done
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after the exercise sessions. In Figure 4 is shown one example
(redrawn but structurally similar to original one) of the network
representations.

Figure 4. Final student map (redrawn) of network of concepts in a case of
energy and heat. Some elements not depicted in original maps are included for
completeness (dashed lines). The quantifying experiments (denoted by E1-E5)
located in network representations varied from three to seven, some of them given
in the list below. Also other experiments were suggested and discussed, but these
are not shown here for clarity.
Students were also asked to denote the role of experiments
in building up the hierarchy by locating some of the crucial
quantifying experiments in the network (see Figure 4 and the
caption text). In this a short written description to clarify the
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representation was required. This was completed according to
the principles of quantification-structurisation discussed in
section 2. The formation of meaning of concepts in the level of
perception was discussed in-group sessions but not denoted in
network representations in order to keep them simple enough.
E1: Quantity of heat. Experiments with mixing water at different
temperatures. Idea of quantity of heat as different concept from
temperature.
E2: Heat capacity: Experimentation with different solid materials
immersed in water. Idea that amount of heat is given up or received
during change in temperature.
E3: Latent heat of evaporation and melting: Quantitative measurements
with calorimeter. Idea of intrinsic property of substances connected
to changes of state. Starting point for understanding internal energy.
E4: Equivalence of electric power and heating power: Calorimetric
experiments done in context of measuring heat capacities. Idea of
energy conservation principle connected to transformation of energy.
E5: Equivalence of mechanical work and quantity of heat, Joule’s
experiment. Completes the idea of principle of conservation of energy
and transformation of energy.

Most maps displayed similar kind of features and, in
comparison to initial representations; there was clear development
in hierarchical ordering during the instruction. This was taken as
a sign of development of understanding of conceptual structure
and of principles how it builds up. Experiments are now also
conceived clearly in the role of forming the meaning of concept,
not only as verifying the already learned theory. The feedback
given by students after the course also supports this conclusion.

5. IMPACTS ON TEACHER EDUCATION
In the beginning of the physics teacher education the
students’ conception of knowledge seems to be static, factual,
and definitional. Rather than an organised whole the knowledge
in physics is seen as fragmented collection of facts. This is noted
also in students’ written responses and interviews, they e.g. note
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that: “The [physics contents] topics discussed in this course are familiar
from previous [introductory] courses, but now it becomes a bit more clear
how different things [concepts] are related. In previous courses it has been
that there is a thing [concept] named …and then we have done some
calculations.” There are many similar kind of notions in student
feedback, which taken together with other evidence discussed
suggests that during the course clear development in the students
conceptions take place.
As far as the students’ expressed ideas as displayed by the
maps discussed here can be taken to represent the development
in the understanding which takes place during the course, this
can be seen as a sign in gaining the expertise needed from physics
teacher. Among the most important things are: learning 1) to
integrate knowledge by linking it as a part of network, 2) to
interpret scientific concepts as a part of network, 3) to notice
features and meaningful pattern of information, 4) to see the
conceptual system as a whole. These qualifications characterise
the expertise in content knowledge in discipline and also
development of expertise in pedagogy. In this respect, it seems
that the course and instruction during it helps to achieve the
goal of facilitating expertise in physics teaching.
The network representations give also insight on the
principles how to design structured teaching approaches on
school’s physics. They can e.g. used in designing and representing
the plans for teaching sequences. These kinds of representations
as a tool for planning of teaching are utilised in another course,
concentrating on physics as schools discipline (cf. Jauhiainen et
al 2002). The ability to organise the conceptual structures around
the central (quantifying) experiments is also a running theme of
a third course of student laboratories, where students plan and
do experiments (cf. Hämäläinen 2001). For teacher, it provides a
unifying point of view and a strategy map, which by making the
network of quantities transparent helps to judge, which topics
in teaching are of most importance.
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6. CONCLUSIONS
The practical situation behind the ideas presented here is
the notion that quite often the traditional physics teaching leads
to a fragmented structure of knowledge. We have suggested here
that one way to facilitate the development more holistic and
organised expert’s viewpoint is to pay attention to the ways the
structure itself evolves as a network. It is argued that the structure
is necessarily hierarchical because the method to construct it is
based on quantifying experiments, always based on pre-existing
network of concepts. On the other hand, this means learning
the methodology and epistemology of physics, which is also
characteristics of expert’s knowledge (or meta-knowledge). These
ideas and views are clarified and made more concrete here by
discussing and analysing in more detail the two specific examples
from the course.
The approaches discussed here are used in the physics
teacher education in the University of Helsinki. The evidence
and feedback we have obtained encourages to think that many
of the goals set for the course have been reached: students’ learn
to express their knowledge and ideas in a more ordered and
organised form, they learn to master and represent larger
knowledge structures and to recognise the epistemic role of
experiments and models. On this basis we conclude that the
course really helps to facilitate the development of experts
knowledge in physics as discipline and in pedagogy.
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Dependence on Usage of Physics
Misconceptions by Year of Study among
Estonian Students
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Schoolphysics Center, Departement of Physics,
Tartu University, Estonia

ABSTRACT
Tthe presence of some misconceptions pointed out by the University of
Dallas (USA) was investigated among the students of Estonia. The
dependence of the mean usage percentage of the detected misconceptions
(both pointed out by the University of Dallas and the local ones found by us)
on the year of study of students (10th, 11th and 12th year of school and the
first two years after school) has been obtained. The results show that the
mean value of total detected misconception usage decreases with the year of
study in school and remains constant after school not depending on the
specialty chosen by the students after school. There was only one detectable
exception: physics students in spite of the fact that they had not taken any
physics courses after school at the time of testing showed a significantly
lower level of misconception usage than other students.

Key Words: physics, misconception, gymnasium, university
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1. INTRODUCTION.
Misconceptions are treated as obstacles in the process of
understanding science (Davis, 1997). Some types of misconceptions can produce mistakes even for students with good
algorithmic skills, if the problem to be solved needs a conceptual
approach. So, in the process of teaching physics it is necessary
for a teacher to take into account the possible presence of
misconceptions in a student’s system of knowledge.
The beginning of the systematical survey of physics
misconceptions started in the late 70s of the past century
(McDermott, Trowbridge, 1980, 1981; Gunstone, 1987). In these
surveys it was investigated how students understand different
physical phenomena and concepts and what difficulties they meet
in the process of understanding. Today, the most widely-spread
difficulties and misunderstandings are called misconceptions,
although there are alternative approaches (DiSessa, 1993; Hammer, 1996).
The investigation of misconceptions has significantly
intensified since the middle of the 80s. It is characteristic of
most surveys that misconceptions in any particular field of
physics are taken under observation (Engelhardt, Beichner, 2004;
Flores, Kanim, Kautz, 2004).
There are several classifications of misconceptions (Davis,
1997). Most surveys seem to show that misconceptions may be
very stable and easy to use by students in regarding problems
that need a conceptual approach. It has also been noticed that
the misconceptions may be caused by many different reasons.
Even physics textbooks and scientific texts that are supposed to
be scientifically correct and clearly understandable may produce
misconceptions (Sung, Rudowicz, 2003).
It is often considered that in the process of physics teaching
students understand the presented materials just as the teachers
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do. Unfortunately, that is not true and students may arrive at the
wrong conclusions, which will create a situation favourable to
misconceptions. Under these circumstances many authors pay
much attention to the process of misconceptions being formed
in many particular fields of physics (Arons, 1990).
There have only been a few, not very deep investigations
of physics misconceptions among the students of Estonia. The
present work is the first part of a more detailed survey in this
field. In the first step we tried to establish whether the physics
misconceptions presented by the University of Dallas on the
homepage (University of Dallas, 2003) are also present among
the students of Estonia. These misconceptions were said to be
most frequent among American students.

1.1 Aims of the survey
Schoolteachers and college professors in the US have
pointed out a number of misconceptions whose presence among
the students of Estonia was not yet established. Therefore, to
begin we point out the two main aims of the present work.
1) To establish whether the misconceptions pointed out by American
teachers are present among the students of Estonia and whether some
other misconceptions not mentioned in the starting list may be
detected.
2) To investigate the possible dependence of misconception usage among
students on the year of study; that is, to establish whether the year of
study of a student has any impact on his misconception usage.

We are dealing with five different year of study: 10th, 11th,
and 12th year of school and 1st and 2nd year of study in a college
or university.
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2. METHOD
The method of chosen answers test was used to obtain the
results (see Appendix B). We took 37 misconceptions (see
Appendix A) presented in the list of “American misconceptions”
under investigation. The choice was done on the basis of presence
of a particular field of physics that a misconception is related to
in the State Curriculum of Physics in Estonia.
The students according to the test could be divided by
gender also, but the analysis of gender-sensitivity of the usage
of misconceptions is not analyzed in this paper. The paper does
not deal with the problems of misconceptions in different
particular fields of physics or the possible origin of different
misconceptions, either.
The build-up of the test followed the goal that among the
chosen answers there would be one right answer (or the closest
one to the right answer) and some wrong answers. In the amount
of wrong answers there was one that corresponded to an
American misconception.
The test was carried out in 2003. The total number of tested
students was 1138. The target group could be divided by gender,
learn grade, specialty chosen after school, test versions A, B and
C, and the fields of physics. In this paper we divided the target
group by year of study and, in part, by the specialty chosen after
school.
All the questions of the tests are constructed using everyday
language as much as possible. Such an approach is well-known
because if posing the question scientifically very correctly, it’s
possible that the formulation will be too complicated for students
and they will not understand adequately what was actually asked
(Maloney, O’Kuma, Hieggelke, Heuvelen, 2001).
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2.1 Criterion for recognizing a misconception
When investigating the presence of misconceptions it is
obvious that we should investigate incorrect answers. As in our
tests the percentage of right answers was 53%, it means that in
the investigation of misconceptions we used only 47% of the
whole target group. In spite of this, the group under our
investigation enables some characteristic results in our field of
interest to be obtained.
Now we should define more precisely what we call a
misconception in our paper. We distinguished two types of
misconceptions on the basis of their strength of presence. For
this we must define the detection level of a misconception.
We used the following approach. If we suppose that a
question has four chosen answers (as did most of the questions
in our tests), the random (blind) answer to the question gives an
average of 25% to any answer. In the case of three chosen
answers that percentage will be correspondingly 33%. When
eliminating the right answer, the amount of answers under
interest will decrease by one. So, if the percentage of one wrong
answer in the case of four chosen answers exceeds 33%, we
should detect a possible misconception. It is easy to determine
the level of detection in the case of chosen answers. In the case
of questions that need a constructed answer, the approach was
more complicated. The detection level in this case was determined
by finding out all basically different incorrect answers. Thus,
detecting any misconception is possible if its percentage exceeds
the detecting level. We started detection when the percentage
exceeded the detection level by more than 5%. This 5% was
added in order to decrease the statistical uncertainties.
Thus we consider a misconception to belong to the II type
if a certain wrong answer (corresponding to the possible
misconception) is present with a percentage that exceeds the
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detection level by more than 5% in the case of the eliminated
correct answer, but does not exceed the percentage of the correct
answer. This type of detected misconception we can refer to as
“weak,” because wrong answers are more frequently chosen no
matter how high the percentage of the right answer was.
To point out the “strong” misconception or misconception
of I type, we compare the frequency (number of the answers)
of the detected II type of misconception to the frequency of
right answers to that question. We define a parameter
k = pII / pright, where pII is the frequency of a misconception
of II type and Pright is the frequency of the right answer. If k > 1,
the misconception is called “strong” or of I type.
Some questions in the tests had only two chosen answers.
These questions were abandoned for our analysis because two
chosen answers is obviously too little to obtain information about
misconceptions.

2.2 determining the mean misconception usage percentage and
its dependence on the year of study
At first, we should define the percentage of mean
misconception usage precisely. The percentage of misconception
usage at any year of study is the percentage of a wrong answer
probably corresponding to a misconception. This means that
the right answers are already eliminated and the presented
percentage shows only the role of this particular wrong answer
among all wrong answers. So we detect a misconception as
belonging to II type.
Firstly, the mean usage percentage of all detected
misconceptions (American and local together) was calculated for
all years of study. For that we used the method of weighted
means because of the fact that different misconceptions had
different detection levels.
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The weight factor for each misconception (wi) was calculated
as the ratio of the mean detection level (DL Mean) of all
misconceptions (30%) and a real detection level of a particular
misconception (DLi).
The weight factor

wi =

DLMean
DLi

If on a certain year of study the usage percentage of a
misconception number i is UPi, the mean misconception usage
percentage (UPMean) for that certain year of study will be
n

UPMean =

å w ×UP
i =1

i

i

n

where n is the whole number of detected misconceptions
(according to rules of detection of II type).

3 RESULTS
Together 17 misconceptions were detected. The list of
detected misconceptions (both American and local) is presented
in Table 1 with their detection levels (5% added), maximum usage
percentages and types (I or II). American misconception no. 5 is
tested by two different questions and for this reason the results
for this misconception are presented on two lines.
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Table 1. Detected American and local misconceptions among students of Estonia
Max
percentage
Det. level at any year
of study
Misconception (american)
+ 5%
38%
78%
1. An object moving in circle with constant speed
has no acceleration
38%
40%
2. Spacecraft travel in straight lines from one
planet to another
38%
45%
3. On refraction the frequency (color) of light
changes.
38%
40%
4. A positive charged capacitor plate only has
positive charges on it
18%
50%
5. Acceleration and velocity are always in the
18%
23%
same direction
15%
37%
6. An object moving in a circle will continue in
circular motion when released
38%
49%
7. When an object is released to fall, the
gravitational potential energy immediately
becomes all kinetic energy
92%
8. Freely falling bodies can only move downward 38%
38%
38%
9. Big waves travel faster than small waves in the
same medium
38%
63%
10. Hydrogen is a typical atom

Type
I
II
II
II
I
II
I
I

I
II
II
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Table 1. c ontinues
Max
percentage
Det. level at any year
of study
+ 5%
Misconception (local)
1. The gravity of Earth is caused by the magnetic
field of Earth
2. The amplitude of the oscillation is the distance
between minimum and maximum of the
oscillating parameter
3. Heat and temperature are both measured in
degrees
4. The capacitance of a capacitor depends on it’s
construction and applied voltage as well
5. The frequency of a mathematical pendulum
increases with the mass of the pendulum
6. The higher is the frequency of a photon, the
higher is the velocity
7. The resistance of connecting wires in an
electrical circuit depends on voltage

Type

38%

58%

I

38%

64%

I

38%

45%

II

38%

49%

I

38%

50%

I

30%

33%

II

38%

56%

II

Next follows the graph presenting the dependence of the
weighted mean usage percentage of all detected misconceptions
on the year of study.
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Graph 1. The dependence of the weighted mean percentage of usage of
all detected misconceptions on the year of study. The intercepts represent
the standard error of the mean for each year of study. Linear approaches
are added according to our first-step model. Year of study mean grades
10, 11 and 12 at school and 1 and 2 years of studies at a college or
university. The starting level of 30% is the mean detection level of all the
misconceptions.
As for comparison some subgroups of the total group were
investigated. They were the students of the 1st and 2nd year of
the Tartu Aviation College (54 and 45 students, respectively),
the 1st year physics students of the University of Tartu (11
students) and the first and second year students of philology of
the University of Tartu (18 and 16 students, respectively). These
groups have been chosen because some of them study physics
or engineering subjects after school and one of them has no
connection with physics at all. It is also necessary to note that

DEPENDENCE ON USAGE OF PHYSICS MISCONCEPTIONS 401
the 2 year students of the Tartu Aviation College had taken a
physics course in the amount of 4 credit points, but the first
year students practically had not taken any significant physics
courses.
The abovementioned subgroups were chosen in order to
check if the specialty chosen by the students after school
(engineering, physics or the arts) had any influence on the
percentage of misconception usage.
Graph 2 presents the comparison of graph 1 with the
corresponding values for different subgroups of students after
school. Three different subgroups are under observation.

Weighted mean usage percentage
(%)

nd

50
48
46
44
42
40
38
36
34
32
30

Mean value
Physics
Philology
Aviation

10

11

12

1

2

Year of study

Graph 2. The comparison of the weighted mean percentages of
misconception usage for different subgroups after school with the
corresponding values for the total group. Year of study mean grades
10, 11 and 12 at school and the 1 and 2 years of studies at a college
or university. The starting level of 30% is the mean detection level of
all the misconceptions.
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4 DISCUSSION
Here we present the basic results of our survey with
discussions of every particular result.
1. Detecting the presence of misconceptions is possible by
using chosen answer tests, which are undoubtedly the quickest
and cheapest way of testing.
The present work showed that even questions with four
chosen answers can give a picture of the presence of possible
misconceptions in the field of physics. There are of course a
few reservations. Firstly, the amount of chosen answers should
be optimized (it should be big enough for statistics but not very
big in order to not confuse a student). Secondly, the result is
dependent upon the certain formulation of a question and given
answers. In our work we tested one possible misconception with
two different questions (see Table 1.). The results show that the
misconception was detected in both situations, but once it was
detected as belonging to type I (“strong”), but the other question
showed the misconception to be of type II (“weak”).
2. The presence of misconceptions in physics among
students depends to a large extent on the local learning
environment (curricula, traditions, etc.)
In our survey we proceeded from the list of misconceptions
presented by the University of Dallas. The results show that
only 10 of 37 American misconceptions (see Table 1.) were really
present among the students of Estonia. Therefore we detected
7 misconceptions not directly related to the American ones. This
result shows that misconceptions should be investigated taking
into account several local parameters (history of teaching physics,
available national textbooks and other literature, national
traditions, etc.)
3. The usage of misconceptions among students decreases
with the year of study at school.
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In fact, this result was expected, and for us it is confirmation
that the methods we use give adequate results. At school students
of Estonia take obligatory courses in physics (mechanics, heat
physics, electricity, optics, atomic physics and cosmology). This
means that the students at the end of the school having taken all
obligatory courses use fewer misconceptions in explaining
physics.
4. The usage of misconceptions will not chance for two
years of studies after school.
Our results show that if students continue studies after
school, the use of misconceptions among them will stabilize at
the level according to our first step model. In fact a more
complicated dependence is present on the graphs, but under our
statistical uncertainties we cannot interpret that. This result
enables us to say that the major part of knowledge and skills of
physics students is acquired at school. Further studies at high
schools or universities do not have a significant impact on their
physics misconceptions.
5. The usage of misconceptions after school in general does
not depend on the specialty chosen by a student to continue
studies at a college or university.
This result shows in general that the usage of misconceptions after school does not depend statistically
(considering the standard error of the mean) on what the students
are studying – engineering (Tartu Aviation College) or the arts
(philology at the University of Tartu). We have also investigated
students of the Estonian Agricultural University and Tallinn
Pedagogical University and the results show the same tendency.
There is only one significant exception in this claim. The
exception is the first year students of physics of the University
of Tartu. The usage of misconceptions among them is quite
well on the detection level (see graph 2), which means that among
them the misconceptions were undetectable with our methods.
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This difference is very large compared to other first year students.
This result is interesting, because these first year students of
physics had not taken any significant physics courses at the university as of the moment of testing. The result could be explained
by the hypothesis that a group of students who have chosen
physics as a specialty have already acquired better knowledge
and skills at school in comparison to other students.

5 CONCLUSION
We might conclude that the investigation of physical
misconceptions must be carried out taking into account the local
situation in the physics teaching environment. This comes out
from the fact that very many internationally well-known
misconceptions may not appear in any local situation (as an
example for Estonian students).
It might be also concluded that the end of school is very
likely to be a “breaking point” from the point of view of physics
misconception usage. It truly seems that all possible tools for
reducing the usage of misconceptions are at the school, and the
further education of two years does not change very much. This
result, however, gives the preliminary information for future
surveys, where specific fields of physics and specific target groups
are to be taken under investigation.
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APPENDIX A
Nr. American misconception
1. An object moving in circle with constant speed
has no acceleration
2. Pressure is the same as force
3. All objects eventually stop moving when the
force is removed
4. The Earth’s spinning motion causes gravity
5. Spacecraft travel in straight lines from one
planet to another
6. Sweaters will make you warmer
7. Amplitude of oscillations is measured peak-topeak
8. In refraction, the characteristics of light
change
9. In refraction, the frequency (color) of light
changes
10. Laser beams are always visible by themselves.
11. A positive charged capacitor plate only has
positive charges on it.
12. Transformers can be used to change DC
voltages
13. Electrical companies supply the electrons for
your household current
14. An object moving in a circle will continue in
circular motion when released.
15. When an object is released to fall, the
gravitational potential energy immediately
becomes all kinetic energy.
16. Freely falling bodies can only move downward.
17. All the planets revolve about sun with the same
period

Test (A, B or C) and
question nr.
A2, B1
A3
A4
A5
A6
A7
A8
A9
A9
A10
A11
A12
A13
B2
B3

B4
B5
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18. Rockets need something (air) to push against.
19. Heat and temperature are the same thing.
20. Big waves travel faster than small waves in the
same medium
21. Light is a mixture of particles and waves.
22. All photons have the same energy.
23. The capacitance of a capacitor depends on the
amount of charge.
24. Voltage and current remain constant as in DC
circuits.
25. Electrons can be in any orbit they wish.
26. Acceleration and velocity are always in the
same direction
27. Velocity is a force
28. If two objects are both at rest, they have the
same amount of inertia
29. Heavier objects fall faster than light ones
30. Revolution is the same as rotation
31. The heavier a pendulum bob, the shorter its
period
32. There must be a medium for a wave to travel
through
33. Photons of higher frequency are bigger than
photons of lower frequency
34. If a charge is not on a field line, it feels no
force.
35. A conductor has no resistance.
36. Poles can be isolated
37. Hydrogen is a typical atom

B6, C6
B7.
B8
B9
B10
B11
B12
B13
C1
C2
C3
C4
C5
C7
C8
C9
C10
C11
C12
C13
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APPENDIX B
Test A
The present questionnaire contains questions with chosen answers. The
only one answer, closest to the right one, is to be chosen out and
marked by the ring around the letter in front of the answer. The
questionnaire is anonymous and the results will be used to improve
the school physics and make it more learner- friendly.
A. You are
a) male
b) female
B. You are a student of
a)............... form of a gymnasium
b) ...................year at the university on the specialty of..................
1. A body moves from the left to the right (see figure).

The direction of the velocity vector is pointed
by the arrow number............
2. if a body is in circular movement with constant velocity, the
acceleration will be
a) positive
b) equal to zero
c) negative
d) not determinable
3. A brick is lying on the floor on its largest face. If replacing the brick
onto its smaller face,
a) the force and the pressure both will increase
b) the force and the pressure will remain unchanged
c) the pressure will increase , the force will remain unchanged
d) the force will increase, the pressure will remain unchanged
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4. If to stop the action of a force that caused the movement of the body
and the body moves without friction, the body will
a) stop
b) continue moving with a constant velocity
c) continue moving with decreased velocity, but not stop
d) continue movement with increased velocity
5. The gravity of Earth is caused by
a) the rotation of Earth
b) the circulation of Earth around the sun
c) the mass of Earth
d) the magnetic field of Earth
6. The trajectory of a spaceship from one planet to another is
a) a straight line
b) a broken line
c) a circular line
d) a curved line
7. When you feel cold, you put on a pullover because
a) it gives heat
b) it does not let the cold in
c) it lets only the warm air to come in
d) it does not let the heat out
8. The graph of an harmonic oscillation is presented on the figure.

The amplitude of the oscillation is marked by the arrow number.......
9. In the case of refracting light
a) the frequency of the light is increasing.
b) the frequency of the light is decreasing
c) the speed of the light changes
d) the speed of the light remains unchanged
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10. The laser beam in the clear air
a) is always visible
b) is invisible
c) causes specific sound when propagating
d) burns always a hole into an obstacle
11. The positively charged plate of a capacitor contains
a) only positively charged particles
b) positively charged particles more than negatively charged ones
c) equally positively and negatively charged particles
d) more negatively charged particles, but they are drifted towards one
edge of the plate
12. A transformer is a device to
a) increase the alternating voltage
b) increase or decrease the alternating voltage
c) increase or decrease the direct voltage
d) to rectify the alternating voltage
13. In a power plant
a) a strong positive charge is produced and the electrons from the
electricity consumers begin to move towards the power plant by wires
b) electrons are produced and sent to the electricity consumers by wires
c) the oscillation of electrons is excited and it is transferred to the
electricity consumers
d) positrons are produced and sent to electricity consumers by wires
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Test B
1: A body is thrown straightly up from the ground. At the initial moment
of the movement the direction of the velocity vector is pointed by
the arrow no.......... and the direction of the acceleration vector is
pointed by the arrow no............... ( see figure)

2. A ball A is fixed on a horizontally rotating disc (see figure). The ball is
released at the moment shown in the figure. The direction of rotation
is shown by the curved arrow. Draw up the trajectory of the ball after
it has been released!

3. A body is falling. The potential energy of he body
a) is all changed into the kinetic energy
b) does not change
c) is rising
d) is changing into kinetic and other types of energy
4. A body in free fall can move
a) straightly down
b) straightly up
c) straightly up or down
d) in any direction
5. The periods of revolution of the planets around the sun
a) are all the same
b) are different
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6. A rocket can fly
a) only in the air
b) only in the vacuum
c) in the air and in the vacuum as well
7. Heat and temperature are measured
a) both in degrees
b) both in Kelvins
c) heat in degrees and temperature in Kelvins
d) heat in Joules and temperature in Kelvins
8. If someone is bawling loudly instead of speaking, the voice reaches
the listener
a) faster, because the speed of sound depends on its loudness
b) faster, because the speed of sound increases with the amplitude of
oscillation
c) with the same speed, because of the rise of air resistance
d) with the same speed because the speed of sound does not depend on
its loudness.
9. The dual nature of the light means, that
a) the light may consist of particles and waves
b) the light can be described as waves and as the flux of particles
c) the light is a mixture of particles and waves
10. All the photons
a) have same frequency
b) have same energy
c) have different velocities
d) have the same velocity
11. The capacitance of a capacitor depends on
a) the charge of the capacitor
b) the design of the capacitor
c) the design of the capacitor and the charge as well
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d) the voltage
12. In the case of alternating current
a) only the voltage is alternating
b) only the current is alternating
c) the voltage and current are both alternating
d) the voltage and current are not alternating
13. In an atom the distance between electrons and nucleus
a) may have any value
b) has only one certain value
c) has the value in some certain regions
d) has only two possible values
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1. A body is following the circular trajectory counterclockwise (see figure).
The direction of the velocity vector is pointed by the arrow no..........
and the acceleration vector is pointed by the arrow no...........

2. The velocity is just the same as the force. This statement is
a) true
b) true in part
c) sometimes true
d) wrong
3. We could say about the inertia of two bodies, that
a) the body of greater mass has greater inertia
b) the body of less mass has greater inertia
c) they both have no inertia
d) the body with less mass has no inertia, but the greater does
4. Two bodies having different masses are falling in vacuum. In the same
intercept of time
a) the body with a greater mass passes longer distance
b) the body with less mass passes longer distance
c) both bodies pass the same distance
5. Write the correct term chosen from “rotating” and “revoluting” to the
dotted area.
Earth is ............around the Sun. Earth is ............. around its axis.
6. A helicopter can fly
a) in the air only
b) in the vacuum only
c) both in the air and vacuum
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7. If to increase the mass of a mathematical pendulum,
a) the period of the pendulum will increase
b) the period of the pendulum will remain the same
c) the frequency of the pendulum will decrease
d) the frequency of the pendulum will increase
8. The light needs for propagation
a) a material substance
b) no substance
9. The greater is the frequency corresponding to a photon, the
a) greater is the velocity of the photon
b) less is the velocity of the photon
c) greater is the photon
d) smaller is the photon
e) greater is the photons energy
10. The force is acting to a charge in an electric field if
a) the charge is on a field line
b) the charge is not on a field line
c) the charge is placed anywhere in the electric field
d) the charge is on the field line or very close to it
11. The resistance of the converter lines in an electrical scheme
a) is equal to zero
b) is considered to be negligibly small
c) is great enough to be negligible
d) depend on the voltage applied
12. We divide a linear magnetic bar into two pieces (see figure). As a result
of this
a) we have divided the north and south pole of the magnet
b) two parts will appear with no magnetic characteristics
c) two new magnetic bars will appear with smaller dimensions
d) two bars will appear, with one having the north and south pole and
the other having no magnetical characteristics
13. Which one of the presented chemical elements has the most typical
atom?
a) hydrogen
b) oxygen
c) iron
d) there are no typical atoms
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ABSTRACT
Students’ understanding of the combustion phenomena has been under
investigation for several decades. However, most of the studies have constantly
disregarded the mismatch between organic and inorganic combustion in
students’ ideas. The aim of this study was to illuminate the mismatch, find
explanations for the mismatch and give tentative suggestion for upper
secondary school instruction based on the findings. Students’ general and
more specific ideas of the combustion were explored by an open ended
question and a cognitive test. The results indicated that the students seem to
blur and generalize the principles of the organic combustion phenomena
into the context of the inorganic combustion phenomena. For example, one
student thought that the iron wool couldn’t burn because it does not contain
carbon. Overgeneralizations were remarked also, such, as most of case the
reaction products involved carbon dioxide and water. The results suggested
that the inorganic combustion phenomena should be used more frequently
as an example of the combustion phenomena in the instruction. This could
help students to enlarge they conception of the combustion phenomena,
and also to see the similarities and dissimilarities between the organic and the
inorganic combustion phenomena.
Key words: combustion, organic substance, inorganic substance,
misconception
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1 INTRODUCTION
Traditionally, matter can be classified as inorganic and
organic. Combustion of organic substances usually produces
various compounds of carbon, hydrogen, and nitrogen with
oxygen, whereas combustion of inorganic substances produces
compounds of carbon and oxygen in special cases only. In the
chemistry instruction of the comprehensive and upper secondary
schools these special cases are seldom introduced. Widely
generalising, it can be said that combustion of organic
compounds produces carbon compounds, whereas combustion
products of inorganic compounds are other than carbon
compounds.
The quite sharp distinctions between the characteristics of
the phenomena are apt to generate stereotypes. This, again, affects
students’ perceptions of combustion at both a general and a
specific level. It is obvious that this has failed to attract adequate
attention in research.
Accordin to Mintzes, Wandersee & Novak (2000) we can
say that we have understood something, for example, when our
conception is in accordance with other people conceptions, it
doesn’t comprise contradictions with the other conceptions
related to the issue, it is free from irrelevancies and unnecessary
propositions and when our conceptions are in accordance with
the scientific view. Here, by conceptions is meant the conceptual
entities used as basic descriptive categories (e.g. carbon, air, ash),
and the relationships posited between these entities (e.g. hot air
raises). Conceptions are thus propositional in form and can be
judged as true of false in relation to experience. (Driver, Leach,
Scott & Wood-Robinson, 1994.) Before continuing, it is
important to clarify use of the term “misconception”. Many
terms, including “misconceptions”, such as “pseudo
conceptions” (Vygotsky, 1982), alternative frameworks (Driver
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& Ericson, 1983), naïve conceptions (Champagne, Gunstone
& Klopfer, 1983) and preconceptions (Hashweh, 1988) have
very fine shades of meaning depending on the context of the
research. However, for the purpose of this research, all these
terms have the same meaning. Specifically, the term
misconception is used to describe any conceptual or
propositional knowledge that is different from or inconsistent
with the accepted, scientific definition. (Nicol, 2001.)
Research has shown that students have many misconceptions on combustion phenomenon (Andersson &
Renström, 1981; Meheut, Saltiel, & Tiberghien, 1985; Andersson, 1986, 1990; Boujaoude, 1991; Prieto, Watson, & Dillon,
1992; Watson & Dillon, 1996; Rahayu & Tytler, 1999). A common
feature in all these studies was that phenomena and concepts of
combustion were understood in a variety of ways, regardless of
the students’ age or number of school years. As learning
progresses, people increasingly adopt chemical symbols denoting
substances both at the macroscopic and at the microscopic levels.
On the other hand, De Jong, Ahtee, Goodwin, Hatzinikita, &
Koulaidis (2001) and Lee (1999 a, b) has shown that still at the
university level people tend to have differing ideas about
combustion. However, there is little information available how
these misconceptions are related to combustion of organic and
inorganic substance.
The present study focuses on the mismatch between organic
and inorganic combustion in students’ ideas. The aim of this
study was to illuminate the mismatch, find explanations for the
mismatch and give tentative suggestion for upper secondary
school instruction based on the findings. The study was designed
to yield answers to the following questions:
1. What kind of general ideas do students have about combustion?
2. To what degree are these ideas linked to combustion of organic or
inorganic substance?
3. What kind of misconceptions there is regarding on burning of organic
or inorganic substance?

STUDENTS’ UNDERSTANDING OF THE COMBUSTION

419

2 METHOD
The students participating in the study were first-graders
of the upper secondary school (aged 16-17), except for three
students who were already in their second year of study. In all,
the six study groups involved 155 students: Group 1 consisted
of 26 students, Group 2 30 students, Group 3 18 students, Group
4 39 students, Group 5 29 students and Group 6 13 students,
respectively. Students for the groups were selected from upper
secondary schools of Jyväskylä and its neighbouring municipality.
The students had selected their particular schools for geographical
reasons or on the basis of their personal preferences. The teaching
groups involved in the study were chosen on the basis of their
availability at the time. As for the subject matter and type of
course, we concerned general and inorganic chemistry, and the
course was compulsory.
The data were collected by a cognitive tests and an end-ofcourse exam. Among other things, the cognitive test comprised
10 true/false statements and three open-ended problem-solving
tasks. The present study focuses on one of these open-ended
problem-solving tasks, i.e. on combustion. The same questionnaire
was used before and after the course. Due to personal reasons,
some of students’ were not able to participate to all
measurements.
One of the tasks was designed to elicit students’ notions
about combustion by asking them “What is combustion?” The same
question was shown after the course.
In the course tests students’ more specific understanding
of combustion phenomena was probed with the following
problem:
“In the left pan of a beam balance there is an iron weight of 5g,
the mass of which equals the mass of the wad of iron fibres
(’steel wool’) in the right pan.
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a) The teacher sets fire to the iron fibres and the reaction proceeds
to the end. Does this tip the balance, and if it does, how? Circle
the correct alternative. (You may assume that the position or
location of the objects in the pans has no effect on the balance.)
i) it tilts to the left
ii) it stays the same
iii) it tilts to the right
b) Why does the balance behave the way you stated?
c) Write the chemical equation for combustion of iron.”

5g

The presumption was that the question “What is
combustion?” would reveal students general - e.g. their intuitive
- ideas on combustion and that the other question might shed
light how these intuitive ideas may be related to the mismatch of
combustion of organic and inorganic substance.
The analysis and interpretation of students’ responses drew
on earlier studies by Meheut et al. (1985), Andersson (1986, 1990),
BouJoaude (1991), Prieto et al. (1992), Watson and Dillon (1996),
Ahtee and Varjola (1998), Lee (1999a, b), and Rahayu and Tytler
(1999). However, a closer look at the students’ responses to the
question “What is combustion?” and to the end-of-course exam
question revealed that the classification methods used in the
above-mentioned studies would be inadequate for this data.
Firstly, some of the studies concerned only burning of organic
substance, secondly, students were mainly younger in the above
mentioned studies than in this study, and thirdly, the previous
workers have been more interested about the students’
explanations of transmutation of substance and less about the
nature of combustible material.
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In the present study the analysis took account of answers
that contained initial substances or reaction products
characteristic of combustion of organic compounds, e.g. carbon,
carbon dioxide, hydrogen, and water. The essential indicator of
the mismatch was that some or all of these concepts were used
in the student’s explanation although there were no mention about
the nature of combustible material is organic. Or even worse,
student was aware that the combustible material is inorganic,
and still s/he is applying these concepts in her/his explanation.
Example: Answers to question “What is combustion?”:
“Combustion is a chemical reaction. Combustion releases
water, carbon dioxide and something else.”
“The energy of the matter is released and often oxygen
turns into carbon dioxide.”
Example: Answer to question “Write the chemical equation for
combustion of iron”:
“F + C + 2O2 Æ FO2 + CO2 + E (E=heat).” (Author’s note: F
taken as Fe)

In contrast, the analysis took no account of answers that
presented burning of an organic compound as an example, like
here:
Example: Answers to question “What is combustion?”:
“Consumption and disintegration of materials due to
oxygen. For example, burning of wood is combustion, as is also
rusting of metal and decomposing of weeds in a compost.”

3 RESULTS
According to figure 1, in the beginning of the course the
students associated combustion with the burning of organic
material in 7-28% of cases, and at the end of the course in 028% of cases, depending on the group. Percentual increase were
notice in the Groups 1 and 2, decrease in the Groups 3-5, and in

JARKKO LAMPISELKÄ
422
the Group 6 there were no percentual net change in students’
answers regarding on the mismatch. The question “What is
combustion?” should not gear students thinking particularly towards
combustion of organic compounds, so their answers evidently
reflect their primary conception of combustion.
35 %
30 %
25 %
20 %
15 %
10 %
5%
0%
Group 1

Group 2

Cognitive test, before

Group 3

Group 4

Cognitive test, after

Group 5

Group 6

End-of-course exam

Figure 1. Distribution (%) of students’ explanations across different
measurements wherein were indicators about the mismatch between
organic and inorganic combustion. (For example, Cognitive test, before =
student answered in the cognitive test held at the beginning of the course
that the “pure combustion produces carbon dioxide and water”.)
Example: Students’ answers to the question “What is
combustion?”
“Combustion is a chemical reaction where oxygen turns
into carbon dioxide and the combustible into carbon.”
“Pure combustion produces carbon dioxide and water.
Combustion calls for oxygen.”
“Combustion is a chemical reaction. Combustion releases
water, carbon dioxide and something else.”
These examples are representative of a number of other
responses, as well. Students talk about combustion as a chemical
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reaction that produces carbon dioxide and water, without
specifying what is being burnt.
One explanation for the net increase in students’ answers
in Groups 1 and 2 could be the use of many combustion
demonstrations which would have had an effect on students’
general idea on combustion. On the other hand, for example,
rather same kind and number of combustion demonstrations
were shown in the Group 3, and yet they scored quite distinctly.
Unfortunately, there was insufficient amount of information
about the practical work carried out in the different groups, so
after all, the explanations are highly tentative.
The situation would have been less startling, perhaps, had
this observation concerned only the question presented on the
cognitive test. What made it alarming was that the same tendency
could be detected in the course test, as well, where no reference
was made towards burning of organic compounds, specifically.
According to Figure 1, some 4-31% of students, depending on
the group, associated combustion of iron wool with features
pertinent to combustion of organic compounds in one way or
another.
Example: Students responses to the item “Write the chemical
equation for combustion of iron.”
“Fe + O2 Æ CO2 + O.”
“Fe + O2 Æ Fe + CO2.”

One such case was explained by the fact that the student
actually talked about combustion of steel. Steel does contain
carbon to some extent, depending on the quality and
manufacturing technique, which fact the student (obviously) took
into account. These results lend support to BouJoaude’s (1991)
findings that students may have detailed and specialist
information on some specific combustion phenomenon, which
knowledge they then use when explaining combustion in other
contexts. Below there is one of the most interesting responses
to the question concerning burning of iron wool:
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a) “i” (= tilts towards the weight)
b) “If the iron wool burns, it must contain some organic substance.
Combustion is combination of a substance with oxygen and as the
product carbon dioxide and water evaporate to the air. àWater and
carbon dioxide are evaporated from the iron wool à the mass
decreases.”
c) “Fe + O2 Æ CO2 + H2O Æ iron does not burn (it contains neither
carbon nor hydrogen).”

4 DISCUSSION AND CONCLUSIONS
In comparison to the studies by Meheut et al. (1985), Andersson (1986, 1990), BouJoaude (1991), Prieto et al. (1992),
Watson and Dillon (1996), Ahtee and Varjola (1998), Lee (1999a,
b), and Rahayu and Tytler (1999), we encountered a novel feature
concerning chemistry education. When explaining the
phenomenon of combustion, the students wielded concepts
pertinent to burning of organic compounds as if these concepts
were inherently called for.
A likely reason for this is excessive emphasis on combustion
of organic compounds and use of associated examples in school
instruction. True, combustion of organic compounds is a very
general natural phenomenon, but isn’t one aim of education to
widen the student’s world view? This dimension of chemistry
instruction and learning, i.e. distinction between combustion of
organic and inorganic compounds, has not been discussed in
any of the articles used as reference in the present study, which
only increases the value of these findings. Generally speaking,
the students’ answers can be explained as stemming from a basic
conception of the phenomenon that is still grounded on quite
detailed knowledge of a specific type of combustion, used by
the students to explain other instances of combustion.
This feature would have been easier to understand, if the
students had wielded these concepts only for the more general
question “What is combustion?”, but the concepts were used
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also when they were explaining the combustion of iron wool.
In view of this finding, it is particularly important, pedagogically,
to pay attention to the generalisations students develop and to
clarify the similarities and differences regarding combustion of
organic vs. inorganic compounds.
The research finding suggests a number of recommendations
concerning instruction. First, textbooks should offer a more
coherent overall picture of combustion and discuss the
combustion of organic and inorganic matter side by side.
Secondly, the problems with the textbooks can derive also from
the structure of the present upper secondary school curriculum,
which offers no very explicit guidance on constructing a coherent
conceptual whole. Third, misconceptions can be caused also by
the teacher’s established practices. That is, the teacher can,
unconsciously, favour experiments involving the combustion of
organic substances with the result that the students’ idea of
combustion will remain rather one-sided. Fourth, it is possible
that because of its familiarity, teachers consider combustion a
phenomenon easier to teach than what is actually the case. A
further quite credible explanation is offered also by the intuitive
model that students create on the basis of everyday observation.
A student constructs their preconceptions early, while at school
it takes many years before the phenomenon is first taught. Studies of conceptions have shown that intuitive conceptions are
stable, and as is well known, the ability of school instruction
to affect them is limited.
In conclusion and in light of the present findings, attention
should be paid to the following issues with regard to chemistry
education: what phenomena should be demonstrated to students,
and in what contexts; how the natural phenomena are connected
with corresponding chemical equations; what kind of
generalisations the students make, and how this development
of generalisations could be guided to the right direction.
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Historical Changes in the Physics
Curriculum in Estonia
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ABSTRACT
This article has been written to introduce a part of the doctoral dissertation
Renewal of the Physics Curriculum in Estonia. It aims to compare and analyse the
content and design of the physics curricula in three different historical periods
(the old, the Soviet and the new Estonian eras). Grounded theory has been
derived from a comparative content analysis. Data from relevant documents
were divided into units, blocks, and so on. The similarities and differences
between curricula have been identified and discussed from the standpoint of
how changes in the physics curricula are related to the new Estonian physics
syllabus. Modern physics teaching has adopted ideas from both the old
Estonian physics curriculum and the modern international approach, but has
also included much subject matter from the curriculum which existed during
Soviet rule.

Keywords: education, physics curriculum, grounded theory, content analysis.
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INTRODUCTION
This article has been written to introduce Historical Changes
in the Physics Curriculum in Estonia as one part of the doctoral
dissertation Renewal of the Physics Curriculum in Estonia. The doctoral
thesis contains two parts: a document analysis of different physics
curricula, and a pilot study, Physics Today 2000. Development of
the physics curriculum is a continuous dynamic process because
neither society nor science remain static, and teaching should be
made relevant to both.
Historically there have been three different educational
periods in Estonia after 200 years of control of the Russian
Empire:
1. Period of independence 1918-1940 (in this work, called “old Estonia”)
2. Soviet Union time (not including the period of German occupation
during World War II).
3. Period of independence since 1991 (in this work, called “new Estonia”).

Every period has a rich experience that could be used in
the design of a new and better physics curriculum. The attention
of research has been directed at the physics syllabus of lower
secondary school. The general part of the National Curriculum
1996 was already assessed by Finnish and Estonian experts in
1999. Physics problems how to chose content of subject matter
are not studied in Estonia. Fullan (1991, p. 68) stated that the
properties of a new curriculum itself are important for
educational innovation. Fullan emphasised the influence of local
characteristics, such as the pedagogical orientation of the teacher
and his/her beliefs about the teaching of physics. Social change,
scientific development, the revolution of information technology,
and a growing pluralism confront the educational system in a
new way through the issue of curriculum design. But scientific
analysis of the curriculum to date has mostly dealt only with its
logistical organisation: teacher training, textbooks, study-aids, and
curriculum development and support. In addition, research has
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been slowed by the lack of a common theory to make sense of
an analysis of the physics content of the curriculum. One
possibility is grounded theory, derived from analysis of gathered
data.
The content of physics education for society is larger than
is taught and learned at school. School physics is only a small
part of a real physics education. Karu (1996) explained in his
book Füüsika didaktika (Physics Didactics) that there is no clear
solution anywhere in the world about how to make choices for
the content of physics at school. One way is to make physics
relevant to students by choosing material that helps them
understand physics as part of the world in which they live. Table
1 characterises the content of school physics as a three-part
system (after Karu, 1996).
The basic goals of any physics curriculum are usually derived
from the three themes presented in Table 1- the knowledge,
Table1. The System of School Physics
Scientific part
Knowledge of physics
(laws, theories, principles,
experiments, phenomena)
Nature of physics as
science

Processual part
Physical methods
(observations,
experiments)
of using gathered
knowledge and skills with
the application of this
knowledge in both
familiar and new
situations

Ideological part
The value of physics in
society and as cultural
phenomena (philosophy
of physics, history of
physics, application of the
science of physics in
technology, economics,
and everyday life)
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method, and value of physics as science and as cultural
phenomena.
In this paper, the main research question to be answered is:
what kinds of similarities and differences exist in the design and
content of subject matter in the old, Soviet, and new Estonian
physics curricula at the lower secondary level, and how are they
are related to the new physics curriculum?
The primary research sources were the original historical
curriculum documents for different school levels in Estonia.
Articles from journals, the Internet, newspapers, and reference
books were a rich source of secondary material.
This paper helps to develop education in Estonia in two
main ways. Firstly, it gives examples of how to use grounded
theory in educational research. The scientific method is the
simplest means by which to design a theoretical base for a better
physics curriculum. Second, this research is the first attempt to
identify historical changes in the design and content of Physics
curricula in Estonia.

THEORETICAL STANDPOINTS
Different theoretical standpoints explain some of the most
important issues linked to this educational research according to
the research question.
“Education is a field of study - a locus containing
phenomena, events, institutions, problems, persons, and
processes that themselves constitute the raw material for inquiries
of many kinds” (Jaeger 1998, p. 9).
Scientific base of research work. What physics should be
learned? For Bruner (in Bybee et al. 1994, 373-374) the curriculum
of a subject should be determined by the most fundamental
understanding that can be achieved of the underlying principles
that give structure to that subject. In this statement, Bruner set
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knowledge as the primary goal of the science curriculum. He
followed with the idea that fundamental knowledge can be taught
in some form to any child at any stage of development. Mastery
of the structure of the discipline could be accomplished by
utilizing a spiral curriculum in which concepts were first taught
at an elementary level and then returned to again and again with
progressively more complexity . With specific reference to a
science curriculum, knowledge is … “facts”, “concepts”, “laws”,
“principles”, and “theories”.”(Bybee et al., 1994, p. 357). Typically,
in many national curricula, knowledge is supplemented with
practical exercises. An understanding of the nature of physics
as a science is emphasised.
Curriculum. Curriculum development as a discipline
emerged in the United States in the early twentieth century. It is
an administrative category of education. Franklin Bobitt wrote
the book How To Make A Curriculum (1924) in order to make
education more “scientific”. In his book, Bobitt argued that one
must be able to rationally justify the curriculum and the planning
of one’s teaching.
There is no common theory of curriculum, but there is a
broad field of research into curricula by a number of different
authors and projects. Some of the theories and models covered
in the present paper include those outlined in Gabel (1994),
Chambliss (1994), Proceedings of The II International
Conference: Curriculum Theory, Practice and Active Learning
in Changing Societies (2002), Jackson (1992), Lewy (1992), Sikula
et al. (1996), Taba (1962), Meisalo & Lavonen (1994), and others.
“Many science educators and teachers have an image or
model of the curriculum as a set of printed materials that can be
transported from place to place.” (Tobin et al., 1994, p. 48).
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RESEARCH METHODS
Theories. “Theory is an invention aimed at organizing and
explaining specific aspects of the environment. … Theory as
frame of reference … theory determines largely the type of
research design, the analytic approach, and the interpretation of
the results.” (Pedhazur & Pedhazur Schmelkin 1991, p. 181).
The method, which can be used a stepping stone to deeper and
further analysis, is a so-called grounded theory.
Grounded theory. Grounded theory is a theory developed
inductively from a body of data and grounded in systematically
analysed data. The grounded theory approach consists of a set
of steps thought to “guarantee” a good theory as the outcome.
Strauss (1994) would say that the quality of a theory can be
evaluated by the process by which a theory is constructed.
Grounded theory works through the following (mostly
overlapping) phases: data collection, note taking, coding,
referencing, sorting, and writing.
Before document analysis, certain physics curricula had to
be identified for analysis. Curricula were required to fulfill the
following selection criteria for each period (theoretical limitation):
1. At minimum, identify one curriculum from one period for twelve
grades.
2. Select the physics syllabus for lower secondary school level (period,
grade).

Data management. A three-step process was used. The
first step was to select documents by period, level, grade, and
age. The second step was to arrange material into units. The
third step was to arrange material into blocks. The codes of
blocks contain the codes of units and documents too.
Selection of documents. The empirical data were
generated from the intended contents of physics curricula. A
curriculum contains following parts:
A. The general part of the National Curriculum.
B. The physics syllabus (introduction, study objectives, topic of subject,
study outcomes or results, others).
C. Recommendations to syllabuses (explanation letters, subject books).
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Physics syllabuses were selected and coded in the data
analysis Form DA-1. A sample list contained three selected
curricula (see Appendices 1-3). Every curriculum had a syllabus
for secondary school. The gymnasium (local name for secondary
school) of new Estonia has a lower level, or basic school. The
secondary school of old Estonia had pro-gymnasium as the lower
level. In parallel, there were modern and humanitarian branches
of secondary school in old Estonia.
Delimitation and identification of units within
documents. The physics syllabuses of lower secondary school
were examined. Every part of a syllabus can be divided into
units. The process was as follows:
434

1. Identification of units. A unit was defined as the smallest segments
of the document which can be identified by examination of the table
of contents and/or major sub-readings in the text.
2. Assignation of unit types. The type of unit was identified. This helped
create data on major features of the document. For example, the
physics syllabus content and content design unit types were:
1) unit of Introduction to Syllabus;
2) unit of Study Objectives;
3) unit of Content;
4) unit of Study Results;
5) unit of Others.
3. Coding. Codes may be numbers of units. For example, code 1.3 means:
1—the first syllabus (curriculum) in Sample List , 3—the third unit in
document 1. Form DA-2 was used.

Delimitation and identification blocks within units.
The main categorisation was done in blocks.
1. Identification of blocks. Blocks were expressions, quotations, citations,
sentences, or words in the unit (categories and subcategories).
2. Assignation of blocks. This formed a part of the data on the major
features of the document according to the research question.
3. Coding. Codes for blocks consisted of the two end numbers (categories
and sub-categories). For example, code 131 means category, and 1311
means subcategory. The whole code means the first subcategory of
the first category 1 in unit 3 of document 1 which can be written into
the table of analysis (Form DA-4) according to the research question.
Form DA-3 was used to create categories and subcategories for analysis
files.
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Generating the analysis files. Blocks were connected
directly to the document pages in Appendix 1-3, which form
part of the data placed under curriculum analysis. The units and
blocks were clearly marked on the original documents. In this
way, they were linked to the curriculum data bank through the
unique document, unit and block identifications. The instructional
material of each block was translated into English and written
on the DA-3 form. Once the framework categories in the block
were identified, then these framework numbers were used to
denote these categories on form DA-4 by direct observation
and comparison. This process is referred to as generating analysis
files from data. The major portion of the data is compared
through the DA-4 files. These are the most central source of
information for the research question. The DA-4 coding files
contained one data line per block with the following structure:
1)
2)
3)
4)
5)
6)
7)

document number;
unit number;
block number;
page numbers;
related block information (categories and subcategories);
similarities related to the new physics curriculum;
differences related to the new physics curriculum.

Similarities and differences were analysed from the
standpoint how they are related to new Estonian physics
curriculum
Document analysis. The comparative content analysis of
the physics curriculum was designed to produce an in-depth
characterisation of the intended curriculum according to the
present research question. It produced a detailed description of
the teaching-learning content of physics, but only at the focal
grade levels (lower-secondary school physics).
Analytic induction is used for document analysis. In this
case, comparisons of different curricula (similarities and
differences) are made, and the result should produce
generalisations for the design of a better physics curriculum in
the future.
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Strengths and limitations. Reliability and validity are two
of the strengths of document analysis. All copies of the original
documents were translated into English. Both the original and
translated materials are available from the library of the Faculty
of Behavioural Sciences. The coded and categorised data, based
on the original curricula documents, are shown in the tables in
the results section following, and the tables provide a basis on
which to extrapolate relationships in the data. The limitations of
the analysis are dependent on the education, knowledge, and
data management skills of the researcher. In addition, the number
of investigated curricula is limited because of the volume of
research work and the quality of the collected originals of physics
curricula documents (particularly the older ones). The strength
of document analysis is in its completeness and its depth at the
focal grade levels.
Reliability of the analysis. A critique on data sources is
necessary to examine the reliability of the analysis itself. For
example, old Estonian curricula included the names of their
writers, and they were written as decisions made in teacher
conferences. All data consisted of information about physics
subject content (goals, knowledge, skills, and applications). All
sources will be replicated with translated copies of curricula in
appendices using the same categories and the same grouping
and coding methodology.
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RESULTS
Aspects of Content of Physics Curriculum. Before
analysis of curricula takes place, their backgrounds should be
introduced. Two different aspects of background in the content
of the physics curriculum may be taken into account:
1) educational system, including its designers and decision makers;
2) content (subject matter) itself.
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Selected Curricular Documents. The curricula of old
Estonia were gathered from 115 curricular documents stored in
the Archive Museum of the Tallinn Pedagogical University. The
original curricula from the Soviet time were obtained from the
library of Aravete Secondary School, and the curricula of new
Estonia were published in Riigiteataja (State Informer) in 1996
and 2002 (http://www.riigiteataja.ee) and used in everyday work
in schools. The search for curricula in archives, libraries and
museums, and the subsequent copying, reading, review,
translation, grouping, and coding of the curricula required over
two study years to complete. The data needed for this study were
distributed between three curricula, as shown in Appendices 13. The methodology demanded a choice of curricula from
different years, and it is the main reason for theoretical limitations
of the research data.
From the old Estonian period, curricula for secondary
school published in 1930 were not selected, but their explanation
letters to curricula 1938 are selected. The curriculum for
secondary school in 1924 was not selected, as it only lasted for
eleven grades. The national curriculum for primary and
secondary school in 1938 were selected from the old Estonian
school system, when the number of grades changed from 11 to
12.
From the Soviet time, there were no useful physics
programmes before 1987, which was the last programme with
only 11 grade levels after 1964. The physics programme from
1989 was selected because Estonian schools then had 12 grade
levels.
From the new Estonian period, only the National
Curriculum 1996 (the general part of the National Curriculum
and Physics syllabus) was selected. The National Curriculum 2002
was a modification of the 1996 curriculum, so it was not selected.
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Educational systems. To understand the research data,
one must know the old, Soviet, and new Estonian educational
systems by level, grade, and age. The data were derived from
curricular documents in the Sample List (See Appendix 1-3) and
from the Chronology of Estonian School and Pedagogy (See Appendix
4) in order to use the right document for comparison. All
documents were designed for a grade system of 12 levels. The
Soviet curriculum of 1989 was the last for pupils who started
school at age 7. In 1990, they would start at age 6. The old
Estonian curriculum was designed for pupils who started school
at age 7 (See Appendix 4). The new Estonian curriculum for
1996 was also for pupils who started school at age 6 before 1992.
Since 1999, physics has been taught to those pupils who started
school in 1992 at age 7. Table 2 introduces the situation with
levels, grades and age.
“X” indicates the grades at which physics is/has been taught.
Table 2 gives the same kind of data for the old and new Estonian
lower secondary school, or grades 8 and 9. The upper level
contains grades 10-12. The Soviet Estonian curriculum provided
data for three grades (7, 8, 9) in lower secondary school.
Overview of data forms DA-1, DA-2, DA-3, DA-4. The
system of document coding is shown in Table 3. The document
code has been derived from the period (old, Soviet, new Estonia),
and from the officially legislated curriculum (number in Sample
List). Form DA-1 shows the coding of curricula as an example.
Table 4 contains an example of coding units for the physics
syllabus of lower secondary school. It also contains the page
numbers for source information in the document. There were
three such forms for old, Soviet and new Estonian Physics
curricula (syllabuses).
438
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Table 5 has been designed as an example of the division of
units into blocks. Units subdivided into segments are called
blocks. Data from block types provide additional information
Table 2. Different Physics Curricula by Levels, Grades and Age
Grades/Age
Years/
Periods
Physics taught—X
Physics 5/11 6/12 7/13 8/14 9/15 10/16 11/17 12/18
1938 X X
X
X
X
X
Old
Pre-gymnasium
Gymnasium
Estonia
Secondary school
Secondary school
school
— Lower level
— Upper level
system
Modern and humanitarian branch
Physics 5/11 6/12 7/13 8/14 9/15 10/16 11/17 12/18
1989 X X
X
X
X
X
X
Soviet Basic school 1-9
Secondary school 10-12
Estonia
Lover secondary
Upper secondary
school
system
Physics 5
6
7
8/13 9/14 10/15 11/16 12/17
1996 X
X
X
X
X
X
Physics
5/11 6/12 7/13 8/14 9/15 10/16 11/17 12/18
1999 X
X
X
X
X
X
New
Gymnasium
Estonian Basic school
school
secondary school
system second stage third stage
fourth stage
(grades 4-6) (grades 7-9)
(grades 10-12)

on important features of the documents. The block contains
categories of themes and subcategories of sub-themes. Every
document has its own whole number of blocks. For example,
the new Estonian physics syllabus has 4 blocks (1. Optics; 2.
Mechanics; 3. Heat; 4. Electricity) in unit 3. In the old Estonian
syllabus, there were 5 blocks (main categories with subcategories)
(1. Optics; 2. Mechanics; 3. Heat; 4. Electricity; 5. Magnetism) in
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unit 3. In the Soviet syllabus, there were 6 blocks (1. Optics; 2.
Mechanics; 3. Heat; 4. Electricity; 5. Magnetism; 6. Elements of
Molecular Physics) in unit 3. The 6 blocks of Unit 5 highlight
Table 3. Curriculum Documentation Form DA-1
Number in Sample
Title in English
List
Curricula of Primary, Secondary
1
School and Gymnasium 1938
2
Soviet Estonia Programmes of Comprehensive
School. Physics. Astronomy. 1989
New Estonia National Curriculum 1996
3
Period
Old Estonia

Code
1
2
3

what is absent in the old and new Estonian syllabi and provide
additional information for unit 3. In all, there are 4 + 6 + 5 = 15
blocks for analysis in unit 3. Together with unit 5, there are 15 +
6 = 21 blocks for analysis in lower secondary school. From the
Soviet time, Physics in grade 9 has been comparable with upper
secondary school subject matter.
Similar forms were filled in for every Block in every Unit
of documents 1 and 2 (not shown in this article). But the Soviet
programme had some different content categories for lower level
secondary school physics. These are shown in Table 6.
Table 4. Unit Documentation Form DA-2
Document—Physics Syllabus of Basic School
Unit
Type of unit
0
General Part of National Curriculum
1
Introduction to Syllabus
2
Study Objectives in Syllabus
3
Content of (Subject Matter) Syllabus
4
Study Results in Syllabus
5
Others

Code 3pp. 2049-2051
Code Page range in unit
3.0
1959-1972
3.1
2049-2050
3.2
2050
3.3
2050-2051
3.4
2051
3.5
In different units
different pages
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The data in Table 7 have been generated from the blocks in
DA-3 by direct observation and comparison with 3.3.1. A number
of similarities and differences in the categories were identified
and counted.
Generating Analysis Files. Analysis files DA-5 were
generated from five of the DA-4 tables in chapter 3 of this
research work: Table 9, Optics; Table 14, Mechanics; Table 19,
Heat; Table 24, Electricity; and Table 29, Magnetism. The results
are shown in Tables 34-38. File 2.5.3 represents classroom
demonstrations, and 2.5.4 represents laboratory work as
additional material to help explain and review teaching themes.
Table 5 Block Documentation Form DA-3
Document code—Physics Syllabus of Basic School
3.
Unit code—Content of (Subject Matter) of Syllabus
3.3
Type of block
Number of
category in
block
Main category
Optics
1
Subcategories
X
Sources of light
1
Spectrum of light
2
Absorption of light
3
Rectilinear spreading of light
4
Shadow
5
Velocity of light
6
Reflection of light
7
Lens
8
Lens-produced images
9
Spectacles
10
The eye
11
Refraction of light
12

Block Pages
code
3.3.1

2050

3.3.1.1.
3.3.1.2
3.3.1.3
3.3.1.4
3.3.1.5
3.3.1.6
3.3.1.7
3.3.1.8
3.3.1.9
3.3.1.10
3.3.1.11
3.3.1.12

-
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In Table 8, the codes 2.3.1 and 2.5.1-2.5.6 belong to the
Soviet school physics programme. It means that the content of
Optics in Soviet time physics is in addition to more detailed
themes (Unit 5 Others: repeating lesson, control test, laboratory
work, demonstrations, excursions, reserve) and workable as a
curriculum. Fifty per cent of the themes of 2.3.1 and 50% of
2.5.3 and 100% of 2.5.4 from the categories of the Soviet
programme have been covered in 3.3.1 from the new Estonian
syllabus. Fifty per cent from category 1.3.1 of the old Estonian
physics syllabus have been covered in 3.3.1. Many of the subthemes, about 50% from the old Estonian syllabus, are now
absent from the new Estonian physics syllabus.
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CONCLUSION
This article does not cover all of the research work done
on this topic. It has been written to introduce how this kind of
research can be done. But already, this little part shows that design and content (of the physics curriculum, syllabus, and
programme) vary by periods, levels, grades and age. The new
physics curriculum does not follow the old Estonian version in
content, but in educational legislation from 1993, it is stipulated
that the curriculum should follow the principles of old Estonian
laws for secondary schools in 1922. Analysis of the data shows
that the content of the Soviet Estonian programme was more
similar to the new Estonian physics curriculum.
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Table 6 Some Block categories for one Unit of the Soviet Programme
Block Documentation Form DA-3
Document code—Physics Syllabus of Basic School
Unit code—Content of (Subject Matter) of Syllabus
Type of block
Number of block
Main category
Repeating of theme
1
Subcategory X
60/9 Repeating of theme 1
“Light phenomena”
Main category
Control work
2
(Test—author)
Subcategory X
61/10 Control work
1
Main category
Demonstrations
3
Subcategories X
1. The rectilinear spreading of light.
1
2. The reflection of light.
2
3. The laws of reflection of light.
3
4. Image in plane mirror.
4
5. Refraction of light.
5
6. The way of rays in lenses.
6
7. Receiving of image with help of lens.
7
8. Determination longitude of focus
and optical strength of lens.
8
9. The construction of camera
and principle of working.
9
10. Model of eye.
10
Main category
58/7. Laboratory work
number 11: receiving image
by lens.
4
Subcategory X
58/7. Laboratory work
number 11: receiving image
by lens.
1
Main category
Excursions (after lessons) 5
Subcategory X
Optics
1
Main category Reserve of time (7 hours)
6
Subcategory X
Optics
1

2
2.5
Block code
2.5.1

Pages
17

2.5.1.1
2.5.2

-

2.5.2.1
2.5.3

17

2.5.3.1.
2.5.3.2
2.5.3.3
2.5.3.4
2.5.3.5
2.5.3.6
2.5.3.7

-

2.5.3.8

-

2.5.3.9
2.5.3.10

-

2.5.4

-

2.5.4.1
2.5.5
2.5.5.1
2.5.6
2.5.6.1

18
18
-

Document Analysis Form DA-4
Document code 1—copy from DA-1
Unit code 3—copy from DA-2
Block code 1 and 1.X … in page
—Copy from DA-3
Page 2050 Page 63 Page 63 Page 17
3.3.1
similar to different similar
3.3.1
3.3.1
3.3.1
Main categories
3.3.1
1.3.1
1.3.1
2.3.1
3.3.1
1.3.1
Subcategories X
3.3.1.X 1.3.1.X
1.3.1. X 2.3.1.X
1
5
1
2
20
6
3
2
7
4
1
8
2
5
3
9
6
13
7
4
14
3
8
9
17
9
9
11
18
11
10
16
19
14
11
15
13
12
7
8
Total 12 10/20
10/20
8/14
1/1

5/10

2.5.3.X
1
2
7
10
5
5/10

2.3.1.X
4
5
6
7
8
10
12
6/14

2.5.4
2.5.4.X
1
-

2.5.3
2.5.3

2.5.3
-

2.3.1
2.3.1

Page 17
similar
3.3.1

2.5.3.X
3
4
5
6
8
9
-

Page 17
different
3.3.1

Page 17 Page 17
different similar
3.3.1
3.3.1

-

2.5.4.X
-

2.5.4
2.5.4

Page 17
different
3.3.1

Primary sources 1.3.1 and 2.3.1,
secondary sources 2.5.3 and 2.5.4
(2.5.1, 2.5.2, 2.5.5, 2.5.6 are different and not shown)

Table 7 Document Analysis Form DA-4
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Table 8. DA-5 Optics
Document Analysis Form DA-5
Codes
Pages Similar %
codes
1.3.1.1-1.3.1.20
63
10/20 50
2.3.1.1- 2.3.1.1.4
17
7/14 50
2.5.3.1-2.3.1.10
17
5/10 50
2.5.4.1
17
1/1 100

Different
ccdes
10/20
7/14
5/10
-

%
50
50
50
-
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ABSTRACT

The purpose of this case study is to characterise teacher talk when he/she is
guiding secondary school students’ knowing of physics. At the first stage in
research we developed a classification method for classroom talk. With this
method we described the rhythm of teacher talk, and the dependence of the
rhythm of the content taught and teacher expertise. Finally, we examined
teacher’s ideas of his talk rhythms.

Keywords: teacher talk, teacher education, physics teaching

448
Laine, A., Lavonen, J., & Meisalo, V. (Eds.). Current research on mathematics and science education
2004, Department of Applied Sciences of Education, University of Helsinki. Research Report 253.

1. BACKGROUND
Learning as personal and socio-cultural process
Nowadays Vykotskian ideas have had an influence on
science education and research in science education. Contrary
to Piagetian ideas, the Vygotskian socio-cultural perspective
considers the teacher, or some other knowledgeable figure, to
have a key role in mediating existing scientific knowledge to
students. In this framework science education is an enculturation
process and learning can be described as guided participation, in
which the role of the competent member, the teacher, is critical
for conceptual change to occur.
In the Vygotskian framework understanding develops
through interactions between people in relation to that world
which is not only physical and apprehended by the senses, but
cultural, meaningful and significant, and made so principally by
language. (Edwards and Mercer 1987) It has also been argued
that the structure of discourse and language used in classrooms
directs the attention of participants and thus influences their
thinking. (Edwards and Mercer 1987; Mercer 1995) Consequently,
it would be important to focus research on the ways in which
teacher talk can support students’ meaning making in the science
classroom. The way in which the teacher talks around the activity
is at least as important as the activity itself (Leach and Scott
2002).

Research of teacher talk
Teacher and student talk has been the focus of many
investigations during the decades. According to Wells (1999),
there is one finding on which studies of classroom discourse
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has agreed. It is the ubiquity of the three-part exchange structure
known as the as I-R-F pattern (see, e.g., Edwards and Mercer,
1987), where “I” corresponds to the initiation of the dialogue
by the teacher, normally with a question; “R” is the student’s
response; and “F” is the feedback from the teacher.
The popularity of the IRF pattern is described by Wells
(1999) who states that actual frequencies of occurrence vary
considerably, but in many secondary classrooms it is estimated
that the IRF format accounts for some 70 percent of all the
discourse that takes place between teacher and students.
Researchers’ ideas of the appropriateness of the IRF
structure are different: some in favour, some against. The reason
for these contrary ideas might follow from a tension within the
socio-cultural theory itself. According to Wells (1999), there is a
contrary between the two prime goals of education, which might
be described as cultural reproduction and individual development.
It should be understood that different teachers may use the same
basic discourse format in very different ways, levels of student
participation and engagement. It can also be used by the same
teacher, in different contexts, to achieve very different purposes.
The pattern itself is not good or bad, but the use makes the
difference. Therefore it is important to study how teachers use
the triadic model in their teaching.
Some researchers have tried to describe the different uses
of the IRF structure. Mortimer and Machado (2000) have done
this by classifying IRF structures on the basis of the form of the
third move in the dialogue. Although apparently dialogic, the IR-F pattern also can be considered also authoritative, as long as
the feedback from the teacher is an evaluation. In the case where
the feedback supplies elements for a further extension of the
response by the students, or elicits new ideas and contributions
from them, the I-R-F pattern corresponds to a dialogic function.
By identifying the nature of the feedback from the teacher,
whether evaluative or elaborative, we can decide on the
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predominant nature of the discourse, whether dialogic or
authoritative, when these I-R-F patterns are used.
Mortimer and Machado (2000) found that sometimes the
teacher changed from dialogic, elaborative I-R-F sequences to
authoritative, evaluative ones. This alternation seems to give a
rhythm to the discursive interaction in this sort of classroom.
Mortimer and Scott (2003) call patterns of discourse the
distinctive patterns of interaction in the talk as the teacher works
his way towards the scientific idea. The patterns are the I-R-E
pattern and the I-R-F or I-R-F-R-F-… pattern. The interactive/
authoritative communicative approach is often made via the IR-E pattern. The interactive/dialogic communicative approach
is often made via the I-R-F triadic pattern or the I-R-F-R-F- ···
chain. In this pattern of discourse the teacher is able to explore
the students’ ideas, the teacher may ‘bounce-back’ students’ words
and encourage students to continue and thereby helps to sustain
the interaction and furthermore he asks for substantive points
of elaboration. The teacher uses an I-R-F-R-F-pattern of
discourse to support a dialogic interaction. In this study we used
an analysis related to Mortimer and Scott analysis of the patterns
of the discourse.
Research on teacher talk has shown that teacher talk is
important in guided knowledge construction. In addition it has
been found that the IRF triad is very common in classroom talk.
Researchers have also emphasised the appropriate rhythm of
teacher talk. What remains to be explored is the rhythm of teacher
talk in real classroom teaching situations. There is little empirical
research on the relation of teacher talk usage to his/her expertise.
There are also very few studies dealing with the dependence of
the teacher talk type about the content and subject taught.
Furthermore it would be valuable to study the relation of teacher
talk types to the teaching-learning activities (e.g., demonstration,
derivation of a formula, review, teaching/learning totally new
topic).
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Research questions
The specified objectives of the study are to find out the
rhythm of teacher talk surrounding the learning activities in
physics classrooms and to find out how the teacher explains why
he/she uses a special talk type and the change in talk type.
Consequently, the related research questions are:
· What is the rhythm of teacher talk?
· How is the rhythm related to the content to be learned, to the aim of
the lesson and to the learning activities?
· How does the case study teacher explain the reasons for a special talk
type and the change in talk type?

2. STUDY DESIGN
School, participants and curriculum
The case study teacher (H.S.) whose classroom talk we
studied has over 25 years of teaching experience and is very
interested in developing physics teaching. He planned the lessons,
their content, student work, demonstrations etc. together with
the main researcher (J. V.). The teacher is also the co-researcher
in the study and consequently informed of the teacher talk
research. Besides the teacher, two teacher students took part in
the study. The experimental study was done in a higher secondary
school in Finland.
The context of the study was as normal as possible so that
the research results might in the future be applicable in normal
classroom settings. The lessons, which were video taped, were
selected from one typical physics course. The topic of the lessons
was basic kinematics. The students were secondary school level
students, 16 – 17 years. There were 28 students altogether and
the student group was not a special one. It was not specially
selected to this study.
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Teaching could be classified as teacher guided coconstruction. There were no real lectures during which only the
teacher would be speaking for the whole lesson. The teacher
was the main actor but he used very much dialogue and
questioning when explaining the students the new concepts and
ideas. He also used very often demonstrations and microcomputer based apparatus.

Data gathering and analysis
The data of classroom talk and especially teacher talk were
collected by videotaping the teacher’s and teacher students’
lessons. Five lessons were selected from the case study course
taught by the teacher and two of the teacher students’ lessons.
The selection was based on possible differences and similarities
of the lessons’ content and teaching methods.
Besides videotaping, we collected data with recall interviews.
The teacher was interviewed after the lessons. We used the
stimulated recall interview method. During the interview the
teacher watched the lesson video and he was asked about the
reasons for the changes in the talk type. Some contextual data
was received also from researchers’ field notes.

Classification of talk
The nature of teacher talk was analysed with the method
described in Viiri and Saari (2004). The method is mainly based
on the writings of Scott (1998) and Mortimer and Machado
(2000). To find out the rhythm of the classroom talk (discourse),
talk was divided into teacher presentation, teacher guided
discussion and peer discussion. In the following we give the
characterisations of the different talk types. Concrete examples
will be presented in the results section.
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Teacher presentation
Teacher presentation could be described as ‘straightforward
instruction’ (Mercer 1995, p. 77). Teacher presentation resembles
lecturing, but it may be a “mini lecture” consisting of only some
sentences. Teacher presentation differs from the other types of
teacher talk as there are no questions and no idea of students
taking part in the discussion. In that way it is non-interactive,
but of course students’ previous answers may affect teacher talk.
Teacher-guided discussion
As teacher presentation is the teacher’s talk alone, teacherguided discussion is on the contrary real dialogue between the
teacher and students. Since the I-R-F structure is very popular
in classroom talk, teacher-guided discussion is described with
the I-R-F structure. It is divided into authoritative discussion
and dialogic discussion.
The I-R-F pattern is called authoritative as long as the
feedback from the teacher is evaluative. Although discussion is
authoritative students’ answers may affect the teacher’s talk
following the student’s answer and in this implicit way
authoritative discussion is interactive. Consequently, authoritative
discussion does not mean that the teacher is following a ready,
pre-maid sequence of questions. Very often authoritative
discussion is related to questions where only one correct answer
is expected and the teacher continues the discussion from the
given correct or incorrect answer, e.g. “What is the symbol of
force?” Authoritative discussion might be related also to questions
where there are many expected correct answers, e.g. “What can
we infer from the graph?” The I-R-F pattern is dialogic whether
the feedback supplies elements for a further extension of the
response by the students or elicits new ideas.
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Although teacher talk is the main subject of this study we
took students’ discussion as one element in the classroom talk.
The reason is that peer discussion is an important part of the
teaching/learning discussion of the lessons and their talk gives
elements to the rhythm of the classroom talk. Their discussion
patterns and contents were not analysed in this study. In a way
student talks gives some kind of context and framework for the
teacher talk.
Peer discussion
In peer discussion students are talking in groups. The
discussion is very often teacher guided and has a specific purpose,
e.g. the teacher has given students a problem to discuss over.
Peer discussion does not mean chatting related to hobbies,
weekend etc.
After preliminary analysis of the lesson videos we decided
to add one category, other, to the talk categories.
Other
This represented teacher talk not related to the topic, it
could be general description of e.g. the demonstration apparatus,
talk related to students’ social affairs, their weekends, students’
questions, etc.

Classroom talk analysis and validity of the classification
In the video analysis the videos were first transcribed. Then
both researchers read separately through the texts while watching
the video at the same time. Talk types were marked in the papers
in the appropriate places. The analyses unit was one IRF-turn or
sometimes a sequence of turns. The classification was checked
and rethought with re-reading the transcribed talk and rewatching the videos up to the point where no changes were
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necessary. After that researchers compared their classification
and discussed the differences in the classification. The discussion
was continued until the agreement of the classification was
reached.
To strengthen the classification both researchers separately
classified the transcribed talk and watched the videos to see the
context of the talk. We then discussed the differing points, and
the analysis was ended with an agreement. The classification is
further strengthened by the fact that one of the researchers (HS)
was the classroom teacher and the other researcher (JV) took
part in the lessons. Consequently, both of the researchers had
first-hand knowledge of the content and contexts of the analysed
lessons.

3. RESULTS
In the following we present the empirical results of the
study. As we concentrate in analysing one typical lesson we first
describe the main content of this lesson. Then we show what
kind of picture we receive from the lesson when the talk is
analysed with the method described. Next it will be described
how the content and the rhythm of talk are related and finally
we present the teacher’s comments of the lesson and the talk
types.

Rhythm of teacher talk
We analysed all five video recorded lessons given by the
expert teacher according to the way described. It was found that
some lessons could be characterised as typical having a similar
structure at the lesson level. In the following we analyse one of
the typical lessons.
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By watching the video and analysing the transcribed talk it
could be found that this particular lesson composed of six
different sections, which we called episodes. The lesson starts
with the teacher’s presentation of the computer aided air track
demonstration apparatus to demonstrate uniform motion. The
second episode (6 – 10 min) concerns the computer aided air
track demonstration to receive data about uniform motion and
to discuss the results. The main aim of this episode was to
generate experimentally the linear graphs representing uniform
motion. The third episode (10 – 19 min) continues the discourse
of the linear graphs and the model of the previous episode.
While the previous episode was qualitative, this episode is more
quantitative and mathematical. The aim and content of the
episode are to derive the algebraic equation s = s0 +vt describing
the uniform motion. The fourth episode (20 – 26 min) widens
the topic by considering non-uniform motion. The fifth episode
(26 – 30 min) introduces the concept of average velocity. The
end of the lesson is pure peer discussion where students were
doing a paper and pencil task related to kinematics graphs.
The spectrum of the talk of a typical lesson is presented in
figure 1. It may be noticed that the teacher has used different
kinds of talk patterns during the lesson. The structure is not
monotonous.
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Figure 1. Talk pattern of the teacher’s typical lesson. TP = teacher presentation, AD
= authoritative discussion, DD = dialogic discussion, PD = peer discussion, O = other
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Relation of the rhythm of teacher talk to the content of lesson
The episodes very often start with teacher initiation, and
then continue with some type or types of discourse. Although
the talk types may vary in a complicated way there seems to be a
main line of talk, e.g., arrows starting from 10 min and ending at
19 min form describe the main line of talk of this episode.
Typically the episodes end with teacher presentation or
authoritative discourse. In the discourse the teacher also guides
the students to the next episode. In Figure 2 the flow of the talk
pattern of a typical lesson is shown together with the labels
showing the main contents of the lesson. In this specific lesson
there seem to be six different episodes which are connected
together by teacher talk making a fluent flow from the beginning
to the end of the lesson.

Figure 2. The flow of the talk pattern (arrows) and the main contents of the lesson. TP = teacher
presentation, AD = authoritative discussion, DD = dialogic discussion, PD = peer discussion, O = other
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Each episode has its own teaching/learning aim and topic
as it was described earlier. For instance the fourth episode
between 20 –26 min has the pattern TP-AD-DD-TP-AD. This
episode widens the topic by considering non-uniform motion.
The episode starts with teacher initiation, followed with
authoritative and dialogic discourses and ending again with
teacher presentation. In this episode the teacher continues to
develop the epistemic line. He stresses the idea of modelling
and the specific meaning of the words modelling and steepness
of the line that describes the motion. In this way the teacher
reviews both the conceptual and epistemic lines of the school
science story.

Examples of the language styles and analysis
In this section we give detailed examples of the talk and
how it is classified according to our classification system. As an
example we have selected parts of the fourth episode of the
lesson described in the previous chapter.
Classroom talk in the beginning of the episode was
categorised as teacher presentation. Here the teacher starts the
discussion of the episode and also connects it to the previous
episode. After this introduction the teacher uses authoritative
discourse in the beginning. It could be guessed that the reason is
that he wants to check that students’ knowledge and use the
appropriate words and concepts (“changing”, “not linear”) in
speaking about the non-uniform motion. When discussion turns
to dealing the concept “accelerating” the teacher uses dialogic
discussion.
Teacher What kind of motion has been here in the beginning, it goes here this
way, let’s say up to this point, what kind of motion has been in the beginning?
Mikko Accelerating
Teacher It has been accelerating. What has happened to the velocity?

JOUNI VIIRI AND HEIKKI SAARI
In this he wants to relate acceleration to other ideas, e.g.
“velocity”. Then again when teaching the important concept
“steeper” he uses authoritative discussion.
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Teacher Yes. How do you know that the velocity has increased?
Mikko The line is steeper.
Teacher Important. It is steeper.

The episode ends with teacher presentation and authoritative
discussion. He reviews the important concepts, e.g. steepness,
accelerating motion, tangent, and the ideas related to the
epistemological points of the episode, e.g. the idea of modelling.
Also the idea of drawing the tangent line which describes the
acceleration belongs to the epistemological lessons of the episode.
Teacher You may have noticed that we have found some important words.
The first important word was that these are models of the motion. The
motion is not exactly uniform but it is a good way to describe the motion.
And if the motion seems to be rather uniform why not use this model of
uniform motion. Then we noticed that the steepness, the steepness of these
lines describes the velocity of the moving object. Then we calculated here the
velocity. Next we noticed, that when we study accelerating motion we do not
receive a line but instead a curve. But we do not have any problems. We look
at the steepness of the curve by drawing a tangent. What could we do next?

This is a typical teacher presentation in the end of the
episode. In the discussion the teacher concentrates both on the
conceptual and epistemic lines of the scientific story of the
lesson.

Teacher’s comments about the talk patterns
The teacher was given the analysis of the talk presenting
the general structure of the lesson, the episodes of the lesson
and the talk structure of the episodes. He was then asked to
rethink the reasons for using specific talk types.
The talk pattern of the fourth episode the teacher explains
by referring to students’ inadequate knowledge of mathematics.

TEACHER TALK IN SCIENCE EDUCATION

461

“I noticed in the previous episode that mathematics used here is not easy for
the students. That’s why I want relate the topic here to mathematics and the
means we use there. It is important that the students learn to use right words
when describing motion. When a student gives the correct answer (changing)
I accept it (AD). Then I want to get the words that describe the graph of
accelerating motion (increase and steepness) using DD. When we have the
“right words” I make it clear that they are the right ones that we use in
physics. For this purpose I use authoritative discourse. After that I teach
how to find instantaneous velocity from a graph. I use DD here because I
think that the idea of tangent is familiar from mathematics. I then ask a
student to come to the blackboard to show how she finds the instantaneous
velocity of the motion at certain point of time from the picture drawn on the
backboard. In the end there is again TP and AD, because I make an
overview and stress some important terms, e.g., model, slope, tangent.”

The expert teacher seems to know what kind of discussion
to use in different situations. When he notices that the situation
changes he is ready to change the talk pattern. He is flexible.
The change of the talk type may follow from intuitive reasons
because the teacher has encountered similar situations during
his teaching history. In any case he can give rational reasons for
the chosen talk type and the changes of talk.
In the expert teacher’s lessons the intended and explicit
rhythm of talk is related to the content and aim of the lesson
and the particular episode. It is important to note that even
though the teacher has planned the structure of the lesson, the
content and talk structure are changed during the lesson as he
interacts with the students.

4 DISCUSSION
The aim of the study was to generate and develop means
to characterise teacher talk surrounding the learning activities
and guiding students’ learning in physics classrooms. Classroom
talk was divided into five qualitatively different classes: teacher
presentation, teacher guided authoritative or dialogic discussion,
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peer discussion and talk type, other. Although the different talk
types are qualitatively different, it is not meant that any of them
is in general a better way of teaching than some other one. All
talk types are needed in an appropriate situation.
The IRF model was used since the former research (e.g.
Wells 1999) has shown that it is very often used in real classroom
situations. The developed classification was used to find out the
rhythm of classroom talk. We represented the talk patter, the
rhythm of talk, as a graph showing the time development,
spectrum of the quality of talk. From the graphical representation
the rhythm of talk can be seen very clearly. The analyses of the
transcribed classroom talk revealed the content of the lessons,
but the structure of the lessons could be seen even better from
the spectrum of talk quality. It was found that each lesson has
its own structure, the lessons were divided in episodes and each
episode had its own flow of talk pattern. The rhythm of talk
seems to be related to the aim and content of the episode.
Episodes usually started with teacher presentation and the lesson
also ended with teacher presentation or authoritative discussion.
Between these authoritative presentations there was a sequence
of other talk types.
The structure of the lesson may be characterised either
according to the content or the talk types. The content structure
can be found by analysing the video and the transcribed talk.
From this analysis we may find the content episodes. The talk
type structure can also be found by analysing the video and the
transcribed talk. Also the talk type structures reveal some kind
of episodes. These content episodes and talk type episodes are
based on different analysis but they may have some connection.
For the expert teacher these two structures seem to related but
for the novice teacher students not. In the expert teacher’s lessons
the talk and content episodes are generated in interactive
discussion with the students. Although he might have planned
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the lesson to have some content structure and content episodes
these structures are flexible and may be changed during the
classroom discussion.
Our finding that the episode starts and ends with a teacher
presentation resembles the findings of Mortimer and Scott
(2003). Also they have found that in the lessons there are
structures starting with teacher authoritative presentation and
ending also with that kind of talk. They call these structures
“learning cycles”. Differences between Mortimer and Scott study
and our study may result from the fact that their students were
younger and consequently the conceptual level of the physics
content learnt was different. Some differences may follow from
the differences in the definitions of the talk types, especially that
of authoritative talk.
The idea of teacher using the authoritative talk may sound
old fashioned and contrary to modern ideas of teaching and
learning. But when science learning is seen to be learning a new
language quite different from the everyday language it is
understandable that the teacher has to teach the needed
vocabulary of the language and also teach how to use the
language. As a consequence authoritative talk should be found
when analysing teacher talk. This need of different kinds of talk
and especially the authoritative talk is described also by Mortimer
and Scott (2003, 104) as they state that “introducing students to
the scientific social language will inevitably involve some form
of authoritative intervention by the teacher”. But it should also
be remembered that the teacher should use different talk types
as stated by Leach and Scott (2002)
It could be seen from the transcribed talk and talk spectrums
that the expert teacher changed the talk pattern consciously. It
was not accidental or that he only would like to have different
kinds of talk. The expert teacher could also give rational and
well-formulated and argued reasons for using a special talk type
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and to change it to another one. The reasons were based mainly
to enhance student learning. It is also important to note that he
had not planned the discussion types before the teaching.
The case study teacher could be classified as an expert
teacher (Bransford et al. 2000). Expert knowledge includes expert
content knowledge, pedagogical knowledge and pedagogical
content knowledge. Experts have an organized body of
knowledge that allows them to respond more sensitively and
appropriately to classroom situations. Teacher expertise is
revealed by the relation of the rhythm to the content and aim of
the episode. Expertise is also demonstrated by the teacher’s ability
to provide logical reasons for the talk types he used.
The study gives further support for previous studies that
teacher has the main part in orchestrating the classroom talk. It
is important that the teacher remembers to use various kinds of
talk and think about the relation of the talk types to the intended
learning activities. There should be an appropriate rhythm in
each of the learning activities.
The study also has some implications for science education
research. The generated method of analysing the classroom talk
pattern could be used in evaluating science teaching. Leach and
Scott (2002, 138) have presented that “evaluation must involve
measurement of student learning outcomes together with an
account of how the activities were staged in the classroom. …
data would be collected to evaluate how the teacher changed the
balance of authoritative and dialogic classroom talk …” We
suppose that our method of describing and analysing classroom
talk could be one possible way of doing this kind of evaluation.
Although we have not presented data about students’
learning we suppose that the expert teacher’s way of talking was
more effective than the novice teacher students’ way of talking.
Ryder, Hind and Leach (2003) have presented this same opinion
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also. In the future we will study more exactly the relation
between teachers’ talk pattern and students’ learning.
The study has also implications for science teacher
education. We have shown that the expert teacher’s use of
language is much more developed than novice teacher students’
use. Both of the case study student teachers mentioned that the
knowledge of different talk types helps in developing teaching.
Mortimer and Machado (2000) and Mortimer and Scott (2003)
have presented the value of analysing teacher talk patterns in
teacher education. We found that there should be many
discussions about the talk and many lessons for practising it.
But we believe as Mortimer and Scott (2003, 112) that “this ability
to sustain chains of dialogue is something that teacher students
can learn to do, once it has been drawn to their attention and the
underlying teaching purposes discussed.”
Besides pre-service teacher education our method could
be used in in-service teacher further education. Since our system
of data gathering and analysing talk is rather easy, teachers could
use it alone in their classrooms. They could evaluate their own
teaching, since only audio recording is needed.
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ABSTRACT
This paper deals with the potential of the Internet for geography education,
the ways how teachers use it and the changes that the Internet may have for
the content, methods and roles of teachers and students. In literature, the
Internet has been described as promising new worlds of and for geography
which will challenge new explorers. Scholars of geography education have
seen the Internet as crucial for content and methods, for while traditional
teaching is mainly aural, temporal and textual, the Internet offers multimedia
visuality and versatility of communication, and it facilitates a constructivistic
learning paradigm. In the empirical part of this paper Finnish geography
teachers (N = 27) described by a questionnaire their ways of using the Internet
in 2000. The teachers and their students used the Internet mainly as an
information resource. Communication was common between colleagues but
scarce between teachers and students. The teachers assumed the Internet
would emphasize present events and change the role of the teacher to that
of a tutor, while the student would grow ever more active. The potential of
the Internet for geography education is not efficiently used yet and needs to
be taken more into consideration in the context of teacher education and in
school curricula.
Key words: geography education, the Internet
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1. INTRODUCTION
Problem Statement
This paper discusses the relationship of the Internet and
geography education. The Internet has a positive image inside
geography education and it has been tried and used since the
1990’s. The relationship between the potential of the Internet
and the reality inside the geography classrooms is still unknown.
That is why this paper describes the potential of the Internet
with the use of literature and with empirical approach classroom
realism. This creates the basis for planning geography education
for the future.

Intentions of this Study
This paper is a combination of a theoretical and empirical
approach. The theoretical part consists of a review of the
literature about the features of the Internet followed by the
author’s conclusions on the consequences for geography
education. It also gives an answer concerning the opportunities
offered by the Internet:
1. What potential does the Internet have for geography education?
The empirical part includes a questionnaire-based survey among Finnish geography teachers in 2000. It gives answers to the following
questions:
2. In which ways and how often do teachers and students use the Internet
in geography education?
3. What kind of changes do geography teachers assume the Internet will
have for the content, methods and roles of teachers and students?
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Potential of the Internet, a Literature Review and Conclusions
In many articles, geography scholars and educators have
taken to the Internet with open arms. Stanley Brunn described
the Internet as being a “new world of and for geography” in 1998.
The Internet affects the structures of the discipline of geography
and also traditional organisations like schools. Sui and Bednarz
(1999) predicted that the Internet will imply a change in the role
of the teacher from an instructor into facilitator. This opinion
was shared with Hill and Solem (1999). Over time, more and
more examples regarding the opportunities of the Internet have
come to be described in geography education (e.g. Donert, 1997;
Hassell, 2000; Houtsonen, 2003). The Internet has been even
seen as a means for changing the learning paradigm in a more
constructivistic direction (Hill & Solem, 1999; van der Schee,
2003). Criticism has been scarce, but Lidstone (2002), for
example, has seen the promise of the Internet as overrated.
When considering the promise of the Internet for
geography education, three hierarchical groups of aspects will
be discussed. First, the Internet has many general features that
have an impact on teaching and learning. Secondly, the
information on the Internet also has unique aspects, meaningful
for geography education. And thirdly, learning on the Internet
or Web-based learning has its own features, too. In the following
paragraphs these features are described and their consequences
discussed from an educational point of view in general (Khan,
1997) and conclusions will be drawn, from the geography
education’s point of view particularly.
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General Features of the Internet
The Internet is physically a decentralized system. Any
computer that is connected to it can also work as a server offering
materials to other participants of the system. So computers in
geography classrooms are physical parts of the global network
or cyberspace (e.g. Kitchin, 1998). These networks could also be
an object of geographical education. This new content,
cybergeography (Donert, 2000), could include the location and
size of nodes and traffic flows in and between cyberspace
communities.
The basic idea of the Internet is that it is open to everybody.
According to the Computer Industry Almanac it had about 950
million users in 2004 (as cited in ClickZ, 2004) representing all
countries of the World. So schools are free to use, in principle,
any material from the Internet and they can also publish their
materials for the Internet’s hundreds of millions of users. Because
geography deals with global issues and places in general, the
Internet fits its mission ideally. In geography it is important to
get diverse and authentic materials from distant places. The
Internet also offers the opportunity for teachers and students to
be real participants in the global cyberspace community whether
as global citizens or netizens. The demographics of these
communities and the perception or visualisation of them
(Donert, 2000; Dodge & Kitchin, 2001) could also be part of
geography education.
The Internet offers freedom of place and time and the
Internet is open always. Geography exercises and homework can
be done in various places, also abroad. Students can contact their
geography teacher by e-mail when they are travelling in distant
places with different time zones. On the other hand, time zones
are concretized in messages which refer to the time zone by name
and its deviation from Greenwich Mean Time, GMT. This
information could be made available to students.
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The address of the information on the World Wide Web is
expressed by a uniform system, the Universal Resource Locator
(URL). In geography, students ought to learn the country codes
in domain addresses in order to understand what is the origin of
that content, that e.g. .ch is not China. They also ought to know
the other domains at the same level, such as .com, .edu, .org,
.net, .int. So they can evaluate some of the validity of the
information on the site.
Versatile hardware and software can be integrated into a
computer that is connected to the Internet. Because geography
is essentially based on visual presentations like maps, the printer
and data projector are crucial. Geographical Positioning System
or GPS devices can be connected to the computer, also
measurement equipment for water quality or the weather. Digital cameras or multimedia communicators can be used for
documentation in the field and the pictures can be edited with
picture manipulation software. Two- or three-dimensional
programmes (2D, 3D) can create virtual reality that offers
opportunity for experiencing landscapes or cities (Fisher &
Unwin, 2002).
Hardware, software and Internet industries are big
international business. The same hardware and software is often
used for educational and professional purposes. There has been
discussion on whether they are too complicated for schools, like
e.g. map programmes MapInfo (1986–2004) and ArcView (1992–
2004). However, they could help in exploring spatial data and
solving geographical problems like finding the optimal route for
a vehicle. In geography lessons high quality visual software would
be beneficial. If they are too expensive for the school, free trial
versions of commercial programmes or freeware or cheap public
domain versions can be downloaded, e.g. for picture manipulation,
web editing or mapping. Small, wireless devices, like palmtops
and communicators are handy when working in the field.
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The Internet with its integrated hardware and software are
mainly easy to use and convenient. Comfortable ways to collect
data, save, sort, manipulate and integrate it into various
programmes make these operations tempting. In geography
education students often write and draw country reports. By
means of multimedia impressive documents can be produced.
It can include text, tables, graphs, maps and pictures. These
graphical applications are hard to draw manually and it takes lots
of time. The student can try different ways of visualization before
the final version.
The Internet offers various ways for interaction. Different
hardware can be accessed and their files downloaded. Hyperlinks
lead from one document to the other. E-mail, newsnet news
discussions, groupware, chat and videoconferencing allow
contacts with many people, synchronously or asynchronously,
text based, or with sound and picture. In schools, students and
teachers may contact experts and ask questions. In geography
direct contacts with people at local and global level are valuable.
The place of cross-cultural interaction on the curriculum is no
longer just a question of lip service, but a piece of real life. The
Internet is also a tool for interaction between professionals in
geographical education. For example, the Geography Discipline
Network (1994–2004) is a scholarly forum for delivering lists of
publications and giving information about educational projects.
Democracy and non-discrimination are the principles of
the Internet. Users are equal regardless of their ethnic roots,
religion, gender, age or physical features. As a result, the
democracy of the Internet hopefully leads students to appreciate
democracy and equality also in real life.
The Internet is cost-efficient and environmentally friendly.
Once the hardware and software have been invested in, the main
costs are of connectivity. When the Internet is used in education,
courses can be offered on-line, thus reducing the costs of
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travelling, natural pollution and the consumption on natural
resources. Textbooks, exercise books and handouts are not so
necessary when materials can be put online. In geography
education, maps, pictures and statistics are expensive to buy, so
saving of money is possible with the use of the Internet. Because
environmental education is part of geography education, the
environmental aspects are meaningful.
The Internet has been accepted as a main structure in the
whole society (Developing a Finnish Information Society, 1995).
Its role has been emphasized inside education (Education,
Training and Research in the Information Society, 1999;
Framework Curriculum for the Senior Secondary School 2003,
2003). When the Internet is used in geography education, students
learn those skills that are needed in an information and
communication society together with geography content and
methods.

Information on the Internet
The central features of information on the Internet are to
do with quantity, quality and search options.
There are vast masses of information on the Internet. The
Internet offers geography education detailed information from
every corner of the Earth. This has been noticed in many articles
(e.g. Alderman & Fournier, 1998; Hassell, 2000). Teachers and
students can simply choose if they prefer to follow an expedition
in the Arctic, or in Amazon rainforest or in the Pacific Ocean.
Huge collections of various maps and atlases are available (Kraak
& Brown, 2001), e.g. in Oddens’ Bookmarks (1996–2004). In
addition to fixed and stable versions also various interactive and
animated maps are available (Lobben, 2003). Even if the Internet
is a boxful of treasures for geography education the quality of
information is uneven. Attempts to offer better information have
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been made e.g., by the Association of American Geographers
who have established the site PlacesOnLine (Roseman &
Hankins, 2002–2004).
Updated, fresh and even real time information is typical of
the Internet. International organisations like the United Nations
produce lots of statistics on the Internet. So it is possible to get
fresh data, e.g., from traffic, commercial transactions or
population (e.g. POP Clocks, n.d.). Web cameras follow the traffic
in numerous places or natural objects like geysers. With satellites
it is possible even to look at our Earth from different angles,
zoom in and see how the lights are turned on in any given
metropolis in the evening (Earth Viewer, 1995–2004).
Information on earthquakes (Earthquake Activity, n.d.),
hurricanes and weather is frequent on the Internet.
Information on the Internet consists of formal and informal
educational materials. Some of the content is produced especially
for educational purposes, e.g. Volcano World (1995–2004). Lots
of the pages are produced by research centres or organisations,
but there are also personal travelling diaries or photo collections.
The emergence of human geography emphasizes personal views,
unique experiences and diversity of people (Jackson, 2000), so
the Internet can help in providing these. Both formal and
informal materials enrich the limited content of schoolbooks.
The Internet contains multimedia information in text, tables,
graphs, matrixes, maps, satellite images, pictures, photos, video
and, sounds. These representations are based on different symbol
systems. A visual symbol system is especially typical of geography,
so such representations are useful for it. But because people have
different capabilities to use these symbol systems, according to
their intelligence profile (Gardner, 1983), it is necessary to use
various symbol systems in teaching geography.
The Internet offers versatile and efficient ways to search
for information. There are lots of search engines where one can
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search by key words, phrases, location, time, format or language.
Search engines are underused and people often only search
mechanically by limited means. There are lots of strategies in
searching for information. These include definitions of central
concepts including place names which are important in geography
in general, but often difficult to know in English. It would be
important to teach strategies in searching for information for
teachers and students, but such education does not exist as yet,
neither in courses of information and communication
technologies (Meisalo, Sutinen, & Tarhio, 2004).

Web-based courses
Courses on the World Wide Web or web-based courses are
easy to develop and maintain (Khan, 1997). They can be open to
everybody on the Internet or they can be closed intranet systems.
Groupware creates a safe environment which can be entered
only by username and password. The whole Internet is
additionally within reach. Communicative tools enable e.g.
common synchronous or asynchronous discussions which lead
to collaborative learning. These methods are good when, for
example, environmental issues are dealt with in geography
education.
The Internet tempts people to search for information,
compels people to choose it and during that process causes the
user evaluate it. Online information is processed and mixed with
previous knowledge and added to the report that is under
construction. So knowledge construction skills are activated with
the use of the Internet (Jonassen, 2000). When groupware offer
cognitive tools for labelling messages, the hidden and unconscious
processes become visible and conscious.
Web-based learning offers new methods in geography
education. Distance teaching and learning is possible. The
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common processing of ideas, problems and solutions is easy
with digital devices. Manipulation of data, texts and pictures goes
smoothly and leads to electronic publishing of country reports,
field studies and other products. If it is not possible to arrange a
field trip to a certain country, why not take a virtual fieldtrip like
Crampton (1999) to Bosnia? The role of the pupils is no more
only to learn and repeat old content but also to create new
content. The role of students grows from being an information
consumer into a more creative direction, into that of an
information producer.
The Internet can be integrated in geography education with
various degrees of intensity. Models of using the Internet in
education have been described in many papers, e.g. Harmon and
Jones (1999), Bonk, Cummings, Hara, Fischler, and Lee (2000)
and, Taylor (2000) whose categorization resembles that of Manninen (2000). Manninen creates a hierarchical system where the
levels are described as metaphors of Web use.
1. A delivery system for linear documents, selected Web links and
resources. Metaphor: an information resource.
2. Level 1 plus communication and real time information network.
Metaphor: a network.
3. Level 2 plus structured hypertext materials that are made for
educational purposes and based on learning theories. Metaphor: a
hypertext structure.
4. Level 3 plus the whole learning environment created by groupware.
Metaphor: a virtual classroom.

All these categorizations cited above repeat the same
scheme. The categories are listed as an ordinal scale. So the
adoption of different ways of using the Web in education has a
sequence or a continuum. The Web is first used as an analogy
for existing practices. That is why the use of the Web in school
means more information in the beginning. While the first impact is
on content, in the next phase the Web has an influence on teaching
methods: tools for communication and cooperation are used.
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2. METHOD
Finnish geography teachers had their annual meeting in 2000
in Helsinki. In that year there were 1,805 members of the association, and 170 of them participated in the meeting which is
9% of all the members. Of those, 170 people participating in
the meeting, 27 answered the questionnaire included in the
meeting portfolio, that is 16%. This sample was from the most
active of geography teachers. The reasons for the small sample
are not clear. Teachers’ opinions on educational uses of the
Internet have been explored in the same meeting from 1998 to
2003. The number of teachers answering in 2000 was the smallest
during the whole research period. Perhaps the previous extensive
questionnaires made teachers unwilling to answer: they felt they
had already given their views.
Most of the teachers were female (21) and their average
teaching experience was 12 years (range from 1 to 30 years).
They worked in comprehensive and upper secondary schools or
in both.
The questionnaire dealt with ways of using the Internet
and related experiences with 12 main questions and 36
subcategories. The results of previous surveys in 1998 and 1999
formed the basis of the questions e.g., about the roles of teachers
and students. Open questions were used for asking about the
changes in content, methods and roles. The use of the Internet
was defined as meaning the use before and during the lessons.
The ways of using the Internet consisted of statements with a
semantic differential where 5 was often and 0 not at all. The
teachers evaluated their personal use and the use of their students,
for example:
In which ways and how often do you and your students use
the Internet:
Teacher
Students
Maps are used often 5 4 3 2 1 0 not at all often 5 4 3 2 1 0 not at all
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Teachers were categorized on hierarchical levels according
to their ways of using the Web (Manninen, 2000). Preparation
of Web pages was interpreted to mean a level 3 metaphor: a
hypertext structure and use of groupware to mean a level 4
metaphor: a virtual classroom. The intensity of use required was
2 or more on the scale.

3. RESULTS
The next paragraphs give answers to the second research
question: In which ways and how often do teachers and students
use the Internet in geography education?
The information used by teachers and their students was
categorized according to its relationship to textbooks: up-to-date,
additional or new, and according to its representational type (Table 1).
Up-to-date information, additional information and
information on new issues was used by almost all the teachers
and many students. Teachers and students used also text, maps
and statistics. Use of GIS applications was rare and also aural
materials, games, quizzes and simulations were used by only a
few teachers and students. The frequency of use followed the
same model: those representations that were used by most
teachers and students were also used most frequently. Teachers
used the applications slightly more often than their students.
The Internet was used in communication as presented in
Table 2. E-mails were rare between teachers and students and
frequent between colleagues. Groupware was rather unknown.
In general, communicative use of the Internet was not very
common.
In Table 3, teachers´ hierarchical levels according to their
ways of using the Web are presented. The categorization of Manninen (2000) was specified by splitting the communicative use
into two subcategories. Most teachers used the Web on a
communicative level with colleagues, which included also its use
as information resource.
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Table 1. Type of information used by teachers and students, and frequency of using it.
Type of information

Up-to-date
information
Additional
information
Information on
new issues
Text
Statistics
Maps
Air photograph
Satellite images
Photos
Diagrams
Simulations and
videos
Aural materials
GIS applications
Quizzes
Educational games

Uses the application
(n = 27)

Frequency of use, mean
(scale: 5 = often, 1 =
seldom)

Teacher

Students

Teacher

Students

26

23

3.1

2.7

27

22

3.1

2.7

26

20

3.4

2.5

25
25
25
19
21
21
22
17

25
22
24
16
17
20
18
15

3.1
3.4
2.8
1.9
2.1
2.4
2.5
2.0

2.7
2.8
2.5
1.7
1.8
2.5
2.2
2.1

11
10
14
13

12
6
14
14

1.5
1.8
1.8
1.8

1.4
2.0
2.0
1.7

In order to summarize their answer to the second research
question, teachers and students used mostly up-to-date
information as well as additional information such as text, maps
and statistics, and the frequencies were in the middle of the scale
“often–seldom”. The Internet was seen mainly as an information
resource, communicative use of the Internet was common among
colleagues but not between teachers and students. Application
as a hypertext structure or a virtual classroom was scarce.
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Table 2. Communicative ways of using the Internet by teachers and
students and frequency of using it.
Ways of using the
Internet

Uses the application

Frequency of use, mean

(n = 27)

(scale: 5 = often, 1 =
seldom)

Teacher

Students

Teacher

Students

E-mail teacher and
students

11

10

2.5

2.1

Distance teaching

7

7

2.1

2.0

Contacts with
partner schools

16

8

2.5

2.3

Groupware

7

5

1.6

1.6

E-mail, teacher and
parents

10

1.7

E-mail, teacher and
authorities

23

2.8

E-mail, teacher and
colleagues

25

3.7

Table 3. Hierarchical metaphors of Web use (based on Manninen, 2000).
Metaphor of Web use

Number of teachers
(n = 27)

1. An information resource

2

2a. A communication network between
colleagues

15

2b. A communication network towards
students

6

3. A hypertext structure

2

4. A virtual classroom

2
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Following the third research question, respondents were
asked about the changes brought about by the Internet. Almost
all the teachers agreed that the role of teacher and students change
when the Internet is used. Many teachers emphasized that the
teacher turns into a tutor or an organizer or a co-learner. The
role of students becomes more active. Teachers were not so sure
about influences on content and methods. Some of them thought
that up-to-date materials were used more often and studentcentered methods and communication had a more central role.
Older practices are replaced with digital ones in exercises.
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4. DISCUSSION AND CONCLUSIONS
The Internet offers a lot of tempting potential in developing
geography education. It enlarges traditional content to encompass
new places, new natural environments, new nations, people and
individuals. The Internet opens entirely new cyberspaces and
their cybergeographies are an option for geography education.
In the field of software powerful tools, e.g., GIS applications for
data manipulation, processing, integration, presentation and
publishing could work as a kind of intellectual partner such as
Jonassen (2000) has described. Versatile ways of communication
bring personal contacts with people in different countries. So
the Internet can develop geography students from learner into
producer, creator and communicator (Jonassen, 2000). The
Internet includes an option of personal relevance in addition to
the social relevance which has been an attribute of traditional
geography education. Both should be included in teaching and
learning as Bruner (1974, 130) argues. When using the Internet,
changes in the roles of teachers and students are obvious. The
teacher can no more be considered an absolute expert in
geography, but his or her role approaches the role of the students:
both are seeking information, knowledge and truth. These
features belong to the constructivistic learning paradigm, as Hill
and Solem (1999) have stated.
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The empirical results are from 2000 and can give a glimpse
of how most active geography teachers applied the Internet in
education. They used the potential of the Internet on a small
scale. It was accepted as an extra resource for updating and
enlarging information, but only in traditional representations:
text, statistics, maps and photos. New representations like
simulations, quizzes or GIS were used only a little. The metaphor
of the Web was for most teachers an information resource + a
communication network when they were working with adults.
When they were working with their students, it was most often a
resource for extra information and only seldom a means for
communication. The use as a hypertext structure and as virtual
classrooms was beginning to emerge in 2000. Because the
observed ways of use fit the levels of Web use presented by
Manninen (2000), we may presume that the development is
towards hypertext structures and, virtual classrooms. Because
of the small sample, however, the results must be generalized
with care, but could be applied in the case of our active and
innovative geography teachers.
The ways of applying the Internet in geography education
have no limit. While teachers and students are growing more
active and getting used to being more creative, new methods
and content are at the same time being created for geography in
schools. This leads to the evolution of new teaching and learning
cultures (Khan, 1997). These issues need a thorough and open
discussion among scholars and teachers and they must necessarily
have an impact on geography curricula and teacher education.
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ABSTRACT

This paper discusses multimedia representations of the Internet, understood
as a manifestation of global distributed knowledge, the Noosphere, and the
skills of geography teachers in using them. The Internet includes
representations like texts, statistics, photos, diagrams, maps, satellite images,
video and sounds. These are based on different symbol systems viz. linguistic,
musical, logical-mathematical, spatial, bodily-kinesthetic and naturalistic
systems, and people have an individual potential to use certain symbol systems
more effectively than others, according to their intelligence profile. If the
Internet is then used in a diversity of ways, various intelligences will have
more opportunities for finding symbol systems that correspond to their
potential. In the empirical part of this paper, Finnish geography teachers (N
= 66) evaluated their skills in using hardware, software and communication
tools by means of a questionnaire in 2002. The skills were reflected through
a model of digital media skills. Teachers’ skills were mainly on the lowest or
technical level. They could best use applications with regard to the
interpersonal and linguistic system, but in respect of the spatial system which
is typical for geography education, the skills were only on a technical level. In
general, their ability to benefit from multimedia representations on the Internet
was rather modest..
Key words: geography education, multimedia representation, multiple
intelligences, symbol system, digital media skills, the Noosphere
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1. INTRODUCTION
Problem Statement
Geography and the Internet have a global approach in
common. The Internet tends to be a global information network
and geography focuses on the spatial phenomena of the Earth,
either global or local. Geography includes everything that happens
on the Earth or in cyberspace and can be described on a map.
Geography education aims to offer information and the tools to
create it to students.
For geography teachers and students, the Internet includes
lots of multimedia information that is produced by various
research organisations, government, local authorities and,
individuals. The multimedia content of the Internet is often
thought to be intrinsically valuable, without any discussion of
whether that is true or not. In order to get more depth and
efficiency in the use of the Internet a new approach is necessary.
That is why this article aims to establish an understanding of the
basis for using the multimedia materials of the Internet in
geography education, and skills needed for that.
The theoretical part of this article discusses the Internet as
a manifestation of the Noosphere, opens up different symbol
systems and their representations on the Internet and lists digital
media skills that are necessary to access the Noosphere. In the
empirical part of this paper, digital media skills are described in
one particular sample and the correspondence to symbol systems
is discussed.
Finally, we can estimate on what level the digital media skills
of geography teachers are in using hardware and software which
are applicable to the various symbol systems and the general
capability of the teachers to benefit from multimedia
representations of the Internet.

MULTIMEDIA REPRESENTATIONS
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Literature Review
The Noosphere and the Internet
Understanding the Earth as a combination of spheres is
common in geography. It has been described since the 1870s
and the number of spheres has ranged from 3 to 10 (Samson &
Pitt, 1999, p. 12). Nowadays the spheres of the Earth are the
solid Lithosphere, the watery Hydrosphere and the gaseous
Atmosphere which form together the Geosphere. In addition to
this nonliving system, there is the Biosphere consisting of all
living beings and the human Anthroposphere as a part of it.
In 1925, a French Jesuit priest and palaeontologist, Pierre
Teilhard de Chardin, wrote an article about the Noosphere as a
sphere of thought beyond the biosphere, the soul of the Earth.
It was also an ultimate and inevitable sphere of evolution which
according to Teilhard de Chardin (1959/2002) had a direction
towards complexity and consciousness.
The correspondence between the Noosphere and the
Internet is obvious and has been observed in many papers (e.g.
Cunningham, 1997; Samson & Pitt, 1999, p. 144; Lévy, 2001).
Pyysalo (2002, pp. 94–96) speaks of the environment affording
distributed cognitions.

Multiple Intelligences and Different Symbol Systems
Gardner’s theory of multiple intelligences (e.g. Gardner,
1983; Gardner, 1993; Gardner, 1999) is famous and applied in
education in America. Gardner combined the research results
of physiology, medicine, psychology, phylogeny and cultural
evolution (Gardner, 1983, pp. 59–70; Gardner, 1999, pp. 33–
41). As a result he originally defined seven intelligences: linguistic,
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musical, logical-mathematical, spatial, bodily-kinesthetic,
interpersonal and intrapersonal intelligence (Gardner, 1983). He
admitted that there might also exist other intelligences, and soon
he added naturalistic intelligence to the list (Gardner, 1995, p.
206; Gardner, 1998, p. 118; Gardner, 1999, pp. 48–52). All human
beings possess several of these intelligences (Gardner, 2003, p.
8). Each of these intelligences possess different core operations
which during life develop into expert end-state performances
e.g., when speaking of spatial intelligence, there are the typical
core operations of visual memory, spatial imaginary, visual
transformations and sensitivity to two- or three-dimensional
spaces. These lead to expert end-state performances which are
characteristic of say a geographer, a navigator, a pilot an architect,
a sculptor or, a surgeon.
Symbols, symbol systems and symbolic products have a
central role in Gardner’s (1983, pp. 299–302) theory. As a
common factor, symbols carry information, but also a feeling,
or a tone or a mode. Symbols are meaningful alone and combine
together in symbol systems: spoken and written language, music,
mathematics, logic, dance, or an ecosystem. Symbols also form
symbolic products like plays, narratives, poetry, compositions,
mathematical problem solutions, pictures, cartoons, maps,
diagrams, movies, rituals, scientific theories or a naturalistic
museum. “Symbols are the ways from raw intelligences into
cultures.” (Gardner 1983, p. 300).
The theory of multiple intelligences with its symbol systems
gives us the legitimacy for the use of multimedia representations
in education. Multimedia on the Internet offer examples of
various symbol systems (Pyysalo, 2002, pp. 99–105), and a certain
intelligence has a potential to use a certain symbol system better
than others (Gardner, 1983, pp. 68). Some digital media
applications are easily identified as typical for a certain symbol
system e.g. quantitative analysis tools are typical for the logical-
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mathematical symbol system (Table 1). But the classification
grows harder when speaking about more general applications,
such as data projectors or printers. Interpersonal intelligence has
only a general role in this classification because it uses other
symbol systems. Intrapersonal symbol system is excluded from
the classification since it has not been defined by Gardner (Pyysalo, 2002, p. 105).

Digital Media Skills
Descriptions of skills in information and communication
technologies (ICTs) are numerous in literature. In an international
assessment of ICT skills in education (Pelgrun & Anderson, 2001,
p. 172), the skills were classified in four groups: 1) general ICT
skills (system, word processing, databases and spreadsheets), 2)
skills in instructional processes (e.g. subject-specific applications,
applications to track student progress, evaluation of instructional
software, use of multimedia applications, adaptation of software
to fit school purposes), 3) skills in E-mail, Internet, WWW and
4) skills in presentation applications.
Inside the European Union only a general classification of
educational skills in ICTs is used (Basic Indicators on the
Incorporation of ICT into European Education Systems, 2001
p. 33): 1) acquiring skills in ICT for personal use and 2) ICT for
teaching applications. Both categories include word processing,
data processing, educational software and the Internet.

Representations

Colours, lines,
shapes

Spatial system

Pictures, figures,
diagrams, charts,
maps

Visual symbols,
models, diagrams,
graphs, matrixes, 2D,
3D, simulations,
maps, aerial photos,
satellite images

Mathematics
applications, tools for
links and hierarchic
relationships, outlining
in word processing,
tools for classification
and categorization,
labelling in groupware,
GIS (Geographic
Information Systems)
Mind mapping,
spreadsheets, painting,
drawing, presentation
graphics, GIS, html
editors, picture
manipulation, video

Printer, scanner, data
projector, document
camera, digital (video)
camera, GPS, electronic
whiteboard, graphics
tablet, multimedia

Calculator, GPS (Global
Positioning System)

Symbol systems on the Internet, examples
Hardware
Software
which mediates
which produces
representations
representations
Spoken and written Digital text and
Word processing, mind Printer, electronic
whiteboard,
language
speech
mapping, presentation
graphics, html editor, e- loudspeakers, mobile
phone and
mail, Newsnet news,
communicator, video
chat, groupware, video
conferencing
conferencing
Digital piano, tape
Music, sound
Digital music, sound Software for notation,
recorder, loudspeaker,
accompaniment, audio
mobile phone,
manipulation,
videoconferencing

Symbol systems in real
world,
representations

Sound, its pitch,
rhythm, timbre
Logical-mathematical Logical reasoning, Mathematical and
logical notations
deduction, links
system
between
phenomena,
Logical relations,
analogies,
abstract rules and
hierarchies;
principles; figures
mathematical forms

Musical system

Characters, signs,
words, language

Linguistic system

Symbol system and
its components

Table 1. Symbol systems and their representations in the real world (Gardner, 1983) and on the Internet (Pyysalo 2002,
pp. 99–105) complemented with examples of appropriate software and hardware. The naturalistic system has been added.
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Genes, genomes,
taxa, species,
specimens,
nonliving
participants of
ecosystems;
patterns

An undefined
symbol system
which carries
information
between
individuals
Naturalistic system

Interpersonal system

Movement,
gestures, mimics,
touch

Bodily-kinesthetic
system

E-mail, newsnet news,
chat, groupware, video
conferencing; also
software for other
symbol systems

Qualitative analysis
software, mind
mapping, spreadsheets,
painting, picture
manipulation,
presentation graphics,
GIS, multimedia tools,
tools for video editing,
VR, AR,

Immersive 2D, 3D
VR (virtual reality),
AR (augmented
reality), simulations

Communication using
different forms of
representation of
other symbol systems
like language, music,
pictures or
movements
Multimedia
representations of
species, specimen,
ecosystems, and nonliving components,
videos, games, 2D
and 3D VR and AR

Playing,
pantomime, dance

Social and
emotional
information of
other persons

Taxonomic
classifications,
descriptions of
taxa, species,
specimens,
ecosystems

editing, simulation
software, map creation,
video conferencing
VR software, AR
software, simulation
software, video
conferencing

Document camera,
digital (video) camera,
GPS, loudspeaker,
multimedia
communicators

Document camera,
digital video camera,
GPS, video
conferencing, data
helmets, data gloves,
joysticks and other
interfaces,
Mobile phone,
communicator, video
conferencing; also
hardware for other
symbol systems

communicator, video
conferencing

MULTIMEDIA REPRESENTATIONS
493

494

ILTA-KANERVA KANKAANRINTA
In geography education, lists of necessary skills in ICTs
are also numerous. In Great Britain they are often combined
with key skills which are the general skills that are needed in any
profession. Newcombe (1999, p. 128) suggests for geography
education e.g. skills for using a range of generic software,
evaluation of electronic sources, combination of text and images,
familiarity in film management, ability to structure data for later
retrieval, and skills in GIS. Nowicki (1999, p. 120) emphasizes
skills in using ICTs to prepare, process and present information.
So he suggests the use of palmtops and digital cameras for
recording data, and combining it into multimedia including text,
picture, figures and graphs. Flinders (2000, p. 96) says that general
ICT skills are also valid for geography education: skills to search
for, explore, develop and present information, e.g., to create charts
and graphs or to write reports. Home (2000, p. 188) lists many
activities where ICT related key skills could be combined with
geography education: search for information and the evaluation
of it, the manipulation of downloaded resources and the
reproduction of one’s own reports on the basis of the former.
He also suggests a dimension in skills from simple to complex.
According to Martin (2001, p. 121) high ICT skills are necessary
in order to raise achievement in geography. He sees many
opportunities in the field of generic software, mapping software,
CD-ROM, the Internet, e-mail, data logging and, the digital
camera.
The ways to apply ICTs in geography education are endless
and have not been ultimately defined. That is why in this article
the starting point is ICTs, not geography education. This
classification of skills was in outline applied in a piece of
comparative research which was conducted in 2001 between
samples of geography students in Australia, the United States
of America (Texas) and Finland (Kankaanrinta & Kytömäki,
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2002). We call these skills digital media skills (based on Tella,
2001, who speaks of media skills with a more extensive meaning).
Mediation skills mean the mastering of hardware and software
that mediate and transform information. Information processing
skills mean abilities to search for, use and publish digital
information. They also include skills in file management like
copying files and making folders, but because they do not have a
clear connection to symbol systems they were excluded in this
paper. Communication and cooperation skills cover
corresponding devices and software. The categories are
overlapping, e.g. use of mobile phone includes hardware and
communication skills. Digital media skills include the following
main categories and subdivisions:
1. Mediation
1.1. Hardware
Printer
Scanner
Data projector, beamer or video booster
Document camera or data camera
Digital (video) camera
Global Positioning System, GPS
Electronic whiteboard
Loudspeakers
Graphics tablet and electronic pen
1.2. General software
Word processing, e.g. Word
Tools for qualitative analysis, e.g. Nud*ist
Tools for quantitative analysis, e.g. SPSS
Audio manipulation, e.g. Fast Tracker
Time management tools
Mind map tools, e.g. Inspiration
1.3. Geography software
Spreadsheets, e.g. Excel
Paint, draw or picture manipulation, e.g. Photoshop
Presentation graphics, e.g. PowerPoint
GIS, e.g. ArcView, MapInfo
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2. Information processing
Search engines, e.g. Google
Making homepages, e.g. Dreamweaver
Downloading program files
Downloading music files
Burning CD-ROMs
Non-fiction CD-ROMs
Educational CD-ROMs
WWW-based educational materials
WWW-based scientific journals or articles
Entertainment games

3. Communication and cooperation
E-mail: plain e-mails
E-mail: attachments
Mobile (cellular) phone: calls
Mobile (cellular) phone: text messages
Mobile (cellular) communicator: e-mail
Newsnet News discussions
Real time communication, “chat“, “irc“
Groupware, e.g. First Class, WebCT, Blackboard
Desktop videoconferencing, e.g. Netmeeting
Videoconferencing, ISDN or IP

As a summary, a cube of digital media skills (Figure 1) can
be created (cf. Kankaanrinta & Kytömäki 2002, p. 68). Each
dimension has a continuum from technical level via the practical
level to the emancipatory level of skills (Habermas, 1965/1978,
pp. 308–310; Linnakylä, 1990, p. 6; Nurminen, 2001). The
technical level means technical mastering of applications, the
practical level the ability to transfer existing information through
time and space and the emancipatory level means new and
liberated ways to apply them.
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Figure 1. The cube of digital media skills.

Intentions of this Study
The intentions of the empirical part this study was to find
out what the digital media skills of a certain sample of Finnish
geography teachers were. The skills here referred to mean
opportunities for using various symbol system representations
on the Internet or to create such on it. These representations
have a potential to be handled most effectively by certain
intelligences which occur among teachers themselves and their
students. So the research questions were:
1. On what level (technical, practical or emancipatory) are geography
teachers’ digital media skills in using applications of mediation
(hardware, general software, geography software), information
processing and, communication and cooperation?
2. On what level are geography teacher’s digital media skills in using or
producing different symbol system representations on the Internet?
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2. METHOD
The data for this study was collected at the annual meeting
of Finnish geography teachers in 2002 in Helsinki, Finland. A
questionnaire was used with a semantic differential where teachers
evaluated their skills themselves. At that time there were all
together 1 804 members in the teachers´ association, out of which
176 teachers participated in the meeting, that is 10% of members.
In the meeting 55 teachers answered the questionnaire, that is
31% of the participants. Two weeks later the researcher met on
an educational occasion 11 more teachers that had not
participated the annual meeting. They also answered the
questionnaire, so the total of answers was 66. Our sample
represents the more active of geography teachers in Finland.
Most of the teachers (27) were from comprehensive schools,
some from upper secondary schools (21) or both (13). A majority
(56) were women and their teaching career had lasted
approximately 17 years on average (range from 1 to 35 years).
The questions were like “How often have you used word
processing?” The scale was 5 = I am an experienced user, 1 = I
have not used it at all, 0 = I have never heard of it. The proportion
of teachers who had used the application (%) was calculated.
The means of skills were calculated for those teachers using the
application. The means of skills were also applied to levels of
digital media skills, the lowest (2.0–3.0) describing the technical
level, those in the middle (3.1–4.0) describing the practical level
and the highest (4.1–5.0) corresponding to an emancipatory level
of skills. The categorization was based on pragmatic reasoning:
each category was approximately as wide on the scale and the
lowest section included only such people who had used the
applications.
On the basis of the previous theoretical background (Table
1) it was judged which type of hardware or software applications
and corresponding skills were especially useful for each symbol
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system, in order to use representations, or to create them. It was
concluded that Web-based educational materials, CD-ROMs and
entertainment games belonged to all symbol systems because
they use versatile multimedia and ways of interaction and
communication.

3. RESULTS
The proportion of teachers using each application, skills
of using and level of skills are presented in Table 2. The mean
of skills is presented for those teachers using the application.
Teachers evaluated their skills in 40 applications. There were
22 applications that were used by less than half of the teachers,
and 18 applications that were used by more than half of the
teachers. All teachers used word processing and no one used
qualitative analysis.
The mean of all applications in mediation was 2.9. So the
teachers were on the technical level. They could use the printer
and word processing best and were in that respect on the
emancipatory level. They had some experience of scanners and
document cameras (practical level) but the skills in other hardware
were on the technical level. Their skills in geography software
were best in presentation graphics and spreadsheets where they
just reached the practical level. The mean of skills in information
processing was 3.0, that is on the technical level. They were most
skilful in the use of search engines (emancipatory level) and Webbased educational material or CD-ROMs (practical level). In
communication and cooperation the teachers reached the highest
mean, 3.3, or the practical level. This is because they were so
good at mobile phone applications and e-mail (emancipatory level).
Digital media skills were applied in symbol systems by
reasoning the correspondence between applications and symbol
systems (cf. Table 1). The level of skills which is presented in Table
2 was copied to these corresponding symbol systems (Table 3).

500
ILTA-KANERVA KANKAANRINTA
Table 2. Geography teachers’ digital media skills, and their level. The
scale mean of skills are from 5 = I am an experienced user, to 2 = I
have used it a little. Level of skills: means of 2.0–3.0 = technical
skills, means of 3.1–4.0 = practical skills and means of 4.1–5.0 =
emancipatory skills.
Application
of
(n = 66)
1. Mediation
1.1. Hardware
Printer
Scanner
Data projector, beamer
Document camera
Digital camera
Digital video camera
Global Positioning System, GPS
Electronic whiteboard
Loudspeaker
Graphics tablet, e-pen
1.2. General software
Word processing
Qualitative analysis
Quantitative analysis
Audio manipulation
Time management
Mind mapping
1.3. Geography software
Spreadsheets
Paint, draw
Presentation graphics
Geographical Information System, GIS
All applications of mediation

Proportion
Mean
Level of skills
Users in sample
Of skills

97%
75%
68%
44%
59%
29%
27%
8%
44%
8%

4.4
3.1
3.0
3.1
3.0
2.7
2.6
2.2
3.0
2.2

emancipatory
practical
technical
practical
technical
technical
technical
technical
technical
technical

100%
0%
11%
6%
32%
3%

4.2

emancipatory

2.6
2.0
2.6
2.0

technical
technical
technical
technical

3.1
2.7
3.2
2.5
2.9

practical
technical
practical
technical
technical

77%
84%
60%
44%
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Table 2 continues
2. Information processing
Search engines
Making homepages
Downloading programmes
Downloading music files
Burning CD-ROMs
Non-fiction CD-ROMs
Educational CD-ROMs
Web-based educational materials
Web-based scientific journals
Entertainment games
All applications of information processing
2. Communication and cooperation
E-mail, plain
E-mail, attachments
Mobile phone calls
Mobile text messages
Mobile e-mail
Newsnet News
Chat
Groupware
Videoconferencing, desktop
Videoconferencing, IP, ISDN
All applications of communication

98%
45%
72%
35%
31%
85%
86%
89%
66%
39%

4.1
2.6
3.0
2.5
2.9
3.4
3.2
3.2
2.9
2.4
3.0

Emancipatory
technical
technical
technical
technical
practical
practical
practical
technical
technical
technical

98%
91%
98%
92%
20%
42%
32%
23%
5%
25%

4.5
3.9
4.6
4.6
2.8
2.6
2.3
3.2
2.3
2.5
3.3

emancipatory
practical
emancipatory
emancipatory
technical
technical
technical
practical
technical
technical
practical

Most of the digital media application could be categorized
to be typical for, at least, one or some of the symbol systems
and correspondingly for intelligences. Most applications had
linguistic and spatial symbol systems (both 21), while the fewest
applications had bodily-kinesthetic systems (9). The means for
linguistic and interpersonal applications were highest (3.2) and
only just on the practical level. The means of skills in applications
typical of other symbol systems were on the technical level.

1. Mediation
1.1. Hardware
Printer
Scanner
Data projector, beamer
Document camera
Digital camera
Digital video camera
GPS
Electronic Whiteboard
Loudspeaker
Graphics tablet, e-pen

Application

E
T
T
-

Linguistic

T
-

Musical

T
E
PT
P
T
T
T
T
T

P
T
T
-

Levels of skills applied in symbol systems
LogicalSpatial
Bodilymath-ematical
Kin-esthetic

-

-

Interpersonal

P
T
T
T
T
-

-

Naturalistic

Table 3. Geography teachers’ digital media skills applied in symbol systems. Levels of skills: T = technical skills, P
= practical skills and, E = emancipatory skills, - = not applicable. Categories for level of skills as in Table 2.
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2. Information processing
Search engines
Making homepages
Downloading programmes
Downloading music files
Burning CD-ROMs
Non-fiction CD-ROMs
Educational CD-ROMs
Web-based educational
materials
Web-based
scientific
journals
Entertainment games

1.2. General software
Word processing
Qualitative analysis
Quantitative analysis
Audio manipulation
Time management
Mind mapping
1.3. Geography software
Spreadsheets
Paint, draw
Presentation graphics
GIS

Table 3. continues

T
P
P
P
T

P
TT

-

P
T
P
P

-T
T
-

E T

T

P

E
P
P

P
T

T
T

E
no skills

T

P

T
P
P

P
T
P
T

T

T

P

P
P

-

-

T

P

P
P

-

-

T

P

P
P

P
T
P
T

no skills
T

MULTIMEDIA REPRESENTATIONS
503

E-mail, plain
E-mail, attachments
Mobile phone calls
Mobile text messages
Mobile e-mail
Newsnet News
Chat
Groupware
Videoconferencing, desktop
Videoconferencing,
IP,
ISDN
Total
Number of applications
Minimum of skills
Maximum of skills
Mean of skills
Level of skills

3. Communication and cooperation

Table 3. continues

E
T
T
10
2.0
4.6
2.9
T

E
P
E
E
T
T
T
P
T
T
21
2.0
4.6
3.2
P

14
2.0
4.2
3.0
T

-

P
-

21
2.0
4.4
2.8
T

T

T

9
2.3
3.4
2.8
T

T

T

14
2.3
4.6
3.2
P

T

E
P
E
E
T
T
T
P
T

14
2.0
3.4
2.9
T

-

-
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4. DISCUSSION AND CONCLUSIONS
Geography teachers need digital media skills for two
purposes. First, they need to understand and use geographical
multimedia information on the Internet. Secondly, they need the
ability to produce themselves and with their students multimedia
products on the Internet. For these purposes, they especially
need those skills that are typical for spatial symbol systems and
the products used in geography: diagrams, graphs, matrixes, visual
models, maps, aerial photos, satellite images and GIS applications.
The corresponding hardware consists of scanners, digital
cameras, document camera, data projector, GPS and, multimedia
communicator.
Geography teachers’ digital media skills in spatial symbol
systems were modest, on the technical level. They could just use
spreadsheet programmes and presentation graphics on the
practical level, but paint programmes and GIS applications only
on the technical level. Also the skills in using hardware for these
visual reproductions were low: the teachers had the technical
skills to be able to use digital camera, digital video camera or
GPS, but they all did not use them. It was decided not place
applications for virtual reality or augmented reality on the
questionnaire in order to avoid frustration among the
respondents. Their skills in using other general symbol products
like Web-based educational materials and CD-ROMs were better.
Also the relatively high skills in using search engines holds the
promise that the resources of the Internet can be further
exploited in future. But for producing home pages on the subject,
the mean of skills was on a modest technical level, and less than
a half of teachers used them.
The sample of geography teachers can be placed in the
cube of digital media skills (Figure 1). The teachers were in the
low left-hand corner on the mediation and information
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processing axis (technical level). On the z-axis, for communication, they were a little bit higher, or on the practical level.
These placements can be criticized. The means of skills were
calculated for those teachers who used the applications. Further,
the questionnaire included an uneven number of applications
for each dimension and, the skills were based on self-evaluation,
not on objective skills judged by an outside evaluator. Additionally,
the categorization of skills from means for the three levels
(technical, practical and emancipatory) was a matter of routine
without any deeper argumentation. However, the cube offered a
means for a rough modelling of the results.
Because geography teachers’ digital media skills were
modest, also their opportunities to access the multimedia
information of the Noosphere or the global distributed
knowledge were rather weak. Additionally, as the skills in using
applications typical of spatial system were on the technical level
they could not maximize the benefits of the Internet for
geography education.
This was a ground breaking attempt to discuss digital media skills and multimedia representations applied to Web-based
geography education. So the results are on a very rough and
general level, applicable to the more active of geography teachers
in Finland. That is why new and more specific research is needed.
Intelligence profiles of teachers and students are possible to
define with a test (IQ Form, 2001). Experiments which combine
tested intelligence profiles and a more controlled symbol system
approach could offer new information about the effective use
of multimedia representations of the Internet in geography
education.

MULTIMEDIA REPRESENTATIONS

507

6. REFERENCES
Basic Indicators on the Incorporation of ICT into European Education Systems—
Facts and Figures 2000/01. Annual Report. (2001). Directorate-General
for Education and Culture. Brussels: Eurydice, European
Commission. Retrieved April 1, 2004, from
http://www.eurydice.org/Documents/TicBI/en/FrameSet.htm
Cunningham, P. J. (1997). Teilhard de Chardin and the Noosphere.
Computer-Mediated Communication Magazine 6 (March). Retrieved April
1, 2004, from http://www.december.com/cmc/mag/1997/mar/
cunning.html
Flinders, E. (2000). Assessing Key Skills through geography: a practical
approach. Teaching Geography 25 (2 April), 96–98.
Gardner, H. (1983). Frames of Mind: The Theory of Multiple Intelligences. New
York: Basic. Books.
Gardner, H. (1993). Multiple Intelligences: The Theory in Practice. New York:
Basic. Books.
Gardner, H. (1995). Reflections on multiple intelligences. Phi Delta Kappan
77 (3 November), 200–209.
Gardner, H. (1998). Are there additional intelligences? The case for
naturalist, spiritualist and existential intelligences. In J. Kane, (Ed.),
Education, information and transformation. (pp. 111–131). Upper Saddle
River, NJ: Prentice Hall.
Gardner, H. (1999). Intelligence reframed: Multiple intelligences for the 21st century.
New York: Basic Books.
Gardner, H. (2003). Multiple intelligences after twenty years. Paper presented
in the American Educational Research Association Chicago, Ill. April 21st,
2003. Retrieved April 1. 2004, from
http://www.pz.harvard.edu/PIs/HG.htm
Habermas, J. (1965/1978). Knowledge and Human Interests. (Original work
published in 1965.) London: Heinemann.
Home, P. (2000). Geography and the Internet: Adding a Key Skills
dimension. Teaching Geography 25 (4 October), 187–190.
IQ-Form (2001). IQ Research Group. Department of Education,

508

ILTA-KANERVA KANKAANRINTA
University of Helsinki. Retrieved April 1, 2004, from
http://iqform.edu.helsinki.fi/index_en.html

Kankaanrinta, I.-K., & Kytömäki, J. (2002). Digital Media Skills for
Geography Students and Teachers: The Cases of Texas, Australia
and Finland. Proceedings: Education for Sustainable Living. IGU
Commission on Geographical Education. Volume One. Richard’s Bay
Symposium, Richards Bay, Republic of South Africa, 1–4 August 2002 (pp.
67–71).
Lévy, P. (2001). Collective Intelligence. In D. Trend, (Ed.), Reading Digital
Culture (pp. 253–258). Malden, MA: Blackwell Publishers.
Linnakylä, P. (1990). Reading Skills—Readiness and Liberty. In P.
Linnakylä, & S. Takala, (Eds.), New Dimensions of Reading
(Lukutaidon uudet ulottuvuudet, in Finnish). Publication Series B.
Theory into Practice. (pp. 1– 23). Jyväskylä: Institute for
Educational Research.
Martin, F. (2001). Using ICT to raise achievement. Teaching Geography 26 (3
July), 117–121.
Newcombe, L. (1999). Developing novice teacher ICT competence.
Teaching Geography 24 (3 July), 128–132.
Nowicki, M. (1999). Developing key skills through geography fieldwork.
Teaching Geography 24 (3 July), 116–121.
Nurminen, O. (2001). New Dimensions of Media Literacy
(Medialukutaidon uudet ulottuvuudet, in Finnish with an English
abstract.). In S, Tella, O. Nurminen, U. Oksanen, & S. Vahtivuori,
(Eds.), Theory and Practice of Network-Based Education (pp. 132–151).
University of Helsinki, Department of Teacher Education. Studia
Paedagogica 25.
Pelgrun, W. J., & Anderson, R. E. (Eds.) (2001). ICT and the Emerging
Paradigm for Life-long Learning: An IEA Educational Assessment of
Infrastructure, Goals and Practices in Twenty-Six Countries. Amsterdam:
International Association for the Evaluation of Educational
Achievement, IEA and University of Twente.
Pyysalo, R. (2002). Using Multiple Representations to Scaffold Distributed
Learning in Virtual University. In H. Niemi, & P. Ruohotie, (Eds.),
Theoretical Understandings for Learning in the Virtual University (pp. 91–

MULTIMEDIA REPRESENTATIONS

509

118). Hämeenlinna: Research Centre for Vocational Education and
Training.
Samson, P. R., & Pitt, D. (Eds.) (1999). The Biosphere and Noosphere Reader.
London and New York: Routledge.
Teilhard de Chardin, P. (1959/2002). The Phenomenon of Man. (Original work
published 1959.) New York: HarperCollins.
Tella, S. (2001). Introducing and Justifying Network-Based Education. In S.
Tella, O. Nurminen, U. Oksanen, & S. Vahtivuori, (Eds.), Theory and
Practice of Network-Based Education. University of Helsinki,
Department of Teacher Education. Studia Paedagogica 25 (pp. 13–
34). (In Finnish with an English abstract.)

Some Methodological Viewpoints on
how to Evaluate Efficiency of Learning
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ABSTRACT
This paper presents methodological viewpoints on how to evaluate efficiency
of learning in small groups by analysing groups´ interaction. The analysis
method is based on modified Bales Interaction Process Analysis and Flanders
Interaction Analysis System (FIAS) and it is presented with a case example.
The basic idea of the method is that small groups´ interaction is lettered into
numbered categories. Frequency of each category is calculated and thereby
an interaction profile is drawn. In this paper a new way of comparing the
profiles, with the help of Scott’s ð, is presented. The sequence of numbers is
further transformed into a matrix from which informative indexes are
calculated. With the help of these indexes it is possible to sort the groups
into order to identify efficient and inefficient groups. The division is verified
by using information concerning students’ grades and their subjective opinions
about the efficiency and atmosphere of the group. The method is presented
with a case example. In the case study, problem based learning groups on a
basic programming course were studied. Nine problem based learning group
meetings (6 - 7 students each) were recorded and observed in total 42 times.
As a case example indexes of efficient and inefficient group meetings are
presented.
Key Words: Interaction analysis, FIAS, problem based learning, computer
programming
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INTRODUCTION
In this paper, we present a method for analysing interaction
in small groups. Moreover, we show how the method can be
used to identify differences in the efficiency of learning between
the groups. Our research origins from the experiences of applying
Problem Based Learning (PBL) on an introductory programming
course for several years. We observed that PBL groups have
very different characteristics concerning how students in the
group interact. This became even more obvious when we
launched a new variation of PBL (Kinnunen and Malmi, 2002),
where there were no tutors present in the group. We wanted to
explore whether the observed differences could be analysed using
some interaction analysis method. Moreover, such analysis results
could correlate with the observed differences in the learning
results, as well, and thus give us more insight about the nature
of group interaction.
To be able to describe the interaction, we used modified
Bales Interaction Process Analysis and Flanders Interaction
Analysis System (FIAS). The basic idea of these methods is that
the interaction is coded into numbered categories, which enables
us to describe interaction in different ways. We also generated a
new way of describing similarities and differences in interaction
between several groups by using Scott’s ð.
Bales used his Interaction Process Analysis to study problem
solving in small discussion groups. (Wester and Driskell 1983)
Flanders’ FIAS was generated to study teachers’ interaction with
students in a classroom. FIAS has also been used as a tool for
teacher education. (Flanders & Amidon 1981) Over the years
researchers have modified FIAS categories to better fit their
purpose (for example, Hunter 1970 and Birkel 1971).
In our study we couldn’t use either Bales’s or Flanders’s
categories as they initially were, since our research target was

512
PÄIVI KINNUNEN, LAURI MALMI
neither informal discussion group nor a normal classroom.
Because of our research target, we modified and added some
categories, which characterized the contents of the discussion,
too. Based on the categories the interaction profile can be
presented as a matrix, and interesting indexes can be calculated
from the matrix. We apply these indexes and Scott’s ð to identify
differences in the groups. Finally, the observed differences can
be compared to course results, student’s opinions on their group
interaction, and the researcher’s personal observations on the
groups.
We stress that the main focus of this paper is the description
and evaluation of the research methods. The presented results
are used mainly for demonstrating the method, and complete
records and analysis results of our observations are out of the
scope of this paper.
The paper is organized, as follows. First, we describe the
target of observation. Thereafter we briefly explain the basic
idea of Bales Interaction Process Analysis and FIAS, and why
we modified the initial categories. Next, we examine the similarity
of interaction between the groups with the help of the indexes
and Scott’s ð. We will show step by step with case examples how
the method was used. In the conclusion we discuss the strength
and the added value of the presented methods.

TARGET OF RESEARCH
Our research targets were PBL groups in a University
setting. We observed nine PBL groups, 6 - 7 students each, in
total 42 times. Students were studying an introductory computerprogramming course (5 study week) at Helsinki University of
Technology. Attending a PBL group, which came together 8 10 times/course, was one compulsory part of this course. Other
obligatory parts were programming exercises, programming
project and an exam. Lectures were available but voluntary.
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The PBL groups studied using the 7–step method (Schmidt
1983), which consists of three parts: two group meetings and
self directed learning. The first group meeting is an opening
session, where students get a case that triggers discussion about
the subject. Based on this discussion, students brainstorm for a
while to make it clear what they already know about the subject
and what they still need to learn to better understand the case.
After that the students set learning goals for themselves. During
the self directed learning each student studies to meet the learning
goals. Thereafter the group meets again for the closing session,
where the students discuss about what they have learned. They
try to make a synthesis of all knowledge they have and thus try
to better understand the case. Usually there is a tutor present at
each group meeting to help students. (Hakkarainen, Lonka &
Lipponen 2001, Engel 1991)
In our research, nine groups had a tutor present only in the
first two opening sessions and the first closing session (a tutor
was present so that he/she could help students to get familiar
with PBL and help them to get started). After that the groups
met alone. This arrangement was due to the experiment where
conventional PBL was modified so that it could eventually be
put into practice also in large scale courses (400 – 500 students).
The main difficulty with large scale courses and PBL is that the
university does not have resources for that many tutors and
classrooms for the groups. This is the reason for significant
reduction of tutors’ role in this experiment. (Kinnunen and
Malmi, 2002)
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METHOD
Bales & FIAS
In Bales Interaction Process Analysis groups are observed
and each unit of interaction, for example, someone’s address, is
coded into one of 12 categories. Half of the categories concern
social-emotional interaction and the rest concern the task. After
the interaction is coded, the frequency of each category is
calculated. With the frequencies it is then possible to draw the
interaction profile. Bales also calculated indexes by comparing
the frequencies of categories. (Bales 1951)
Flanders developed Bales Interaction Process Analysis
further. In FIAS there are ten categories. Seven of them concern
teachers’ talk and two students’ talk. One category is for silence
and confusion. Interaction is coded into categories and the
resulting sequence of numbers is transformed into a matrix. From
the matrix it is possible to calculate the same interaction profile
and indexes that Bales used. In addition, it is possible to find
informative interaction cycles from the matrix. These cycles are
used for calculating new indexes, which describe groups’
interaction. (Amidon & Flanders 1962)

Modified version
Categories
In our research, we modified the categories to better suit
our research target. Most categories are the same or only slightly
modified, than the ones in Bales Interaction Process Analysis
and FIAS. However, we added three new categories to be able
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to analyse the contents of the discussion. Category 1 (see the list
below) was added because we wanted to make a difference when
students did not talk about the subject. Category 10 was added
because we wanted to know how much the groups spent time
and effort getting organised. Finally, Category 11 was added to
enable us to make a difference when another person continues
with the same type of address than the previous speaker.
Otherwise we would not be able to recognize whether, for
example, one person has been talking about the subject for a
longer time or several people have been discussing it. The
categories we used were:
1. Talks about something else than the topic of the meeting
2. Releases tension
3. Encourages or agrees
4. Chairman’s address
5. Gives his/hers own explanation about content
6. Lectures: A student teaches others
7. Asks a question
8. Responds to a question
9. Strongly disagrees, expresses negative feeling
10. Getting organised
11.Change (another person continues the same type of address than the
previous speaker)
12. Silence
13. Confusion
14. Tutor lectures
15. Tutor responds to question
16. Tutor comments generally

Categories 1 – 13 concern student talk and categories 14 –
16 concern tutor talk. Interaction was lettered every five seconds
from the tape into these categories. If more than one category
occurred during the five–second interval, all categories in the
interval were recorded. The sequence of numbers was then
transformed into a matrix. Below there is an example, how
interaction was transformed into the numbered categories.
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S1: Should we start already?
S2: Okay
S1: Our learning task was to find out
what is a class and an object, what is the difference.
S1: Have you studied those?
S3: I understood it so that classes are like moulds
that describes what kind of objects there can be.
S2: But, what is an object?

4
3
4
7
5
7

As a result we got the sequence of numbers: 4 3 4 7 5 7.
The numbers were paired and transformed into a matrix, as
follows. The first and the second number in the pair indicated
the row and the column in the matrix, correspondingly, and a
marker was added to the position in the matrix. The next pair
was created so that its first number was the last number of the
former pair and the second number was the third number in the
sequence and so forth. Finally, the total number of marks in the
matrix was summed up and scaled to 1000 marks to enable
comparing meetings of different lengths. An example of a closing
session matrix is seen in Table 1. In the session there was no
tutor present; so only categories 1 – 13 were used.

Indexes
From the matrix it was possible to see some interesting
interaction paths. These circles form indexes, which gave us
information about the interaction in the group. The indexes were
created so that all marks in a certain area were calculated together
and their sum was compared with all marks in the whole matrix
or marks in some other area. In Table 1 there is an example of
areas of two indexes. The smaller area in the top left corner
denotes ITC (Irrelevant Talk Circle: the tendency to get stuck on
talking on irrelevant subjects). The two larger areas form CCR
(Content CRoss: how factual the conversation was). The index CCR
was already generated by Flanders, although his categories were
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slightly different. However, the idea is the same (Amidon &
Flanders 1962).
Indexes can be used, for example, for evaluating how
efficiently the groups work. In order to find out, which groups
worked efficiently and which inefficiently, we observed more
Table 1. An example of a closing session matrix including two index areas
categ.
1
2
3
4
5
6
7
8
9
10
11
12
13

1
66
44
0
0
0
0
0
0
0
0
47
0
4
61

2
3
22
00
6
2
2
0
2
2
22 108
0
6
0
8
0 26
2
0
4 10
14 18
0
0
4
2
57 181

4
5
2
2
0 18
2 102
0
2
0 55
0
0
0
8
0 12
0
0
0
0
0 57
2
6
0 10
6 272

6
0
0
2
0
2
4
0
0
0
0
0
0
2
10

7
0
0
30
0
14
0
18
10
4
2
4
6
2
89

8
0
0
2
0
0
0
49
8
0
2
6
0
2
69

9
0
0
0
0
4
0
0
2
0
0
0
0
0
6

10 11
0 47
4 14
12 18
0
0
0 57
0
0
2
4
0
6
0
0
0
4
4
0
2
0
2
0
26 150

12
0
6
4
0
2
0
0
2
0
0
0
24
4
41

13
2
4
8
0
8
0
0
4
0
4
0
2
2
33 1000

area for ITC index
area for CCR index

closely four indexes, which were the most essential concerning
efficiency: CCR, ITC, PE (positive encouragement) and IT
(irrelevant talk). By sorting the groups into order by these indexes,
we were able to identify efficiently and inefficiently working
groups. Sorting was done by setting the groups in order by one
index at the time (For example, the group that had the lowest IT
(irrelevant talk) index got the serial number one and the group
that had the second lowest index got the serial number two and
so forth). This way each group got a serial number at each index.
Finally, all serial numbers from different indexes related to one
group were summed up. This process was repeated with every
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group. The group that got the lowest sum was regarded as the
most efficiently working group. The division between efficient
and inefficient groups was verified by inquiries, interviews and
observations.
Efficient groups talk more on the subject and have less
irrelevant talk. In Table 2 we have the average index values of
the three most efficient and three most inefficient groups within
our 9 observed groups. In further analysis the significance of
the difference between the average values was calculated with ttest. As we can see, there was a significant difference between
the indexes IT, ITC, and CCR of efficient and inefficient groups,
whereas the difference on the index PE was not significant.
Table 2. Average indexes of efficient and inefficient groups
Efficient
IT
1.4
ITC o.4
CCR 66.6
PE
16.7

inefficient
13.3
7.7
47.3
14.2

p-value
0.050
0.021
0.021
0.391

We also compared these findings with students’ course
grades, course passing per cents and feedback concerning group
efficiency, and found this information to match well the results
of the interaction analysis (see Table 3).
Table 3. Course grade averages and passing per
cents of the course for efficient and inefficient groups
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At this course the grading scale is from 0 (lowest) to 5
(best). The significance of the difference between the course
grade averages was calculated with t-test. The difference is
significant (p = 0,005). There is also a clear trend in course
passing per cents.

INTERACTION PROFILE
Interaction profiles describe how many and what kind of
addresses there were during the group meeting. The profile was
calculated by summing up all marks in one column. These sums
(the last row in Table 1) constitute the closing session interaction
profile of the group (see Table 4). From the profile we can see,
for example, that most marks were in the category five (giving
his/hers own explanation about content). Also in category three
(encourages/ agrees) there were many marks.
The profile in Table 4 presents a closing session of an
efficient group. By setting a corresponding profile of an
inefficient group next to this one, it is possible to see exactly
how these two interaction profiles differ. In the next section we
describe how the interaction profiles were compared with each
other.

Comparing interaction profiles with the help of
Scott’s ð
Flanders used Scott’s ð to study the reliability of two
observers (Flanders 1965). Scott’s ð is a coefficient, which is
unaffected by low frequencies and is more sensitive at higher levels
of reliability than Chi-square. The value of the Scott’s ð describes
how similar two interaction profiles are. The closer the ð is to one
the greater is the similarity between the profiles and the closer the
value is to zero the greater is the difference. In our study, we used
Scott’s ð for verifying reliability but also for finding similarities in
interaction profiles between different kinds of groups.

Table 4. An example of interaction profile of a closing session.
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First, we compared all observed group meeting profiles
with each other and calculated Scott’s ð values for each pair in
the comparison. The values were set into a big matrix where all
profiles were against each other. Next we searched for 20 % of
the lowest and 20 % of the highest Scott’s ð values. 20 % of the
lowest values were set to describe weak similarity and 20% of
the highest values were set to describe strong similarity between
the interaction profiles.
Now we were able to look at certain areas in the big matrix
and calculate how many weak and strong Scott’s ð values there
are in each area. We looked at, for example, an area where there
were all opening and closing sessions of efficiently working
groups and the corresponding area of inefficiently working
groups. We calculated how many of those Scott’s ð values in the
area were strong and how many of them were weak. Table 5
includes the counts (N) and percentages of strong and weak
Scott’s ð values in efficiently and inefficiently working groups’
areas of the matrix.
From the table it can be seen, for example, that interaction
profiles in efficient groups’ opening sessions were similar with
each others (33 % strong values and none weak values). Inefficient
groups’ closing session interaction profiles, on the contrary, were
different from each others (57,1 % weak values and only 14,3 %
strong values).
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Table 5. Counts and percentages of weak and strong Scott’s ð values.

Reliability
The reliability of this method depends heavily on how the
categories are established and how precisely the coding is carried
out. In this study one researcher did all lettering. In order to
study the reliability of our research, we did double coding for
one opening session tape. The researcher coded the tape twice
so that the second time took place six months after the first
time. The time between the coding was so long because we
wanted to be sure that the researcher did not remember the first
coding. Moreover, in order to study the reliability of the categories
another researcher also coded the same tape. This researcher
had no previous experience from coding, but he was briefly
trained for it. In Table 6 there are results of the double coding.
The first two columns were calculated from the work of the
main researcher and the third column includes the results of the
other researcher.
We can see some differences between the first and second
coding and the second researchers’ coding. However, these
differences have obvious explanations. The differences in
Category 1 obviously relate to time: the second coding took place
six months later and the researcher had already forgotten the
real situation and couldn’t make so clear distinction between
relevant and irrelevant talk. The second researcher was never
present at the real situation, so recognizing the distinction was
hard for him, too.

1
2
3
4
5
6
7
8
9
10
11
12
13

74
27
228
14
293
0
56
120
2
20
130
7
27
1000

re
se
ar
ch
er

d

g

132
20
200
9
294
0
37
87
0
7
189
5
20
1000
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Table 6. Comparison of coding results.

20
38
284
18
157
144
73
127
8
25
91
0
15
1000

When we look at Categories 5 and 6, we find that the
second researcher has understood the content of the categories
in a different way than the original researcher. This is due to
the training of the second researcher. It should have been made
clearer, how strict the first researcher understood Category 6.
Fortunately, this difference does not disturb the results, since in
all indexes Categories 5 and 6 are calculated together.
Differences in Category 11 follow from researcher’s
experience. Bales (1951) notes that an inexperienced researcher
often misses or ”skips over” units. At the time of the second
lettering, the researcher was more experienced. From the table
we can see that at the second lettering time the researcher has
noticed more changes between addresses (Category 11). The
second researcher is not very experienced and this shows as a
low number at Category 11.
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Scott’s ð value between researcher’s first and second
letterings, and between researcher’s first lettering and the second
researcher’s lettering was 0.72. (In the latter case, Categories 5
and 6 were combined. Such combination is possible since it does
not affect the indexes.) This value can be considered fairly good,
since the value indicates a kind of correlation between the profiles.
Finally, we note that Scott’s ð could never be 1 due to human
errors. More important is that categories are established so that
it is possible to get relevant information (Uusikylä 1980).
524

CONCLUSION
In this paper a method for analysing interaction in a small
group was presented. It was explained how Bales Interaction
Process Analysis and Flanders Interaction Analysis System (FIAS)
were modified. The modifications were necessary because the
research target was students’ interaction in PBL groups, where
students have a clear studying orientation. Bales Interaction
Process Analysis was generated to study interaction in a more
informal group setting. FIAS, instead, was generated to study
interaction in a teacher-centred classroom. With the original
methods it would have been impossible to describe the interaction
in a PBL group from the viewpoint we were interested in: to
identify such aspects in the interaction that relate to learning.
The modifications were twofold. First, some categories were
added to be able to study those aspects of interaction that were
essential concerning learning and efficiency. For example, the
Category 1 was added to see to what extent students’ talk was
irrelevant to the subject. Also new indexes were generated to
better understand essential parts of interaction. For example,
with the help of new Category 1, indexes IT (irrelevant talk) and
ITC (irrelevant talk cycle) were generated. This way it was possible
to make a difference if talk in a group was irrelevant only for a
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short time at a time or if the group had a tendency to get stuck
on irrelevant talk for a longer period of time. These indexes and
the CCR (Contents CRoss) could be used to distinguish between
efficient and inefficient groups. Moreover, such a difference
matched well to other observations of the groups and the course
grades and drop out rates of the groups.
Second, a new way of comparing the similarity of several
interaction profiles to each other with Scott’s ð was generated.
Neither Bales’ nor Flanders’ methods give the same opportunity
as the new method. When Scott’s ð is calculated between each
interaction profile, it is possible to see, for example, that
interaction in closing sessions of inefficient groups varies much
more than interaction in the closing sessions of efficient groups.
In other words, inefficient groups did not succeed to stabilise
what they were supposed to do in a closing session. Obviously
there is no single reason for inefficiency in a group. For example,
some or most people have not studied enough or people have
very different studying preferences or motivations, or there could
be personality clashes within the group etc. This matches with
the observation that the profiles were so different. On the
contrary, efficient groups spent more time on studying in the
group meetings, and thus the profiles resembled more each other.
By using the basic idea of Bales and Flanders with our
modifications and the new way of using Scott’s ð it was possible
to get a more versatile picture of essential parts of interaction in
tutorless PBL groups. The information concerning interaction
can be used as a feedback to the group and to the teacher. Groups
can be given instructions based on results what kind of interaction
is most likely to favour efficiency.
The main focus of this paper has been the description and
evaluation of the research method. The case examples we have
presented as applications of the method concerned only
efficiency and inefficiency of the tutorless PBL groups. However,
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the method gives an opportunity to tackle many other research
questions, as well. For example, we have used it for to compare
students’ interaction between tutorless PBL groups and PBL
groups that have a tutor present every time. However, all detailed
results of the analysis are beyond the scope of this paper.
In the future, we are going to concentrate on more profound
analysis concerning the content of the talk. Our vision is to
generate such categories, which would be discriminative enough
to describe students’ understanding about some central concepts
of programming.
Finally, there are some points, which must be considered if
using this method. First, if more than one researcher is used for
lettering, there has to be proper training for the job to assure
reliability. Second, to get a more versatile picture of what happens
in a group, it is a good idea to combine this method with other
methods such as inquiry and interview. This helps understanding
and interpreting results.
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ABSTRACT
The role of information retrieval in education is twofold. On one hand, the
entire educational process with all its aspects (teaching, studying, learning)
constructs, transforms, and represents information; in order to do this, the
process needs to identify appropriate sources of relevant information. On
the other hand, the currently available technologies for information retrieval
are so versatile that they require both technical and conceptual training to be
useful. We present a concept analysis showing the internal similarity of
information retrieval and teaching-studying-learning processes. Both of these
processes aim at making an originally obscure, latent, unlearned or unknown
but relevant topic explicit, manifest and understandable. Both of them are
also often interfered by noise. For example, retrieving relevant information is
threatened by the misuse and corruption of information. Reducing misuse
and corruption requires not only policies for good conduct but elaborating
the idea of ethical use of information and communication technologies at
large.

Information retrieval, search engines, metadata, relevance, teaching-studyinglearning process, ICT literacy.
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1. INTRODUCTION
The need for information retrieval (IR) in education is
obvious. Traditionally, IR services have been attached to libraries
(e.g. Chen & Hernon, 1982). In distance education, especially,
students need to search for additional information via IR services.
Researchers are already gotten used to accessing digital libraries
and databases such as ERIC – the premier database for the
educational sciences. However, the ERIC database can also be
problematic for users who are only interested in the perfunctory
use of one IR approach. (At the time of writing, ERIC is not
functional due to a restructuring and will be open in some form
in late 2004.) Education can be enhanced by digital learning
materials which have information retrieval agents of their own.
For example, teachers as well as students use various web services
to locate information for their lectures, written reports, essays,
or other assignments. Information retrieval can also support the
formation of peer groups and can help distribute expertise.
Recently, multimedia services have become increasingly
important carriers of information. Functional tools available for
multimedia retrieval are even rarer than those available for textual
retrieval. However, with the technology currently available, we
could create activating learning environments which allow
students from different locations to collect data, analyse them,
represent the findings in various formats, and build new concepts
that reflecting their shared views. Throughout the entire process,
the students could make use of retrieval tools which facilitate
efficient access to reliable data and information sources.
In contrast to the possible benefits of IR tools, there are
also disadvantages such as the increasing use of IR tools in an
unethical or incorrect way. The benefits of IR lose much of
their attraction in cases where students use materials without
permission, assemble unrelated pieces of information into a
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meaningless aggregate, draw conclusions without sufficient
evidence, or even falsify retrieved information to support their
own unjustified conclusions. Imagine a situation where a group
of students from different parts of the world are supposed to
use Internet resources to conceptualise the greenhouse effect.
The main goal of this study is to help to understand the
possibilities and problems of information retrieval methods in
modern learning environments. In spite of the apparent need
for information retrieval in education, the terms utilised have
been quite unclear and vaguely defined. One consequence of
the lack of clarity of concepts at the abstract level is that students
are using IR methods in a trial-and-error mode. This might be
explained by the lack of a systematic analysis on the properties
of IR tools. There are no recommendations on teaching and
learning the use of IR tools. Furthermore, it seems that the tools
are developing so fast that only a preliminary analysis of their
state-of-the-art educational uses is possible for the time being.

Research goal and method
Our goal is to clarify the terminology and analyse the
concepts related to education. To this end, the paper analyses in
a systematic way a number of commonly used approaches. This
paper contrasts the great expectations in IR education with the
present status. An analysis of research literature and preliminary
studies indicate that even if some interesting case studies are
available (e.g. Lavonen, Juuti & Meisalo, 2004), the full potential
of IR methods has not been utilised for learning in courses related
to information and communication technologies (ICT) in schools.
For instance, concept mapping and other visualisation tools, or
creative problem solving methods in virtual learning environments, are seldom encountered. There are advanced techniques
based on artificial intelligence for information retrieval, like agents.
However, we do not cover them in this paper, because our focus
is on education and these methods are not yet in common use.
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2. CONCEPTS
In the context of Finnish K-12 education, learning and
using information retrieval tools should be an integrated effort
carried out by all disciplines. This is because ICT is not taught as
an independent subject but is rather woven in an applicationoriented way within traditional disciplines like mathematics or
languages. This means that, ultimately, the technology should
provide the learning community with tools that both teachers
and students can use for solving real, authentic problems.
Although this approach has its benefits, the problems especially
arise when teachers with relatively shallow technical skills need
to integrate the use of advanced technologies, like information
retrieval, into their teaching.
Therefore, in the context of Finnish K-12 or even higher
education, the three terms: computer science education, informatics
education, and information and communication technology (ICT) education,
carry almost identical contents. Each of them refers to two topics
which should be intertwined in the daily arrangements of school
education. The first one means teaching, studying, and learning
of the subject matter of information processing (programming,
information systems, usability and the such); the other one uses
computing technology as a medium, instrument, or tool for
learning topics in other subjects. We refer to these two topics,
respectively, as the technical and applied contents (of computer
science, informatics, or ICT).
Another solution would have been to discern between
computer science education (or informatics education, or ICT
education) and educational technology where the first term refers to
the technical content and the second one to the applied content.
In terms of this dichotomous conceptualisation, which is
espoused even in Finland at the academic level, one could
subdivide the first term (computer science) into three different,
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but partly overlapping areas (computer science, informatics, and
ICT education) sharing the common metaconcept of computing
education (or alike). In terms of the subdivision of the concept
‘computer science education’, computer science (CS) refers to the design
and analysis of computational processes and their realisations
with technology, informatics is a discipline of information systems
with the individual at the centre of activity, and ICT is a rather
widely understood concept with an emphasis on user-initiated
processes for efficient information flows. Again, computing
education and educational technology could be categorised as
the two threads of educational informatics.
Information retrieval (IR) refers to mechanisms, techniques,
and software which are used for identifying a relevant topic in a
large database, called a search space. For example, users might want
to get information on the location of their next vacations or on
the different arguments for and against an ethical issue like
abortion. To this end, the user submits a query to the information
retrieval engine. Typically, the space to be searched for relevant
documents might be the whole Internet or a particular intranet.
In the search space, the documents concerned are mostly textual
since multimedia information retrieval is still at its early stage.
After retrieving the relevant documents, the user needs to assess
the answer set by relating it to the original query. The concept
of information retrieval becomes clearest when it is compared
to data retrieval (Table 1).
Table 1. Information retrieval vs. data retrieval.
Data retrieval
Form of query
Coded
Search space
Data banks
Results assessed by Apparent objectivity

Information retrieval
Descriptive
Diverse sources
Subjective interpretation

THE POSSIBILITIES OF INFORMATION RETRIEVAL
533
Because of its subjective character, the concept of relevance
is crucial for information retrieval. If the information retrieved
by an engine is irrelevant to its user, the technology is useless,
independent of the potential correctness of the information,
access speed, or any other factor which is a significant feature of
any data retrieval mechanism. Interestingly, the same concept is
also a fundamental prerequisite for understanding modern
educational thinking. A new piece of information should be based
on or linked to the existing knowledge structure of the learner;
otherwise, it remains an obsolete or disconnected element in the
mental landscape of the learner. Thus, the search space in the
context of information retrieval is analogous to the concept of
learning space in education. Relevance in both spaces could be
understood as an attribute identifying a topic or phenomenon
worth aiming at. Usually, a relevant topic is initially unknown or
hidden and will become explicit during the information retrieval
or learning process.
Information retrieval is always based on a model. The
following models have been used: In the set theoretic model, the
task is to find the documents where the occurrences of the
keywords match with those of the query given as a Boolean
expression. In the algebraic model, the documents whose vector
representations are closest to those of the query will be retrieved.
The probabilistic model is used for iterating the precision of an
IR task. In addition, the literature is aware of several hybrid models
(e.g., to allow queries based on concepts rather than keywords.)
Whatever the applied model is, it is important to keep in mind
that the applied model sets limitations to the flexibility of a
particular IR task.
The retrieval power of an IR system can be evaluated for
example by the precision and recall for given search tasks. Basically,
precision refers to the proportion of true matches among all
retrieved documents, and recall to the proportion of the found
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documents with respect to all relevant documents. Other
measures could also be utilised,(e.g., the currency of the retrieved
documents. Naturally, information that is already know is less
interesting than new or even surprising information, at least for
the learner!
The discussion of the concepts above is essential for the
current topic of the role of information retrieval in education,
because it, indeed, provides a framework for analysing how to
teach a technical concept (information retrieval methods and tools)
simultaneously with its application (information retrieval for a
particular purpose). However, we will not discuss these two topics
in an intertwined mode, but first deal with the applied content
and then discuss how the technical content could be taught.
Whether taught or learned as a part of an applied exercise
or independently as its own topic, the corresponding teachingstudying-learning process of information retrieval takes place in
the learning environment. A functional learning environment gives
learners access to learning materials, tools, guidance and social
interaction.

Teaching-Studying-Learning Process
A teaching-studying-learning process is a cybernetic process
guided by different forms of feedback. Uljens (1997) describes
the components of this process as:
- Goals, curriculum refinement
- Planning: Pre-conceptions, contents, timing, materials,…
- Teaching – studying – learning interaction
- Learning outcomes
- Evaluation: comparison with goals – feedback

This process operates within and between student, teacher,
institutional, national, and even global levels. For example, in
science teaching, the goals are broadly defined in the school
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curriculum. However, those must be analysed and specified for
specific courses and student groups. Goals not only include
comprehension of a number of scientific concepts but also skills
related to observing phenomena and performing experiments.
Planning should not only be based on the analysis of goals; it is
essential to observe students’ needs as well. In science teaching,
individual preconceptions of natural phenomena have to be
accounted for. Laboratory equipment, and the necessary
hardware and software have to be tested etc. These all are activated
in the interaction phase, where practical work, experimentation,
and data acquisition precede information processing and
interpretation. Interaction is multidirectional including teacher
student, student
student, student
nature, and other
dimensions. The learning outcomes in science education are
partly remembering factual information; however, the most
important outcomes are gains in higher-order thinking skills and
even the skills which involve practical work. The evaluation phase
involves comparing outcomes and the goals set in the planning
phase. The result of this comparison can guide further planning
and even in real time the interaction in different forms.

3. APPLIED CONTENTS: INFORMATION
RETRIEVAL FOR LEARNING
According to Baeza-Yates & Ribeiro-Neto (1999, p.263),
the stages of an information retrieval process are as follows:
1. Identify the information needs
2. Select the IR model and a corresponding search engine
3. Formulate the query
4. Run the engine
5. Evaluate the results
6. If needed, go back to step 1, 2, or 3
Post-process the results by visualisation or other means.

It is interesting to compare the phases of an information
retrieval process to those of a learning process. We show in Table
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2 the intrinsic similarities between these two processes. Both of
them are cybernetic processes with feedback mechanisms.
Information retrieval process (IR) and Teaching-studyinglearning process (TSL) aim at making concepts or phenomena
that are relevant but hidden (IR) or unlearned (TSL) explicitly
found (IR) or understood (TSL). Therefore, it is fairly
straightforward to integrate a search engine into a learning
environment. One application would be a search within one
website. Another application would be a focused search, where
the designers have pre-selected certain sites and/or keywords in
order to lead the search to a direction they wish. Many other
uses of educational technology, like intelligent tutoring systems
or most self-assessment tests, altogether lack any feedback
mechanism initiated by the user.

Ideation (IR1, IR3)
When studying the basic ideas of information retrieval,
students may benefit in several ways from using general ideation
techniques and practising creative problem solving. One
possibility for enhancing ideation is through the use of analogies.
The most natural way would be to use information retrieval on
the Internet analogous to information retrieval in informatics/
library science and data mining. One could ask e.g., how to find
information in a library? What kinds of files are available? Since
librarians are professionals in general problems of information
retrieval, how they could help? Are there any possibilities for
expert help in information retrieval problems?
Another example of the use of creative ideation might be
to draw a parallel between information retrieval and panning for
gold. One could ask: Do you need a specific information vs. a
piece of gold for a specific purpose, not just to get rich? How is
the task of finding a grain of gold in tons of sand like finding a
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Teaching-studying-learning process
(TSL)

To be selected within the search space
TSL1 Identification of goals,
(IR) or learning space (TSL)
refinement of curriculum
Sets the framework and conditions for
TSL2 Planning (pre-conceptions,
obtaining the search (IR) or learning
contents, timing, materials)
(TSL) goal
Flexibility and adaptability to the user’s
TSL3 Interaction
(IR) or learner’s (TSL) latent needs;
facilitates ideation and creativity
Makes the implicit information (IR) or
TSL4 Learning outcomes
learning (TSL) needs explicit
The framework should help the user
TSL5 Evaluating the outcomes by
(IR) or the learner (TSL) reflect on the
comparing them with the goals
relevance of the results or outcomes.
Ease of modifying the parameters of the TSL6 If needed, go back to TSL1,
process for the next iteration
TSL2, TSL3, or TSL4.
Visualisation and other cognitive tools
TSL7 Metacognitive processing
of the previous stages and the use
of the outcomes.

Critical factors

Table 2. Comparison of Information retrieval process (IR) and Teachingstudying-learning process (TSL)
Information retrieval process
(IR)
IR1 Identification of
information needs
IR2 Selection of the IR
model and engine
IR3 Query formulation

IR4 Running the IR engine
IR5 Evaluating and
interpreting the results
IR6 If needed, go back to
IR1, IR2, or IR3.
IR7 Post-process the
results. Implementation of
the information.
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specific piece of information in the Internet? Is the grain big
enough or can several grains be fused together? How does one
weigh the grains with true measures? How does one recognise
whether it is true gold or fools gold? How does one test the
quality? This analogy may create quite interesting discussions in
a group of students who are creating new ideas.

Evaluation (IR5)
The Zone of Proximal Development, (ZPD) is a Vygotskian
concept defining the distance between the actual development
level as determined through problem solving under adult
guidance or in collaboration with more capable peers, contrasted
with the Zone of Actual Development (ZAD) where a student
is unassisted (Vygotsky, 1978). Advocates of the Vygotskian
approach recommend new skills be learned in heterogeneous
groups where students can help each other and discussion can
lead concept formation forward. Scaffolding means helping the
student/learner to construct a firm cognitive structure to attach
IR results to. Deficient initial cognitive structure has to be
diagnosed. Every student has to construct his/her own cognitive
structure, nobody can receive it as given!
However, it is important that students are not left alone in
this process. Even search engines could offer more support to
learners (e.g., in the form of visualisation of search output). This
includes conceptual analysis as well as showing the interrelations
of found documents and their associations with other topics.
Other tools like a slide show (Google Viewer) or multiple ranks
help in arranging information in a more comprehensible way.
Even Google’s automatic colouring of the search keywords in
the accessed documents helps the user to analyse the content
better.
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Search engines could also offer checklists for evaluating IR
results, consisting of aspects like:
- Accurate vs. inaccurate
- Reliable vs. unreliable
- Up-to-date vs. outdated
- Partial vs. complete information
- Official vs private

Postprocessing (IR7)
Besides evaluation purposes, visualisation techniques are
useful for processing retrieved information (e.g. in the formation
of concept maps.) However, concept mapping can also be used
to build queries which consist of keywords and their mutual
relations which are found either in a single document or in the
total search results. Several concept mapping tools are even
available as free software. Postprocessing may even include
implementation of the retrieved information in problem solving
tasks etc. Quite often, far too little importance is attached to the
post-processing phase.

Information retrieval vs. learning objects
Most educational web-designers are familiar with the
concepts of metadata and learning objects. In spite of their
appearance as technically modern concepts, in essence, from the
view point of educational theory, they are rather outdated.
Basically, a learning object refers to an information element (piece
of text, graphics, video, or a small gadget like an interactive Flash
animation) which can be retrieved using a name tag, called
metadata, including details of its contents, and the creator etc.
The importance and possible roles of metadata have to be
analysed from the viewpoints of information providers as well
as information users. In addition, metadata may limit the field
of active use of learning objects.
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Currently, there are various metadata standards for
identifying a given learning element, including Dublin Core,
SCORM, and IMS (Meisalo et al., 2003, pp. 116-123). Because
of this principle, they provide the Web designer with a framework
(grid) to embed new elements which can be later searched through
data retrieval methods. From the learning process viewpoint,
this reminds one of a good old behaviourist’s heaven where an
appropriate element can be transferred to a student’s head by a
stimulus-response mechanism.
The concept of a learning object follows the data retrieval
metaphor and gives a user an efficient and objective access to the
required learning module. We could characterise the learningobject driven approach with the slogan course as a product.
The idea of learner-centred navigation follows the
information retrieval approach and gives a user a versatile tool
for discovering subjectively meaningful information. This
principle could be called course as a process.
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4. TECHNICAL CONTENTS: LEARNING OF
INFORMATION RETRIEVAL
The basic use of Web search engines is so simple that one
may argue that information retrieval training is not necessary.
However, a closer look reveals that training can dramatically
change a student’s capabilities to obtain new and relevant
information both during education and later in the working life.
Information retrieval is a practical metaskill for independent and
collaborative learning.
Information retrieval training has three focusi: how to define
the search purpose, how to select the right tools and search
conditions, and how to interpret the search results. The goal is
to lead a student along a path from supervised to unsupervised
information retrieval. In defining of the purpose of a search

THE POSSIBILITIES OF INFORMATION RETRIEVAL
541
students have to express what they actually mean. This process
is closely related to creative problem solving, thus having
knowledge of basic solving techniques helps. Sometimes a
focused index leads to better results than a general-purpose search
engine. Especially, when a student is not searching for details, an
edited Web directory may provide a better general view on the
topic. The quality of indexes is gradually improving, but they
may sometimes be somewhat outdated because updating is not
an automatic process.
A common problem related to Internet searches is that the
user gets too many results. Refining the search conditions can
often help. The more exact students define their search
conditions, the more selective their search result they get. For
refining results, one should know the general principles of search
engines and the query language of the search engine applied.
The use of Boolean operators such as OR, AND, NOT also
needs training. Brusilovsky (2002) reports that even CS students
have difficulties adopting them. The reason is that in conventional
programming, Boolean operators are applied to logical values
whereas Boolean operators are applied to sets in information
retrieval. In addition, the differences and limitations of search
engines should be explained.
When interpreting a search result, it is always a question of
coping with uncertainty. However, it is useful to know the
principles behind how the search engine sorts the resulting items
and how it presents each link. It should be emphasised that the
accuracy of search results can be computed only for a closed
system, not for the whole Web.
It is very difficult to estimate the recall of a Web search.
Therefore, it is ideal to practice information retrieval in a static
environment, like a CD-ROM dictionary, a library catalogue, or
a Web site made for this purpose. Then it is possible to exactly
know the search results, which makes it easier to prepare
assignments, which can be repeated with expected results.
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5. ADVANCED TOPICS
5.1 Educational opportunities
Information retrieval can enhance or extend several
traditional methods applied in education, like portfolios or
creative problem solving. An intelligent portfolio (Karjunen et al.,
2000) allows its authors to locate useful information based on
their own profiles as expressed in the documents within the
portfolio. The feature is useful also in study counselling and in
job hunting.
Creative problem solving creates new opportunities for learners
when it is aided by information retrieval (e.g., in the idea
generation phase presented in Sutinen & Tarhio, 2001).

5.2 Technical solutions
A metasearch engine (Repman & Carlson, 1999) does not crawl
the Web in order to maintain a huge database of Web pages like
conventional search engines, but it forwards a search request to
several search engines and shows a combination of their search
results. This opens possibilities to get slightly better search results
than any actual search engine can provide. Metasearch engines
often eliminate or reduce duplicate links in the combined search
result and may even check whether or not links are active. There
are also search tools that forward a request to only one search
engine at a time. However, they cannot be considered as real
metasearch engines.
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Currently there are around 15 working metasearch engines,
e.g. MetaCrawler (www.metacrawler.com), Vivisimo (vivisimo.com),
Copernic (www.copernic.com), and Dogpile (www.dogpile.com).
Some of them are, however, similar in principle but the number
as well as the variety is obviously growing.
Metasearch, which can alternatively be called parallel or
multiple search, covers more of the Web than any single search
engine. Because the search engines update their databases
according to various schedules, metasearch is able to find a new
page earlier than a single search engine. It is also easier to use
only one engine than to use five of them.
Vivisimo (vivisimo.com) has an advanced document
clustering system, which divides the search results into several
clusters. The user may pick any cluster for viewing. Also several
other search engines have light clustering features which typically
provide a list of keywords for limiting the range of search.
The response time of a metasearch engine is slower on the
average than that of an ordinary search engine because of the
two-phase query. However, this difference is often negligible for
the normal user. Another positive feature of metasearch is that
service breaks of a single search engine do not disturb metasearch.
A drawback of metasearch is the inconsistency of search
results. Even two identical queries to the same engine may give
different results because the metasearch engine waits for a reply
only for a limited time (Barker 2003). Another drawback is
connected with advertisements; paid listings of an original search
engine may appear as regular matches in metasearch. According
to many surveys, users of search engines are sensitive with
commercial material. This is one of the key reasons for the
success of Google.
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Because it is fairly straightforward to implement a
metasearch engine of your own (Calishain & Dornfest, 2003),
we believe that new metasearch engines will be introduced in
the near future. Sponsoring a metasearch engine is a cheap way
of advertising for commercial companies. New approaches to
sorting the search results are likely to appear. A promising
approach would be to require users to maintain a portfolio of
their interests and let the search engine sort the items according
to this portfolio. The next step would be to let the search engine
maintain this profile.
Presentation is important in the analysis of search results.
Unfortunately, the present state of visualisation of search results
is very poor because by default all general-purpose search engines
show results in the form of a list. There are several alternative
visualisations like concept maps (Gaines & Shaw, 1994), tree maps
(Turo & Johnson, 1992), and fisheyes (Furnas, 1986), but none
of them has received wide acceptance. AltaVista (altavista.com)
offered concept maps as an alternative form in the end of 1990’s,
but this feature has been withdrawn for commercial reasons.
There is obviously room for new visualisations.
Many people think that the Semantic Web (Berners-Lee et
al., 2001) will start a new era in information retrieval. The key
idea is to add categorisation information to each Web page, and
let the search engine use this information. The aim is to define
categories precisely and present the definitions in a hierarchical
form computers are able to process. Based on the categories of
a page and on their definitions, computers can infer new things
related with that page. The current search engines operate only
on words or strings. The Semantic Web makes it possible to
conduct much more precise searches because a search engine is
able to “understand” the meaning of a page.
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5.3 Pedagogically undesirable uses of IR
The use of digital materials too often reflects two extremes
of pedagogical thinking. Strict behaviourists are claimed to see
learning as a process where knowledge is poured from a teacher’s
head to a student’s head as efficiently as possible. Extreme
constructivists see learning as a process that needs only limited
interaction with the teacher. In the context of digital materials,
the behaviourist interpretation leads to linear packages where
students have scarcely any possibilities to follow the paths of
their interest. In the latter case, it is enough to have an Internet
connection and a search engine like Google. Students are free to
find out for themselves about concepts and the relations between
concepts in the ocean of information.
Actually, it is not surprising that the systems following these
extremes dominate educational technology. It is straightforward
to produce pedagogical “pipe” materials. They can be even copied
easily from a book. With materials of this kind it is easy to
promote standardised learning outcomes which are emphasised
in countries such as the U.S.A. Free surfing of the Web does not
require anything from the teacher other than selecting a theme.
Students can use most of the time with search engines.
Both pipe materials and learning based on free surfing
expose threats. Pipe materials lead to one-sided and impersonal
learning outcomes, and they do not expect the student to be
creative. Pipe materials do not even aim at questioning or
pondering the subject matter.
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Completely open surfing leads to thousands of pages,
which have a loose connection to the theme. In practice, it is
very difficult to evaluate the relevance of this amount of found
links. Moreover, the student hardly has time to analyse and
compare the sources retrieved. Therefore, surfing often leads
to mechanical translation or copying of the materials without
real understanding. Furthermore, the reliability of Internet
materials is often questionable.
The balance between the two extremes can be found in
the concept of the jagged study zone (Gerdt et al., 2002). It
combines the best features of predominantly closed and open
learning. In the case of information retrieval, the study process
needs to maintain its initial excitement and nature of adventure
yet be supported by a constructive mechanism for the evaluation
of results.
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5.4 Ethical issues
Using information retrieval methods in education also
implies several problems. The boundary between public and private
information is often unclear. The Interests of experts, teachers,
students, general public, and criminals on a certain topic might
overlap and cause dramatic consequences. For an extensive review
of these topics see Meisalo et al. (2003, 194-216).
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6. CONCLUDING REMARKS
The intrinsic similarity of information retrieval and the
teaching-studying-learning process, as shown in this paper,
indicates that both processes could learn from each other. First,
learning processes could make more use of interactive IR
applications and tools instead of investing primarily on learning
materials. Secondly, the important feedback mechanism of
information retrieval systems could apply ideas from the extensive
field of analysing, evaluating, assessing, and grading learning
outcomes. This requires more attention to areas like visualisation
and creative problem solving.
Information retrieval education is a crucial field in
educational informatics. Because of the natural use of IR in
education, it could serve as a prototype for the research and
development of other educational applications. This means that
conceptual analysis should be continued to create a sharper
and more functional definition of educational informatics.
The analysis suggests also that IR research could provide
the learning community with more advanced tools which expand
and intensify the learning process; however, the use of these
tools requires training. The readers of this paper are asked to
reflect on this paper in the light of their personal experiences
and plans and to bring those ideas into the realm of discussion,
including those comments with a primarily ethical dimension.
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collaborative learning about buoyancy
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ABSTRACT
The study investigated the influence of collaborative exploratory and
expressive modelling in the synchronous environment CVW on the
development of students’ understanding of buoyancy. The exploratory
environment provided learners with virtual investigation of conceptual model;
the expressive environment offered designing opportunity on a whiteboard
tool. 87 basic school students from the grades of 8-9 worked in the groups
of 3-7 learners. The changes in the structure of students’ problem
representations in pre- and post-essays were analyzed in the perspective of
connectedness of elements in ‘object-object’, ‘process-object’, and ‘processprocess’ relationships, considering the correctness, and the macroscopic,
microscopic and symbolic levels of explanation. In two experimental settings
the quantitative shift within the structure of mental model components was
compared, and the theoretical tendency of how mental models become
structurally and qualitatively more complex was elaborated.

Key Words: scientific representation, designing, models, collaborative learning
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1. INTRODUCTION
This study discusses the activities of expressive modelling
about buoyancy and working with inquiry buoyancy model in
the collaborative network-based environment. We aimed to
investigate the structural and qualitative changes in students’
mental models due to learning with exploratory and expressive
tools that promote ‘scientific if-then’ and ‘model-based’ type of
reasoning. In two experimental settings the quantitative shift
within the structure of mental model components was compared,
and the theoretical tendency of how mental models become
structurally and qualitatively more complex was elaborated.

1.1. Relating real world experiences with conceptual models
It has been argued that many students do not acquire the
fundamental relations between perceivable events and the
concepts in physics domains (Vince & Tiberghien, 2002). In
everyday life people operate with simplified mental models which,
most of all, activate the perceivable characteristics of the objects
and events. Thus, their everyday explanations of the phenomena
lack the depth to relate adequately their visible, tangible and
audible experiences with those relationships and processes that
take place at molecular level, or which can only be described by
abstract means. Scientists, teachers and other professionals, on
the opposite, operate mainly with scientific representations –
conceptual models, which facilitate the comprehension or the
teaching of systems or states of affairs in the world (Greca &
Moreira, 2000) and enable them to test various hypotheses. Being
highly abstract and often expressed by symbolic means, many
conceptual models give few possibilities for the learners to build
relationships between the scientific representations (definitions,
formula) and the real world experiences.
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Establishing relevant relations between the observable
objects and events and the abstract models of physics is a difficult
task during which the learners have to establish links between
the different semiotic registers corresponding to everyday and
abstract levels of the concepts in order to construct the meaning
of concepts (Vince & Tiberghien, 2002). In classroom teaching
environment the experimenting with real objects and observing
the phenomena is often separated from operating with the
abstract conceptual models, which are related to reading from
books and making notes. The practical experimenting with visible
objects and the abstract modelling about the observed
phenomena can be united under one environment in computerbased learning, where experiments at different levels of
abstraction can be simulated.

1.2. Exploratory and expressive computer-based learning
environments
Throughout the history of science modelling and modelbased reasoning have proved to be effective ways of developing
new theories (Yu, 2002). Another well-known usage of models
in science has been inquiry, where the functioning or the structure
of systems can be studied by applying the simplified system
models. Derived from the activities of scientists, science teaching
has aimed to increase students’ ability of explaining real world
experiences through the use of conceptual models or by designing
scientific models. Both of these modes of learning can also be
performed in the computer-based environments, which have been
differed in terms of their modelling capabilities as exploratory
or expressive (Chalk, 2000; Jimoyiannis & Komis, 2001).
Working with exploratory environments, such as simulations,
students can study the effects of changing variable values on the
model. By means of manipulating the model, they can obtain
the direct feeling for the underlying structure of the represented
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content that is often hard to achieve with conceptual reasoning
alone (Cheng, 1993). Conceptual models serve as external
representations for making interferences, finding characteristics,
and structuring the problem solving (Reinhard et al., 1997).
Exploratory type of learning, applied while investigating the
phenomena with the inquiry model, supports step-by-step
approaches for knowledge building and ‘scientific if-then’ type
of reasoning.
The shared expressive modelling tools, like argument graphs,
mind-maps, etc., on whiteboards, on the other hand, enhance
learning through designing – the activities of arranging elements
to form systems in order to produce knowledge artefacts (Roth,
2001). By representing knowledge about the phenomena in the
format of visual design structures, the latter can serve as anchors
for grounding unclear matters. Instead of the traditional
perspective of designing, which requires that the learners should
have obtained all the principles of science before actually being
engaged in design activity, this type of learning views designing
as a social process in which rational knowledge serves as one of
the resources, but is secondary in importance to the norms and
practices in a particular community (Roth, 2001). Designing
involves reasoning where the whole design structure is constantly
revised as an integrated whole.
In the context of scientific practice, the development of
personal understanding should be assisted by activities in which
communication about scientific concepts and their interrelationships is integral (Sizmur & Osborne, 1997). Therefore,
the modelling environments should be integrated with
collaborative learning facilities. When learners apply ‘if-then type
of reasoning’ or ‘model-based reasoning’, while modelling in
different settings, the verbal grounding will be, supposedly,
reflecting these, different type of reasoning processes. Verbal
and visual representation activity, as a whole, can influence how
the learners’ knowledge structures will be activated and what the
result of learning is.
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1.3. The representation processes and the nature of
representations
The representation process of phenomena takes place both
in internal and external mode. Internal representations are in
the mind as propositions, mental images; external representations
are in the world as physical symbols (e.g. formulas, equations
etc.) or as external rules, constraints, or relations embedded in
physical configurations (Zhang, 1991). Johnson-Laird (1989) has
proposed that whenever people understand a phenomenon, they
have to create a mental representation of it in short-term memory
that is like a working model. The main role of a mental model is
to allow its builder to explain and make predictions about the
physical system represented by it (Greca & Moreira, 2000). The
sources of mental models are observation (aided by knowledge),
other people’s explanations, and our ability to construct models
for ourselves either from a set of basic components or from
analogous models we already possess (Johnson-Laird, 1989).
From mental representations of phenomena people construct
external representations – they express what they have
understood by giving narrative explanations or by designing
material artefacts, visual images and models. Any external
representation can be based on predictions or it may reside upon
theoretical knowledge. In order to study the changes in the
structure of internal representations, the external representations
must be analysed.
The elements by which a problem situation can be explained
in internal and external representations are objects or processes
in systems, and the structural relationships between these (Jonassen, 1995). The objects and processes are concepts or nodes,
and the relationships are links or verbs that state the nature of
the relationship between entities. By combining the ‘object’ and
‘process’ entities, the relations can be formed between two objects
or two processes, and between a process and an object. Each of
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these relationships enables to describe the problem situation
scientifically with different extent of complexity. These nodelink combinations form networks of relationships that describe
the domain of knowledge represented by a mental model (Jonassen, 1995).
Models can also be expressed at different levels of
formalization and abstraction. One of the frameworks originally
proposed for chemistry describes the stages of understanding
science at macroscopic, microscopic and symbolic levels (Johnstone, 1991). The macroscopic level is sensory and deals with
tangible and visible objects and phenomena with their properties;
the microscopic level involves objects and processes at the
particulate level by using scientific narrative explanations; the
symbolic level represents objects and processes in terms of formula and equations. For giving profound explanations of
scientific phenomena, the different combinations of relationships
between the problem representation’ elements should be
explained by macroscopic, microscopic and symbolic means (Pata
& Sarapuu, 2003a). One of the characteristics of the
representations is also their theoretical correctness. Supposedly
the structure of mental representations becomes more complex
due to learning – changes will appear in the way by which people
relate elements in mental models, which ways of representation
they use, and how correct are these combinations from the
theoretical viewpoint.
Considering the situated nature of mental representations,
learning in exploratory or expressive mode can influence the
structure and quality of students’ mental models. Residing on
this consideration, the study aimed to investigate how the
structure and quality of mental models about the phenomenon
of buoyancy change due to learning in collaborative expressive
or exploratory modelling settings. We also sought to clarify, which
the theoretical developmental sequence is, in representing the
components of mental models.
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2. METHODS
2.1. Participants
87 Estonian basic school students from the grades of 8-9
were divided randomly into the groups of 3-7 learners. They
worked in the collaborative learning environment Collaborative
Virtual Workplace (CVW) where 44 students used the simulation
model and 43 worked with the visual problem representation on
a whiteboard. The activity was supported by an online-tutor.

2.2. Experimental design
The tasks presented to the students consisted of individual
and collaborative activities. First, the students had to write a short
essay about the problem “What happens to toy-cubes thrown into bathwater?” Similar essay question “What happens to objects thrown into
water?” was repeated after the collaborative activity.
The collaborative activity started from logging into the
synchronous environment where students were introduced
through the everyday situation with the topic about washing toycubes. Discussions were divided into hypothetico-predictive and
conceptual-modelling phases. At the beginning of hypotheticopredictive reasoning students were asked to explain why objects
behaved differently in water and what caused it. The aim of this
type of reasoning was to prompt the students to express their
first hypothetical conceptions that were supposed to be explained
to each other and from which the most relevant ones could be
selected as team decisions. Hypothetico-predictive reasoning is
an important thinking skill enhancing problem-solving,
stimulating peer-group discussion and logical argumentation,
increasing students’ motivation, revealing prior knowledge,
making students aware that a variety of opinions are held by
peers and facilitating conceptual change (Lavoie, 1999).
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Before the second part of the discussion started, a short
overview of theoretical background about buoyancy was
presented on a web page and the students had to work
collaboratively with expressive or exploratory tools in order to
reformulate their decisions.
The groups that worked in expressive learning environment
had to use a whiteboard with the background image of ‘Toycubes’ in order to model their problem representation (see Figure
1). The texts and arrows could be collaboratively added to the
template, and the meaning of these was to be explained in chat
mode. The groups that worked in exploratory environment had
to apply the analogy principle by using the web-based model
“Buoyancy” (http://mudelid.5dvision.ee/yleslyke/). Each student
had to study the model individually, but the discussions in chat
room were held parallel to it in order to explain how the model
described the situation with toy-cubes. After individual testing
and collaborative discussions the teams had to formulate a written
decision about the problem.
The conceptual model “Buoyancy” (see Figure 1) visualised
the phenomenon from the macroscopic and symbolic aspects.
It was possible to test objects’ floating by changing the physical
parameters of the object and the liquid. During the activity the
functioning of the model followed the sequence of: i) relating
the object with its properties (mass, volume), ii) calculating the
amount of two forces, gravity and buoyancy that related the object
with the processes and, iii) comparing the effect of gravity and
buoyancy that activated the process-process relationships and
explained why the object was floating, sinking or hovering. It
was supposed that by following these sequential steps on the
model students’ mental model elements will be activated from
lower levels of complexity towards higher ones and they will be
able to construct a more relevant problem representation.
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Figure 1. The template image in expressive learning environment (left)
and the exploratory model “Buoyancy”(right).
In order to scaffold collaborative representation and design tasks in synchronous mode, verbal tutoring was performed
in chat room according to the tutoring script that comprised
both the instructions of meta-communicative and conceptual
domains (Pata & Sarapuu, 2003b; 2003a).
The students’ individual pre- and post-essays were used in
order to compare the changes in verbal problem-representation
structures before and after modelling activity. All the essays were
transcribed and separated to phrases that formed the corpora
for analysis (Nbefore=404; Nafter=303). Each phrase was categorised
according to the relationship between the elements that it
represented into: ‘object-object’, ‘process-object’ and ‘processprocess’ relationships. Besides structural categorization the two
types of quality characteristics were assessed. Each phrase could
be explained at the macroscopic, microscopic and symbolic levels
of explanation. The phrases could be wrong, partly correct or
correct from the contextual and theoretical viewpoint. The
combination of explanation level and correctness formed the
categories (see Table 1) by which each phrase could be evaluated.
One researcher evaluated all the phrases, the inter-rater
reliability was found by categorizing separately 100 phrases by
another person, the Cohen Kappa > 0.7. The Cross-tabulation
and Chi-square analysis with SPSS 10 software were carried out
for investigating the changes in the set of phrases in pre- and
post-essays.
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Table 1. Examples of phrase categories.
Phrase
structure Correctness
Object- Wrong
object
Partly correct

Correct

Process- Wrong
object
Partly correct

Correct

Process- Wrong
process

Partly correct

Correct

Reasoning level
Macroscopic Microscopic
It depends on The denser the
how heavy are object is…
toy-cubes’
The toy-cubes Other objects
made of wood have bigger
density
are heavier
The toy-cubes
Similar toyhave different
cubes may
have different density
weight
The toy-cubes
Heavier toythat are less
cubes sink
dense float
If the toys are The objects of
medium density
hollow, they
hover
float
If to press the If objects’
density is bigger
wooden toycube under the than the density
water, it comes of water, they
sink
back to the
surface
If buoyancy
force is bigger
than gravity
force, the object
hovers
The gravity force
is bigger for
sinking objects
If buoyancy
force is equal
with the gravity
force, the object
hovers
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Symbolic
-

-

-

Vobject=Vliquid
[the object
hovers]
-

ρwater=ρobject
[the object
hovers]

Fgravity>Fbuoyancy
[the object
floats]

F>Fbuoyancy
[the object
sinks]
Fgravity=Fbuoyancy
[the object
hovers]
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3. RESULTS
It was sought to clarify which the theoretical developmental
sequence is in representing the components of mental models
when solving the problem of buoyancy. The results indicated
that collaborative activity changed significantly students’
understanding of floatation in the categories of ‘object-object’
(χ2= 29.41, df=5, p<0.001), ‘process-object’ (χ2= 96.58, df=7,
p<0.001) and ‘process-process’ (χ2= 37.27, df=4, p<0.001)
phrases.
It appeared that there was a certain hierarchical sequence
by which the ability to construct problem representation models
developed (see Figure 2). Before collaborative modelling, mainly
the correct ‘object-object’ and ‘process-object’ relationships
prevailed at the macroscopic and microscopic level and the
processes were explained through other processes only by
microscopic level phrases. Also, there were numerous wrong or
partly correct macroscopic and microscopic level explanations.
After the activity the biggest changes appeared in the decreasing
amount of wrong and partly wrong macroscopic ‘object-object’
and ‘process-object’ phrases, practically no macroscopic level
correct explanations were used for the ‘process-object’ category,
and no ‘process-process’ phrases appeared at this level. The
increase tendency with all the types of relationships appeared in
the number of correct microscopic explanations, whereas the
usage of wrong and partly correct ones decreased. A significant
number of correct ‘process-process’ phrases emerged, describing
the floatation by symbolic equations, and few students explained
the ‘process-object’ relationships also by symbolic means.
It was also investigated how the structure and quality of
mental models about the phenomenon of buoyancy changed
due to learning in collaborative expressive or exploratory
modelling settings.
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Figure 2. The distribution of phrases in problem representation before
(above) and after (below) the modelling activity
(O-O – ‘object-object’, O-P – ‘process-object’ and P-P – ‘process-process’
relationships; - wrong, +/- partly correct, + correct phrases).
The distribution of ‘object-object’ relationship phrases was
similar both after exploratory and expressive learning (see Figure
3). Slightly more wrong macroscopic interpretations appeared
in the post-essays of students who had used the model. The
students who had worked on the whiteboard were more often
mistaken in microscopic level relationships of objects.
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Figure 3. ‘Object-object’ relationships on problem representations after
working in expressive and exploratory mode.
The significant (χ2= 13.98, df=6, p<0.03) difference
appeared in the usage of ‘process-object’ relationships (see Figure
4). The students who worked on whiteboard used significantly
more often partly correct, and less frequently the correct
microscopic level phrases, than did the students who worked
with the model. The usage of correct microscopic level phrases
appeared to be higher in the exploratory modelling setting. The
students from the model groups did not use symbolic level
expressions, whereas the students who composed the model on
whiteboard used both wrong and correct symbols. In both
environments mainly the correct microscopic and symbolic level
explanations for ‘process-process’ relationships were used (see
Figure 5). The tendency appeared that students, who had worked
on whiteboard, expressed more symbolic level phrases than did
the students who had used the model. The opposite tendency
appeared in the modelling setting that enhanced the microscopic
level expressions.
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Figure 4. ‘Process-object’ relationships on problem representations after
working in expressive or exploratory mode.
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Figure 5. ‘Process-process’ relationships on problem representations after
working in expressive or exploratory mode.

4. DISCUSSION
From the analysis of results several tendencies could be
deduced about the changes in problem representation structure
and quality due to using different types of collaborative modelling
settings. It was found that in general, learning changed the
representational structures – the macroscopic level descriptions,
related to the categories, which involved ‘objects’, decreased and
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the students started to use microscopic level descriptions. Both
in the pre- and post-essays the relationships between ‘processes’
were described at higher reasoning level than the relationships
that involved ‘objects’. The tendency to use symbolic level
descriptions was related mainly to the ‘process-process’
relationships and less to those where ‘objects’ were described. It
remained unproven if these tendencies were purely related to
the problem of buoyancy, or if they revealed a common way to
represent problems in physics subject, or if it could be a more
general tendency, applicable on different subjects. For example,
Borges (1996) has described similar post-learning trends of
representing more refined mental models of electricity,
magnetism and electromagnetism with increased number of
entities and more abstract relations among them, when students
were explaining processes and events occurring in a given domain.
It appeared that the three types of relationships in mental
models of the problem of buoyancy – ‘object-object’, ‘processobject’, and ‘process-process’ connections – could be
characterised by the rising complexity of representation in terms
of reasoning level, correctness and the structural components.
Similarly to the studies, which found that novices were inclined
toward materialistic, substance-based conceptions (Reiner et al.,
2000) and surface features of the problem (Slotta et al., 1995)
the ‘object-object’ relationships appeared to be more common
to the learners with less conceptual knowledge. The tendency to
explain the phenomenon through ‘processes’ increased after
modelling. Macroscopic reasoning level was used with
relationships where ‘objects’ were involved, and not with
‘processes’, symbolic level appeared to be more common when
characterising ‘processes’. The correctness of relationships
increased with the usage of ‘processes’ as part of explanations.
Welzel & Aufschnaiter (1997) and Aufschnaiter & Aufschnaiter
(2003) in their studies about situated cognition have also shown
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the increasing levels of complexity of successions of ideas that
will start from acting with objects and their properties and is
gradually moving towards constructing events from these, which
could be connected into larger programs, principles and systems
when the students’ ideas about the phenomena get more complex.
It was found that the students, who studied in the expressive
modelling setting, expressed quantitatively more often the
symbolic level phrases, which involved ‘processes’ than did the
students who worked with the exploratory model. The students,
who used the model, used quantitatively more extensively and
correctly the microscopic level phrases related to ‘processes’ than
performed their peers from the expressive modelling setting. The
difference in the structure of representations after expressive
and exploratory modelling could be explained by the nature of
the activity – two different types of explanations, ‘model-based’
or ‘if-then’ reasoning, were applied in teams. When completing
the template model on whiteboard, the students got conceptual
information about the symbolic level by reading the supplementary
web material. It presented figures where the symbols of forces
were related with analogical images of toy-cubes. This
relationship was easily transferable to the shared model on the
whiteboard and students were often operating mainly in visual
representation mode, without explaining to each other the
meanings of used symbols verbally. In post essays, when
reproducing the previous visual model, they appeared to have
some flaws especially in describing ‘process-object’ relationships.
While working on the conceptual model ‘Buoyancy’, the students
performed the testing phase individually, and had, therefore, more
reasons to explain the situation verbally to each other. Later,
when composing the post-essays, they appeared to be more able
to reconstruct the situation in verbal, microscopic mode, and
used fewer symbols than the modelling group.
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To conclude, both the collaborative activities – scientific
representation and inquiry with models – appeared to develop
the students’ understanding of buoyancy towards abstract and
formalized explanations. Different type of modelling had some
influence on the structure of students’ problem representations,
but the in-detail analysis of discussions is necessary to prove
what this difference was caused by. The main value of the study
appears to be the formulation of general tendencies how the
mental models become more complex. These considerations
should be used while composing conceptual models and teaching
methodologies that involve scientific modelling.
566

6. ACKNOWLEDGEMENTS
This research was supported by the ESF grant 5996 and
MER funding 0182542s03. Kristjan Adojaan is acknowledged
for programming the model.

SCIENTIFIC REPRESENTATION AND DESIGN

567

REFERENCES
Aufschnaiter, C. & Aufschnaiter, S. (2003). Theoretical framework and
empirical evidence of students’ cognitive processes in three
dimensions of content, complexity and time. Journal of Research in
Science Teaching, 40, 7, 616-648.
Borges, A. (1996). Mental models of electromagnetism. Ph.D. thesis, The
University of Reading.
Chalk, P. (2000). Assessing students’ learning when using software
engineering webworlds’, In Proceedings of the 1st LTSN-ICS Annual
Conference (pp. 67-73), 23rd-25th August, Heriot-Watt University,
Edinburgh.
Cheng, P. C. - H. (1993). Multiple interactive structural representations
systems for education. In R. Cox, M. Petre, P. Brna & J. Lee (Eds.),
Proceedings of the workshop on graphical representations, reasoning and
communication (pp. 25-28). World Conference on Artificial
Intelligence in Education 23rd - 27th August 1993, Edinburgh,
Scotland.
Greca, I. & Moreira, M. A. (2000). Mental models, conceptual models, and
modeling. International Journal of Science Education, 22, 1, 1-11.
Jimoyiannis, A. & Komis, V. (2001). Computer simulations in physics
teaching and learning: a case study on students’ understanding of
trajectory motion. Computers & Education, 36, 2, 183-204.
Johnson-Laird, P. N. (1989). Mental models. In M. I. Posner (Ed.),
Foundations of Cognitive Science (pp. 469-499). London, England: A
Bradford Book.
Johnstone, A. H. (1991). Why is science difficult to learn? Things are
seldom what they seem. Journal of Computer Assisted Learning, 7, 7583.
Jonassen, D. (1995). Operationalizing mental models: Strategies for
assessing mental models to support meaningful learning and
design-supportive learning environments. In J. L. Schnase & E. L.
Cunnius, (Eds.), Proceedings of CSCL’95 (pp. 182-186). Mahwah, NJ:
Lawrence Erlbaum Associates.

568

KAI PATA, ARLE PUUSEPP, TAGO SARAPUU

Lavoie, D. R. (1999). Effects of emphasizing hypothetico-predictive
reasoning within the science learning cycle on high school student’s
process skills and conceptual understandings in biology, Journal of
Research in Science Teaching, 36, 10, 1127-1147.
Pata, K., Sarapuu, T. (2003a). Framework for scaffolding the development of
problem representations by collaborative design. In B. Wasson, S.
Ludvigsen & U. Hoppe (Eds.), Designing for Change in Networked
Learning Environments. Proceedings of CSCL’ 2003 Conference (pp.189198). Dordrecht: Kluwer Academic Publishers.
Pata, K., Sarapuu, T. (2003b). Meta-communicative regulation patterns of
expressive modelling on whiteboard tool. In Proceedings of eLearn
2003’ (pp.1126-1130), Phoenix, Arizona, USA, November 7 th-11 th,
2003.
Reiner, M., Slotta, J., Chi, M., Resnick, L. (2000). Naive physics reasoning: a
commitment to substance-based conceptions. Cognition and
Instruction, 18, 1-34.
Reinhard, P., Hesse, F. W., Hron, A. & Picard, E. (1997). Manipulable
graphics for computer-supported problem solving. Journal of
Computer Assisted Learning, 13, 148-162.
Roth, W. M. (2001). Modelling design as situated and distributed process.
Learning and Instruction, 11, 211-239.
Sizmur, S. & Osborne, J. (1997). Learning processes and collaborative
concept mapping. International Journal of Science Education, 19, 10,
1117-1135.
Slotta, J. D., Chi, M. T. H., Joram, E. (1995). Assessing students’
misclassifications of physics concepts: An ontological basis for
conceptual change. Cognition and Instruction, 13, 373-400.
Vince, J. & Tiberghien, A. (2002). Modeling in teaching and learning
elementary physics. In P. Brna & M. Baker & K. Stenning & A.
Tiberghien (Eds.), The role of communication in learning to model (pp. 4967). London: Lawrence Erlbaum Associates.

SCIENTIFIC REPRESENTATION AND DESIGN

569

Welzel, M. & Aufschnaiter, S. (1997). The emergence of understandings of
electricity: Increasing complexity of discursive and material actions.
Paper presented at the 1997 NARST Conference, March 21st-24th, Chicago.
Yu, Q. (2002). Model-based reasoning and similarity in the world. In L.
Magnani & N. Nersessian (Eds.), Model-Based reasoning. Science,
Technology, Values (pp. 275-286). NY: Kluwer Academic/Plenum
Publishers.
Zhang, J. (1991). The interaction of internal and external representations in a
problem solving task. In Proceedings of the 13th Annual Conference of
Cognitive Science Society (pp. 954-958). Hillsdale, NJ: Lawrence
Erlbaum Associates.

The Development of Students’ Mental
Models About Genetics by Learning
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ABSTRACT
The current study investigated the development of 53 students’ mental models
about the genetic problem while working with exploratory and expressive
tools in synchronous network-based environment. The structure of mental
models was analysed from the perspective of Systems Theory. Five hierarchical
categories of problem representations, reflecting the mental models, were
found by considering the elements (objects and processes with their
properties), the level of reasoning (concrete and abstract) and the
connectedness of elements between or within the levels. Learning both in
exploratory and experimental settings was registered as the shift towards more
complex stages of problem representations. The effects of different reasoning,
applied in these learning environments, could be observed as divergent
development of problem representations within hierarchical categories.

Key Words: problem representation, synchronous expressive and exploratory
modelling
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1. INTRODUCTION
The common method of analyzing the effects of learning
is by indicating to the quantitative changes in learners’ knowledge
and skills, however, the actual events that change learners’ way
of thinking, become evident by investigating the learning
processes at micro-level. This paper studies the qualitative
changes taking place in students’ individual mental models while
working with exploratory and expressive tools in synchronous
network-based environment. It attempts to analyze the structure
of students’ verbal representations of the genetics problem in
pre- and post-learning conditions. In addition, students’ reasoning
while modelling is under investigation. The study is part of the
larger project of visualization in science that seeks the cognitive
information processing patterns of different types of modelling
activities and their effects on students’ conceptual understandings
in biology, chemistry and physics.

1.1. Constructing mental models of problems
The approaches to mental models suggest that these are
mental simulations of the real problem situations, which are of
dynamic nature and are changing as a result of running the model
(Gentner & Gentner, 1983; Banks & Millward, 2000). Once
constructed, the mental models or internal problem representations
can be used as a basis for further reasoning and problem solving.
The changes in mental models can be followed by the persons’
verbal and visual external representations. These can be defined
as states of the physical world deliberately created as a part of
cognitive process, rather than for pragmatic ends (Zhang &
Norman, 1994).
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The process of forming representations starts in short-term
memory where the knowledge structures that are stored in longterm memory are activated in the situational context, and next
this mental model is represented visually or verbally. Derry (1996)
describes it as the process of mapping the active memory objects
onto components of real world phenomenon, then reorganising
and connecting these objects so, that they together form a model
of the whole situation. By using different types of learning
environments, students will be engaged to different types of
reasoning activities. This, verbal and visual representation process,
has a certain sequence and structure that may also have an
influence on the development of mental models.
In terms of their representational capabilities learning
environments can be categorised as exploratory or expressive
(Chalk, 2000). Working with exploratory environments such as
simulations, the students can study the effects of changing
variable values of the model, which supports scientific reasoning
and step-by-step approaches to investigate the phenomena. While
performing scientific reasoning, students’ mental model is formed
and run as the set of sequentially operated if-then rules and may
have a puzzle-like nature. The expressive modelling tools like
argument graphs, mind-maps, etc. on whiteboards, on the other
hand, enhance learning through composing or explaining
integrated models that involves model-based reasoning.
Differently from scientific reasoning, models are like guesses
integrated into a whole, and cause and effect mechanisms are
found by modification and perfection of the entire model (Yu,
2002). It may be expected that the learning tasks in expressive or
exploratory settings would influence differently the construction
of conceptual understandings and the structure of students’
mental models.

THE DEVELOPMENT OF STUDENTS’ MENTAL MODELS

573

1.2. The elements and relationships of problem representations
The development of mental models of any problem
situation can be seen from the perspective of the theory of
construction of functional systems of human brain (Vygotsky,
1994). It assumes that exhaustive explanations of a phenomenon
can be reached only if the components of the mental system;
second, how those components are related to each other; and
third, from where and how the system emerged, i.e., how it
developed, have been described. Pata & Sarapuu (2003) have
suggested that the students’ problem representations should be
built in two dimensions – by recognising the “objects” and
“events” categories with their causal relationships, and by
distinguishing the “objects’ properties before and after the event”
and the “event’s properties during the event” at different
simultaneous reasoning levels.
While constructing external representations of problems,
students can express themselves on everyday reasoning level by
describing entities with analogous pictures or narratives, or they
can refer to them by using scientific terminology and symbols.
If applying the functional systems’ approach, the necessity to
perform reasoning simultaneously at different levels, relating
concrete sensory perceived objects and events to those that can
be described mainly by abstract means (scientific narratives or
symbols), becomes evident. In several studies, students’ various
problems of understanding the phenomena at different levels
of emergence, e.g. “thinking in levels” (Wilensky & Resnick, 1999)
or “constraint-based events” (Chi, 1997), have been described.
These levels of emergence can be represented in mental models
by using either concrete or abstract terminology. The overall
understanding of the phenomenon is achieved only if one is
capable of connecting the entities that are related to the concrete
and abstract levels of emergence. Part of the ability to compose
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valid problem representation models is, thereby, the ability of
thinking simultaneously at different levels of the functional
system. To conclude, if building the mental models of problem
situations, people need not only to observe objects and events
and causal relationships that change the system components at
different time-scales, but they must also relate the objects and
events at different functional levels of the system by recording
their structural relationships as well, in order to be able to explain
the phenomena.
It may be possible to observe different stages of
representations of the problem in the domain. One may explain
the problem only at perceived sensory level by concrete
terminology, which might not give the full explanation of what
is happening. The other option is to represent the problem only
by abstract means, which may show the in-depth understanding
of the situation, but it might also be related to the usage of
mechanically repeated scientific verbalisms. In between these
extremes lays the multi-level way of representing the problems
by connecting its concrete and abstract emergence levels. Going
further, within abstract possibilities of representing the problem
situations, one may do it by scientific narrative or symbolic means.
This opens an option for less and more abstract ways of
explaining the situations, enabling to connect concrete level with
either abstract narrative or abstract symbolic levels, and also the
two abstract levels with each other. These different problem
representations would reflect the hierarchical stages of mental
models of the phenomena.
At micro-level, learning should be seen as qualitative changes
in mental models about the problem. For this, it is necessary to
consider the mental model as a system. The questions investigated
in the current study were:
What characterises students’ problem representations in the genetics
domain and which may be their hierarchical order?
What is the influence of different type of reasoning, while working in
exploratory and expressive learning environments on changes at
students’ problem representations about genetics?
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2. MATERIALS AND METHODS
2.1. Participants
The participants of the study were 53 secondary school
students of 2 rural and 2 town schools. These students had
different knowledge about genetics – in one school the students
had studied the topic in the previous year, in other schools they
were not familiar with it. The students of each school were
randomly divided into groups of 3-7 people who worked at two
different settings of the experiment. The online activity was
guided virtually by human tutor.

2.2. The research setting and the learning task
The experiment was planned as the two-group pre- and
post-test. From each school the students were randomly divided
between the two settings of the experiment – the modelling
environment and the inquiry model. The common element in
both groups’ learning was collaborative discussion through
computer-based chat room.
Before the second part of the discussion started, a brief
overview of the influence of mutagenes was presented on a web
page and the students had to work collaboratively with expressive
or exploratory tools in order to reformulate their decisions. The
groups that worked in expressive learning environment had to
use whiteboard with background image containing the pesticide,
ladybird and chromosomes in order to model their problem
representation by adding texts and arrows (see Figure 1). The
groups that worked in exploratory simulation environment had
to apply the analogy principle by using the web-based “Ghost
model” (http://mudelid.5dvision.ee/tondid/), which abstracted the
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conceptual ideas of inheritance. It enabled to test the causal
effects of different mutagene levels on the appearance and the
genes of young and elderly ghosts and their offspring (see Figure
1). After individual testing and collaborative discussions the teams
had to formulate a written decision about the problem. The
following day the students were asked to write again a short essay
about the problem that they had solved in the first essay.

Figure 1. Whiteboard with template model for expressive modelling (up)
and “Ghost model” for exploratory modelling (down).
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2.3. Methods of analysis
For characterising the hierarchical stages of development
of students’ problem representation models the individual essays
written before and after the activity were used as pre- and posttest. Content analysis of individual problem representations
enabled to find the common elements to which students referred
to, while solving the “A case of ladybirds”. The structure of the
problem representations was modelled accordingly – all the
elements expressed in students’ essays were categorised either
as concrete representations that were described by everyday
explanations, or as abstract explanations that were described by
using scientific narrative or symbolic explanations.
Next, each student’s essay was categorised by the extent of
different types of explanations used in these. The following
category system was applied for representation types: objects
and events are described only at concrete level; objects and events
are described mainly at concrete level, while the entities described
at abstract level do not belong to the framework of the current
problem situation; objects and events are described both at
concrete and abstract levels; objects and events are described
only at abstract level.
For registering students’ movements between concrete and
abstract levels, while describing the problem, all the related
elements in the problem representation were mapped (see Figure
2). This enabled to analyse mental models as systems, considering
both the elements and the structural and causal relationships
between these. These connections were categorised as links
relating entities only at concrete level or only at abstract level,
and the links connecting the entities of concrete and abstract
levels. Next, the average level at which the students operated,
while reasoning was found, and the categories of connection
types were formed: i) only concrete level connections, ii) mainly
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concrete level connections and these that relate concrete and
abstract level elements, iii) mainly abstract level connections and
these that relate concrete and abstract level elements, and iv)
only abstract level connections.
Concrete entities

Abstract entities

Pesticide, poison,
Insufficient amount, very poisonous

Chemical mutagene,
Low/medium/high level

influencing

influencing

Insect, ladybird with
certain external features

Genes, chromosomes, alleles
with certain DNA sequencies

dying

mutating

breeding

changing
Insect, ladybird

Resistence

with

Immunity

Different external
& internal features
transferring

causing

inheriting
Resistence

causing

Immunity

Offspring

Certain external
& internal features

Certain
fenotype

with

causing

Concrete entities

Insect, ladybird with
certain external features

Chemical mutagene,
Low/medium/high level

influencing
with

Genes, chromosomes, alleles
with certain DNA sequencies

causing

mutating

Insect, ladybird
with
Different external
& internal features
dying
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Figure 2. Maps of problem representations with completely the concrete
or abstract elements (up), and both with the concrete and abstract elements
(down).
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Hierarchical cluster analysis was performed with the
variables of problem representation type and the connection type
in order to find, how might the usage of concrete or abstract
elements and the average level of linking the elements either
within one level or between levels be related in individual problem
representations. This enabled to find the boundaries of
hierarchical categories of problem representations and classify
all the students’ pre- and post-essays according to these categories.
The changes taking place in hierarchical levels of mental models
of the problem due to the activity were described by using the
Cross tabulation and Chi square analysis.

3. RESULTS
One of the aims of the study was to characterize the levels
by which the students express their problem representations in
a certain domain. Five distinct categories of problem
representations (see Table 1) were found that reflected the
hierarchical stages of mental models of the problem situation.
In the lowest representation category, only the concrete
sensory perceived objects and events were described. In the
second category, attempts were made to explain objects and
events that remained beyond the reach of senses, that caused
misinterpretations in abstract level elements of representations.
In the third and fourth representation categories, where both
concrete and abstract elements were used, the difference occurred
in a way, how elements from concrete and abstract levels were
related to each other. In the representations of the third category
concrete and abstract elements were constantly connected with
each other, while in the fourth category more connections
appeared within abstract level. Finally, there also existed
representations that described the problem only by means of
abstract elements and relationships.
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Table 1. Categories expressing the problem representations
Category
I. Concrete
representation

II. Concrete –
misinterpreted
semi-abstract
representation

III. Concrete
– abstract
representation

IV. Semiabstract
representation

V. Abstract
representation

Description
Concrete
elements,
reasoning at
concrete level
Concrete and
misinterpreted
abstract
elements,
reasoning at
concrete or
linking
concrete and
abstract levels

Both concrete
and abstract
elements,
reasoning at
linking
concrete and
abstract levels
Mainly
abstract
elements,
reasoning at
abstract or
linking
concrete and
abstract levels

Abstract
elements,
reasoning at
abstract level

Examples of students’ answers
I think that spattered poison will have a
weak influence on the ladybirds’ crust.
I think the poison is too chemical.
The insects’ eggs will be harmed and
crippled insects will be born, if they are
born at all, because poison is poisonous.
Those who will survive are partially
harmed and, therefore, their breeding is
perturbed. Therefore, crippled offspring
can be born. The insects that did
survive may get immunity against
poison and the poison will not kill them
and this immunity will be transferred to
the offspring.
Not all the insects will react similarly to
poison. In some organisms poison is
accumulating and can cause mutations
in the cells of the insect, also in
generative cells and therefore, the
offspring can have new and different
features than their parents.
The survived insects’ genes have
overcome changes due to the chemical
substance. Thereby both recessive and
dominant alleles may appear that
influence insects’ traits. These genes will
not appear in the insect that survived
the poisoning, but will they have an
effect on the offspring. Depending on
mating partner’s genetic material and its
dominant or recessive nature the new
features may appear or not.
The change can take place in generative
cells and may be inherited depending on
the alleles of the gene where the
mutation took place. If it is situated in
dominant ones in both, it will be
inherited for sure, if only one of the
alleles is dominant then it may happen
and if it is recessive then both must
have at least one recessive.
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In order to find the effects of learning, the hierarchical
categories of representations of the problem in pre- and postessays were compared by Cross tabulation (see Figure 3). It
appeared that after the collaborative activity there was a significant
shift (χ2=23.18, df= 12, p<0.02) towards expressing mental
models with higher order categories.
Changes in problem representations
Amount of essays

25
20

Cat. IV in Essay 1

15

Cat. III in Essay 1

10

Cat. II in Essay 1

5

Cat. I in Essay 1

0
I

II

III

IV

V

Categories in Essay 2

Figure 3. The distribution of problem representations according to
hierarchical categories in pre- and post-essays.
The main research question was related to the hypothesis
that due to different types of reasoning performed in expressive
and exploratory learning environments diverge development of
students’ mental models may occur. It appeared though that the
distribution of problem representations between the students
who worked with whiteboard image and those who used the
simulation model did not differ significantly (see Figure 4).

KAI PATA, TAGO SARAPUU

582

Expressive modelling

Amount of essays

10
8
6

Cat. IV in Essay 1
Cat. III in Essay 1

4

Cat. II in Essay 1

2

Cat. I in Essay 1

0
I

II

III

IV

V

Categories in Essay 2

Amount of essays

Exploratory modelling
14
12
10
8
6
4
2
0

Cat. IV in Essay 1
Cat. III in Essay 1
Cat. II in Essay 1
Cat. I in Essay 1

I

II

III

IV

V

Categories in Essay 2

Figure 4. Changes in students’ problem representation models due to
expressive (up) and exploratory (down) modelling.
Nevertheless, a closer look at the students’ shift within
representational categories (see Figure 4) showed that among
the students, who were formerly at hierarchically lower levels of
problem representations (Concrete or Concrete–misinterpreted
semi-abstract stage), learning in both environments appeared to
increase their ability to perform reasoning with abstract elements.
Among the students that were previously at higher levels of
problem representation, some differences occurred. Those, who
performed expressive modelling task, were found to reach from
Concrete–abstract (III) towards Semi-abstract (IV) and Abstract
stage (V), whereas the exploratory environment did not foster
similar development. After working with exploratory model the
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students, whose mental models were expressed by using both
concrete and abstract elements in first essays and that were
capable of relating several abstract level elements in their problem
representations (Category IV), appeared to stay at the same level
or simplify their explanations in their second essay.
These differences between representing problem situation
by Semi-abstract and Abstract representation raise the question
about which of these modes characterises the more advanced
way of explaining the problem situation — the one where
everything is explained by abstract means, or the one where the
concrete and abstract elements are constantly related.
The tendency that expressive modelling enhanced Abstract
types of explanations in post-essay, may be explainable by the
expressive and exploratory types of reasoning. It was supposed
that model-based reasoning supports the development of overall
mental model of the problem situation and, thereby, creates better
possibility to express it mainly by abstract elements as the learners
were able to run the rest of the model in their mind. The following
Example 1 shows how students bio4 and bio6, with former
complex but flawed mental models, were running the complete
mental representation in their mind, guiding the other teammembers during the expressive modelling task. In the post-essay,
one of these students (bio4) was able to represent the situation
with clear sequential explanation, moving from concrete level to
abstract and back (Category IV) and another (bio6) used purely
abstract representation (Category V).
Example 1.
Essay 1 (bio6):
Pesticide can cause the large-scale perishing of the population,
which means that only these will survive who are tolerant to poison
and those, that will develop the tolerance (in order to get immunity
the change in organism – mutation). The type of the insects that
have obtained immunity will survive. Next, the breeding will take
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place with these insects that have the changes. If the mutation is
genetic, then depending on the structure of genetic material it will
be inherited by offspring, if the change is generative, it means in
generative cells, then its inheritance depends on the changes in
genetic material (gene, chromosome-, or genome-mutation).
(Category II)

Discussion of bio4 and bio6 with team-members during
expressive modelling:
bio6 says, “Maybe we should draw arrows from the pesticide towards the
ladybird and then to the chromosome?
bio4 says, “Isn’t it more logical to connect the pesticide straight to the
genes?
bio3 says, “Maybe from chromosome there has to be an arrow to the
ladybird as well?
bio2 says, “I agree”
bio4 says, “The one who made the arrow from the poison towards the
ladybird should delete it”
bio6 says, “But poison influences the ladybird!”
bio4 says, “But poison has influence on ladybirds’ genes… and the genes
influence the appearance of the insect!!!!!! “
bio4 says, “And then there cannot be the arrow from poison towards the
ladybird”
Essay 2 (bio4):
The poison, being a strong mutagene, can cause changes (usually
with dominant alleles) and the new traits will appear. (Category IV)
Essay 2 (bio6):
The change can take place in generative cells and it may be inherited
depending on the alleles of the gene where the mutation took place.
If it is situated in dominant ones at both, it will be inherited for
sure, if only one of the alleles is dominant then it may happen and
if it is recessive then both must have at least one recessive.
(Category V)

Differently from working with exploratory modelling, the
‘if-then’ type of reasoning, applied while learning with the
simulation model, broke down the problem situation and the
students appeared to have difficulties in relating the facts that
they tested on the model with those of the problem situation.
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Due to this difficulty, students’ mental models appeared to be
simplified. The following Example 2 illustrates changes in mental
model of bio17, who worked with the Ghost model during the
activity.
Example 2:
Essay 1 (bio17):
Pesticide can cause mutations. Usually the poisons cause morbid
mutations, which means that the insects will die sooner or later. In
the co-influence of environmental conditions and insects’ features
the positive mutations can appear. For instance, one of the best
possibilities is that the insect will obtain immunity to the poison.
This will also bring forth the need to develop a new poison that will
cost a lot. The new features of the insect may appear if the amount
of the poison has been too small and the poison has stayed in the
organism of the insect, starting to influence its development and
behaviour. (Category II)

Discussion of bio17 with team-members during exploratory
modelling:
Tuutor5 says, “How can the level of mutagens influence ladybirds’
somatic and generative cells? “
bio21 says, “So, here [on the ‘Ghost model’] it seems so that the older
they are, the more recessive alleles”
bio17 says, “Yep”
bio17 says, “It means that the bigger the amount of mutagens is, the
more recessive alleles can appear”
bio21 says, “Yes, the higher the mutagene level, the bigger number of
recessive alleles “
bio17 says, “The higher the mutagene level, the bigger is the mutability
and the greater is the amount of expressed recessive alleles???”
bio17 says, “Is it so?”
bio17 says, “Then we have the answer”
Essay 2 (bio17):
The chemicals cause gene mutations on the insects, which will be
inherited to the offspring. (Category III)
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4. DISCUSSION
The study aimed to find the method for analysing students’
overall mental models of the problem situation. Accomplishing
this task, the approach of mapping mental models by describing
the components of mental model, run by students, and the
structural and causal relationships between these system
components was developed.
It was expected that in a certain domain different stages of
representations of the problem might exist, which have
hierarchical developmental sequence. The sequence of mental
model development was sought to find by mapping the direction
towards which the students’ mental models changed after
learning. Although we could record five qualitatively different
types of representations of the ladybirds’ problem, the
hierarchical sequential order between these stages remained
analytically unproven. The comparison of students’ pre- and postessays indicated that the mental representations will not always
become more complex reflecting learning in abstract level, but
their structure may also get simplified after certain type of
activities.
It has been discussed that the process of forming
representations starts from activating in short-term memory in
the situational context the knowledge structures stored in longterm memory (Derry, 1996) and, next, this mental model would
be represented partly visually or verbally (Zhang & Norman,
1994). Relying on this framework, it was expected that the learning
task in expressive or exploratory environment could serve as
this situational context that influenced students’ representations
after the activity. Nevertheless, in cases of working with
expressive or exploratory tools no statistically significant
difference within the distribution of pre- and post-essay
categories of students’ mental representations were found.
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Supporting the previous expectation, it appeared though
that some students, who had worked with modelling task, were
able to represent the problem purely in an abstract way (Category
V), whereas those, who had worked with a model, could not.
This could have been the result of different types of reasoning
– ‘model based’ and ‘if-then’ reasoning – applied during the
activity. On the basis of the content analysis of the discourse it
was possible to affirm that the students apply different types of
reasoning, while modelling or doing inquiry with the model.
Students, whose learning was facilitated by composing the model
in expressive setting, tended to develop and work with the overall
mental model of the problem during the activity. Several of these
students could later represent the problem as a system by only
abstract means, leaving out some of the concrete elements that
might have been active in their short-term memory. Working
with inquiry analogy model, on the other hand, seemed to
facilitate the students’ back and forth movements between the
situation and the model. This appeared not to enhance the
development of overall mental model of the problem situation,
as the students appeared to describe in their post-essays both
the concrete and abstract levels in order to give an exhaustive
explanation.

5. CONCLUSION
The current study investigated the development of students’
mental models by analysing the structure of their problem
representations. Residing on the systems approach, the mental
models about genetic problem were mapped and clustered
hierarchically, considering the elements (objects and processes
with their properties), the level of reasoning (concrete or abstract)
and the connectedness of elements between or within these levels.
Five representational categories were found starting from
complete concrete and ending with complete abstract types. As
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the genetic problem did not appear to enhance reasoning at
scientific symbolic level, the question about the role of scientific
symbols as the higher stages in the development of representing
the problems remained open.
Although it is tempting to construct theoretically meaningful
hierarchical category systems about the development of
representing the problems, the sequence of upper level stages
remained unclear and has to be tested experimentally. The
question about, which is more advanced way of understanding
science — the abstract level reasoning or reasoning simultaneously
at concrete and abstract levels — is one of the areas to be studied
in the future.
The significant difference in representing problems in preand post-essays, due to learning in exploratory or experimental
settings, was not registered, but the effects of opposite types of
reasoning – wholistic ‘model-based’ and sequential ‘if-then’
reasoning, applied in these learning environments, could be
observed. This in turn might have influenced the divergent
development of problem representations within hierarchical
categories in these learning settings. The current study appeared
to have more the predictive value. It enabled to take an insight
look at how different types of reasoning processes applied due
to learning in different settings may influence the learners’ ways
of representing the problems and the way, how their mental
models would be constructed. These possible effects of learning
have to be investigated further on in larger scale in-depth
experimental settings.
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Acquiring scientific inquiry skills in
exploratory learning environment
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pedaste@ut.ee, tago@ut.ee
Science Didactics Department, University of Tartu , Estonia

ABSTRACT
A web-based situational simulation of environmental science “Hiking Across
Estonia” has been developed in the Science Didactics Department at the
University of Tartu. It is a learning environment for developing students’
inquiry skills. The simulation consists of 25 problem-solving tasks with
background information, supplementary materials and explorative virtual tools.
265 students from the 6th to the 12th forms in 66 groups consisting of 3 to
5 learners used the environment in 2003. The progress of teams’ inquiry
skills was estimated on the basis of the results of a pre- and post-test. Their
activities during the virtual hike were recorded into log files. Most of the
groups who finished the simulation performed significantly better in the posttest compared with the pre-test. The teams were clustered into five main
categories according to their activities and results. Discriminant analysis
showed that the users of various problem-solving strategies collected different
number of points in the virtual hike and had different progress according to
the tests. The time used for completing tasks and achievement in pre-test
also played an important role in final results. Recommendations for scaffolding
the groups of different clusters were worked out in order to increase the
efficiency of learning.
Key Words: exploratory learning, problem-solving, analysis of visualised
information.
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1. INTRODUCTION
The aims of the present research were to evaluate the
development of students’ inquiry skills and their ability to analyse
different types of information in an exploratory learning
environment. Secondly, we looked for possibilities to classify
students according to their strategies in solving problems during
the inquiry process. The problem-based learning is an important
part of curricula in most of developed countries. Teachers also
agree that problem-solving must be applied in learning natural
processes. However, not enough attention is paid to teaching
problem-solving skills in a number of schools and in Estonia as
well. Our earlier studies have demonstrated that students’ ability
to solve environmental problems does not differ statistically
significantly in basic school and high school (Pedaste & Sarapuu, 2002). Problem-solving process could be characterized in
various ways. Jonassen (1997) argues that problem-solving is not
only building blocks, such as concepts, rules, and principles that
are brought out by learners when solving a problem but it is
more complex than the sum of its components. Moreover, higher
order thinking skills (Bloom, Engelhart, Furst, Hill & Krathwohl,
1956), especially skills to analyse and synthesise determine the
effectiveness of whole inquiry process.
Our study has been based on a situational web-based learning
simulation “Hiking Across Estonia” (http://bio.edu.ee/tour/)
composed in the Science Didactics Department at the University of Tartu (Sarapuu & Pedaste, 2001; Pedaste & Sarapuu, 2002).
In the simulation students had to solve 25 complex problems in
a certain order during a three-week all-Estonian competition
(Figure 1). The educational tasks embedded the characteristics
of algorithmic problems, story problems and rule-using problems
(Jonassen, 2000). All these three types had only one answer that
was more correct than others. It was needed for controlling
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students’ answers automatically with a computer programme.
The background information for solving all the problems was
available in the learning environment.

Providing students with
a problem-solving task
in everyday context.
Acquiring additional
information about the topic.
Introducing instructions
for collecting and recording data.
Data collecting with
a virtual tool.
Making judgements
according to the data
collected.
Finding final solution
to the initial problem.

Figure 1. A problem-solving task in the learning environment.
For solving algorithmic problems (see Jonassen, 2000)
learners were provided with background information for building
their new systems of knowledge and for developing understanding
of concepts. As far as story problems were concerned, the
students had to construct schemas for problem-solving tasks in
particular practical situations, comprehend relevant textual
information embedded into the exploratory learning environment.
They also needed to have different capacities: visualisation,
recognising the structure of a problem, applying solution activities
correctly, and evaluating the procedure used in solving a problem
(Lucangelli, Tressoldi & Cendron, 1998). Most of the inquiry
skills acquired in problem-solving were involved in the rule-using
problems. Students had an opportunity to use multiple solution
paths or multiple rules governing the process. Virtual tools as
explorative models were also worked out for developing some
inquiry skills, e.g. collecting and organising data.
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Problem-solving and exploration have much in common
with inquiry, but problem-solving has to be more structured in
order solve a problem. Like exploration strategies, inquiry process
usually involves the generation of learning through active
involvement, e.g. through a process of trials and mistakes. The
use of problems as reinforcement is also common in many
classroom situations; for example, abstract knowledge of calculus
can be applied with problems in science, biology and
environmental education. Despite the potential benefits from
the deeper processing required within this paradigm where
learning actually takes place while solving authentic problems
are perhaps less common due to the constrains of time and
curriculum and also because of pedagogical philosophy (Reeves
& Reeves, 1997). It has been claimed that one role of the
computer is to be a cognitive tool that can be used as a generic
device to assist the development of problem-solving skills.
In this study we examined the process of students’ problemsolving strategies in a web-based collaborative learning
environment. We divided students into groups for scaffolding
them according to their needs.

2. METHOD
A web-based situational exploratory learning simulation
“Hiking Across Estonia” (http://bio.edu.ee/tour/) was used for
teaching inquiry process during an all-Estonian competition
organised by the Science Didactics Department at the University of Tartu in April and May 2003. 66 teams with 265 students
completed the virtual hike and filled in an electronic pre- and
post-test. There were three to five members in a team (4.0 on an
average) from the 6th to the 12th forms (aged 12-19); the majority
of groups were from the 8th form. 57% of the students were
girls and the rest were boys. There were 15 female and 21 male
teams.
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The electronic pre- and post-test contained similar multiplechoice and open-ended questions, which evaluated learners’
inquiry skills, especially general problem-solving ability and their
skills to analyse visual information. Students were provided with
a series of photos, graphs, tables, and figures and had to find out
if there was any relation between the data presented. In some
cases they collected data from figures and made judgements based
on their findings (see Appendix 1).
Students’ activities during the virtual hike were recorded
into log-files. Background information about the users of the
environment, the results of the tests, the points collected on the
virtual hike, and the time used for solving problems were used
for classifying hiking teams. SPSS software was applied for
hierarchical cluster analysis, discriminant analysis, and the analysis
of covariance (ANCOVA). ANCOVA was used for evaluating
students’ improvement according to the results of the pre- and
post-test. The size of the group, the number of boys in a team,
the form, and the results of the pre-test were used as covariates.
The classification of teams was composed with hierarchical
cluster analysis and the differences between the clusters were
determined with discriminant analysis. The last one was also used
for predicting students’ learning strategies in the exploratory
learning environment.

3. RESULTS
Our study demonstrated that most of the groups who
managed to complete the virtual hike performed in the post-test
significantly better than in the pre-test. A statistically significant
increase in the students’ general problem-solving skills and their
abilities to analyse tables, graphs, figures and photos was
demonstrated according to the ANCOVA analysis (Table 1).
Students’ results mainly improved in analysing graphs and least
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in analysing tables and figures. The development of problemsolving skills and analysing capabilities mostly depended on
students’ performance in the pre-test, their form and gender.
The type of the influence varied strongly in different groups
and so we needed to run a cluster analysis.
Table 1. Differences between the results of the groups (n=66) in the preand post-test according to the ANCOVA analysis.
Dependent variable
Problem-solving
Analysing tables
Analysing graphs
Analysing figures
Analysing photos

Pre-test
mean
55%
47%
28%
57%
51%

Post-test
mean
63%
55%
57%
64%
67%

F

Sig.

15.0
7.5
37.5
11.9
18.6

<0.01
<0.01
<0.01
<0.01
<0.01

All the teams of students were divided into six different
parts on the basis of hierarchical cluster analysis (Figure 2). The
whole population of the groups was split into two clusters – X
and Y. In the cluster X we had two sub-clusters but since there
was only one team in one of these, in the following analysis it
was excluded. The cluster Y had three sub-clusters and one of
them was divided further into two separate parts.
Differences between clusters were clarified with discriminant analysis. Two first discriminant functions described
together 96% of the variance of this classification. According
to Wilks’ Lambda test the rest of the functions were not necessary
for describing the whole system. All characteristics involved in
the discriminant functions were divided into two groups with a
significant difference – only the characteristics that had a strong
influence on the classification included in the final discriminant
functions:
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n=1

n=6

n=3

n=12

n=10

n=34

A

B

C

D

E

F

X

Y

Figure 2. Department of learning groups (n=66) according to the
hierarchical cluster analysis.
Function 1: Cl = 1.04T – 0.63PreA + 0.59PostA – 0.40HA – 0.35PostF –
0.2PostP – 0.14PostT – 0.08G + 0.05PreG (χ2 = 244, p < 0.01).
Function 2: Cl = 1.28HA – 1.21PostA – 0.72PreA + 0.67PostP +
0.55PostT + 0.35PreG – 0.30T + 0.26G – 0.19PostF (χ2 = 98, p < 0.01).
Key:
Cl = cluster of learners’ groups,
T = time used for solving problems,
PreA = achievement according to the pre-test,
PostA = achievement according to the post-test,
HA = achievement in the virtual hike,
PostF = result of the analysis of figures in the post-test,
PostP = result of the analysis of photos in the post-test,
PostT = result of the analysis of tables in the post-test,
PreG = result of the analysis of graphs in the pre-test,
G = number of boys in a team.

The final discriminant functions enabled us to classify
correctly 64 cases out of 65 (98%). There was only one
misclassified team, where the cluster should have been the second
highest group.
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On the basis of the graph (Figure 3) the first discriminant
function was suitable for dividing participants into the clusters
B, D, E, and F. The cluster C differed according to the second
function. As a sum of figures 1 and 2 we could explain that
special interest must be directed to the extreme clusters B and C.
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Figure 3. Centroids of the clusters (B-F) according to two first discriminant functions.
The first discriminant function mainly correlated with the
time used for completing problem-solving tasks in the virtual
hike (r=0.867). Positive correlation showed that students in the
cluster B learned very thoroughly. They spent a lot of time on
identifying the problem, reading background information,
collecting and analysing data, drawing and evaluating conclusions.
They spent 39 minutes on solving a problem on an average,
whereas the students belonging to the cluster F (the other margin
according to this function) needed only 11 minutes (Figure 4).
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Figure 4. Time spent on solving the problems of the virtual hike by the
groups of the clusters (B-F).
The second discriminant function distinguished the cluster
C from the others. This function correlated with students’
achievement in the virtual hike very strongly. The groups of the
cluster C found the best solution easily and used it correctly in a
relatively short time. In this cluster the average result of the tasks
in the hike was 95%, whereas in the others it ranged from only
44% to 67% (Figure 5).
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Figure 5. Achievement in solving the problems of the virtual hike by the
groups of the clusters (B-F).
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The results of the pre-test, the number of group members,
and their gender also played an important role in the process of
problem-solving according to the first discriminant function.
Based on the second essential function we added the results of
the post-test. Comparing the characteristics described, we can
discuss the differences between five main clusters existing in
our system.
The cluster B contained comparatively small groups (3.8
students) where were “good students” who had also solved the
problems in an exploratory learning environment thoroughly.
With effort they had the highest score (69%) completing the
hardest task in the pre-test – in a problem-based on analysing
background information, collecting data, analysing figures, and
generating the final solution in the basis of empirical results. In
solving the other problems they were at an average level in the
pre-test compared with the members of other clusters. It could
depend on the problem-solving strategy previously acquired at
school was not needed but only analysing and thinking logically.
Due to hard work their skills to analyse photos, graphs, and tables
improved statistically significantly. At the same time the progress
of analysing figures was not performed in the post-test. The
development in the cluster B was at an average level compared
with others and it was not in correlation with the time spent on
learning. This type of learners was not very common – 6 groups
out of 66 (9%) belonged to it.
The cluster C was the smallest one (3 out of 66 teams –
5%) but it had very distinctive characteristics. These were the
smallest teams (average size 3.7 students); mainly consisting of
boys (67%) – more than any other group. They used very little
time for solving the problems of the virtual hike (15 minutes on
an average) but had the best results during the virtual hike (95%
of the points). However, they had the lowest score (27%) in the
pre-test. They improved more than other clusters in analysing
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graphs, tables, and photos, whereas in the development of
analysing figures they were the poorest group.
The biggest groups (4.3 students on an average) were in
the cluster D and they had the best results in both the pre- and
post-test (38% and 44% respectively). There were mostly girls
(69%) in the teams and they spent very much time on learning
(25 minutes per a task). Although they had comparatively high
achievement according to the pre-test, their progress was not
the highest but all the skills improved statistically significantly.
This cluster contained 12 groups out of 66 (18%).
The most ineffective 10 teams out of 66 (15%) belonged
to the cluster E. Their analysis of tables and photos improved
least in this cluster and there was no statistically significant
development in analysing graphs. The only very positive result
in this group was the biggest improvement in the ability of
analysing figures (74%). This group was also the second according
to the pre-test in general. It was interesting that 91% students in
this cluster were girls.
Most of the hiking-teams were classified into the cluster F
– 34 groups out of 66 (52%). In this cluster the score of the
virtual hike were the lowest (44%) and the time used for learning
was the shortest (11 minutes per a task). They were better than
the cluster C according to the pre-test (28% and 26% respectively)
but the last one according to the post-test (32%). They mainly
improved in analysing photos (34%) and did not develop in
analysing figures.
Some of the characteristics involved in the discriminant
functions described students’ improvement according to the posttest. These were not usable for clustering teams and subsequently,
for influencing the learning process at early stages of the virtual
hike. Three statistically important characteristics were used for
that purpose after registration and completion of the pre-test:
the achievement according to the pre-test, the results of the

Groups classified correctly (%)
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analysis of graphs in the pre-test, and the number of boys in a
team. Two first discriminant functions described 99% of the
variance but enabled to classify correctly only 25 cases out of 65
(38%). Thus, we needed to add some characteristics from the
first stages of the virtual hike. Qualitative improvement in the
effectiveness of discriminant functions was found when data of
two or four first tasks of the simulation were taken into account
(students’ results and the time of solving problems) – prediction
power 57% and 74% respectively (Figure 6).
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Figure 6. Prediction power of the discriminant functions depending on the
number of problem-solving tasks of the virtual hike involved in the
analysis.
It is possible to enhance students’ process of learning during
solving 21 tasks when we have classified them after completing
the first 4 tasks. The first three discriminant functions described
96% of variance:
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Function 1: Cl = 0.74T4 + 0.52A3 + 0.49T1 + 0.29T2 + 0.28A4 – 0.25T3 +
0.23A2 + 0.14G + 0.04A1 – 0.03 PreA – 0.03PreG (χ2 = 103, p < 0.01).
Function 2: Cl = – 0.76 + 0.73G – 0.47T2 + PreA 0.43T4 + 0.28A4 + 0.17A3 +
0.16A1 – 0.14A2 – 0.06T3 – 0.03T1 + 0.03PreG (χ2 = 52, p < 0.08).
Function 3: Cl = 0.73A2 – 0.52T4 + 0.37T2 + 0.35A1 – 0.32T3 – 0.23 PreA +
0.13A4 – 0.11T1– 0.03G – 0.01PreG + 0.01A3 (χ2 = 26, p < 0.09).
Key:
Cl = cluster of learners’ groups,
PreA = achievement according to the pre-test,
PreG = result of the analysis of graphs in the pre-test,
G = number of boys in a team,
A1…4 = achievement according to a problem-solving task,
T1…4 = the time spent on solving a problem.

The general achievement according to the pre-test was the
first variable for predicting students’ learning process (Table 2).
The clusters B, D and E had significantly better results compared
with C and F. The cluster E differed from others with higher
achievement in analysing graphs and with the ratio of boys in a
team. They also used less time for solving the problems of the
virtual hike. In the teams of the cluster B there were much more
boys than in D. The differences between C and F were almost
undetectable before the virtual hike – in the cluster D they had a
little lower achievement and more boys. During the hike the
cluster C differentiated from the others with a very high score.
In some cases there were no statistically significant
differences between clusters but it was not possible to leave these
characteristics out since prediction power would have increased
by 9%.

Achievement according to the pretest (%)
Analysis of graphs in the pre-test
(%)
Ratio of boys in a team (%)
Achievement in the 1st task (%)
Achievement in the 2nd task (%)
Achievement in the 3rd task (%)
Achievement in the 4th task (%)
Time used for the 1st task (min.)
Time used for the 2nd task (min.)
Time used for the 3rd task (min.)
Time used for the 4th task (min.)

Dependent variable

26
20
67
100
100
100
75
30
27
9
15

31
51
81
52
78
77
36
29
16
41

n=3

n=6
36

C

B

31
68
47
78
51
28
23
14
20

34

38

n=12

9
63
51
74
45
17
21
9
15

37

37

n=10

Mean of clusters
D
E

53
59
40
61
28
15
12
9
13

23

28

n=34

F

3.7
2.9
3.4
1.4
5.0
4.7
5.0
2.6
9.6

2.4

4.4

F

<0.01
<0.05
<0.05
n.s.
<0.01
<0.01
<0.01
<0.05
<0.01

n.s.

<0.01

Sig.

Table 2. Differences between the clusters for predicting their success and improvement in problem-solving
according to the ANCOVA analysis.
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4. DISCUSSION AND CONCLUSIONS
Students in the same learning community had different age,
gender, pre-knowledge, pre-skills, attitudes, and motivation.
Therefore, it was needed to determine an effective way of learning
for each group and scaffold them during the process of learning.
Shin and McGee (2002) demonstrated that inquiry based
multimedia learning was viable and effective for improving
content understanding and problem-solving skills with all
students, especially females. On the other hand, they had now
possibilities to individualize the learning process according to
some algorithm although adaptive learning seems to be more
effective in the space of individual characters (Carrier & Jonassen, 1988).
In the present study, we used a simulation which allows
problem solving step by step. In that kind of exploratory learning
we have an opportunity to classify students according to the first
steps and then to modify their scaffolding based on a certain
cluster. This system enables to increase the effectiveness of
learning process in many cases where results are poor due to
individual differences of learners or groups of them. In learning
problem solving and science as well, the clustering methods are
quite new and should to be applied more. In teaching languages
and information retrieval these methods have been used with a
great success already for over ten years (e.g. Cutting, Karger,
Pedersen, & Tukey, 1992).
Firstly, we determined all clusters that described the whole
learning process with exploratory learning environment “Hiking
Across Estonia”. All groups of students were divided into five
main categories. They had different pre-skills, attitudes, and a
number of boys in a team. 52% of students were classified to
the cluster F, where the average score in the virtual hike was the
poorest. These teams needed effective scaffolding already at the
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early stages of the simulation. The main difference compared
with other clusters was the time used for solving problems. 11
minutes on an average was too short time for them to understand
a task completely, collect and analyse background information,
manipulate virtual tools for collecting data, and draw final
conclusions after the evaluation of strategies used in solving a
problem. Groups in this cluster should need more structured
guidance for completing correctly each step in the problemsolving process. Tasks based on analysing figures seem to be too
complicated for them. Therefore, it is recommended to provide
them with simpler problems at the early stages of learning: tasks
based on analysing photos, graphs and tables. This finding
supports the importance of the main paradigm of learning
process that must be ordered from simple tasks to more complex
tasks (e.g. Eggen & Kauchak, 1999).
The clusters C and F were very similar according to the
pre-test and general information but the students of the cluster
C completed the virtual hike very well and improved most in
analysing photos, graphs and tables. In this cluster there were
mainly “lazy” boys who did not pay attention to the results of
the pre-test and also solved the problems of the virtual hike
very fast. Unlike the cluster F they had a very high potential. So
they understood an algorithm of each problem quickly and
performed very well. The only field they did not improve was
the analysis of figures. This seems to be the most complicated
skill and it needs more time even in groups with a high potential.
The only recommendation for the learners in this cluster is to
take more time for evaluating and especially for analysing figures.
In order to improve the most complex skills to analyse figures
the application of minimalism theory (Carroll, 1990) will be
useful. In these problem-solving tasks the amount of reading
must be minimized and the meaning for student in their everyday context must be maximised.
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The students in the cluster B were very different from the
students in the cluster C and, therefore, they should be scaffolded
differently. They were with a low potential and wanted to use a
lot of time for thinking and controlling answers. Although they
used time four times more than the groups in the biggest cluster
F and they did not improve statistically significantly more in
analysing tables and photos. The greatest progress was achieved
in analysing graphs but there was no improvement in analysing
figures. On the basis of the results we can conclude that this
group must first be provided with simpler tasks on the analysis
of graphs and then they can move on to the analysis of photos,
tables, and figures step by step. The analysis of figures seems to
be too difficult for these students at the early stages of the
problem solving. In these cases the Lave (1988) theory of situated
learning used in designing the virtual environment could influence
the results negatively. The students are too active with social
interaction and they will be lost in the authentic context.
The cluster D contained the best learners of all and they
did not need any scaffolding. They used enough time for learning
but not so much as in the cluster B. They were also with a high
potential compared with the cluster B. According to the results,
they realized their abilities very well. Due to their very good results
of the pre-test it was not possible to show the highest
improvement but all their problem-solving skills had developed
statistically significantly. It is remarkable that the skills to analyse
figures also increased in this cluster that was not characteristic
for the clusters B, C and F (65% of teams). This result reveal
that the process of scaffolding must be adaptive and in some
cases it is not necessary although in many cases learners have
difficulties in self-regulating when they use hypermedia
environments to learn complex topics (Greene & Land, 2000).
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The cluster E was very similar to the D according to the
pre-test – there were mainly the teams of girls with high
achievement. They used less time than the students of the
cluster D in the virtual hike and they did not improve in
analysing graphs and the increase of skills to analyse photos
and tables was the lowest compared with all others. Besides,
they improved in analysing figures most of all. According to
this we could claim that they solved carefully the tasks that
seemed to be the most complicated and more interesting for
them. These groups need more challenge for learning. The right
solution for them is a mix of tasks of different types.
We can scaffold the process of exploratory effectively
when we know into which cluster certain team belongs to. The
descriptions of clusters have been composed according to the
whole learning process. For predicting a cluster at the early stages
of learning, only the data collected in the pre-test and the first
steps of the virtual hike can be used. We have to start the process
of scaffolding at the beginning of the usage of exploratory
learning environment although the prediction power gradually
increases later. In our study, the prediction power after the fourth
task was 74%. This is sufficient for giving some directions for
learning. After the tenth task 94% of teams can be classified
correctly. It enables us to scaffold almost all the students in the
best way during 15 problems, which have to be solved after this
point of the virtual hike. Now, we need only the results of the
pre-test and the data about the first four tasks recorded to the
log-files. According to this information we can calculate
discriminant score for each new team and classify it to the correct
cluster. The effectiveness of that system of scaffolding problemsolving strategies has to be controlled during the further studies.
Based on the results of this study we can conclude that the
combination of hierarchical cluster analysis and discriminant
analysis is a powerful tool for providing students with
individualised scaffolding, whereas learning in small groups is
doubtless by the most effective way of learning complex process
skills of exploration.
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APPENDIX 1.
A task of the pre-test for evaluation of skills to analyse figures.
You are provided with the results of a study where researchers f ound out how the feeding of
secondary consumers (carrion crow) affected the whole food web. The figures present the results
in two different areas – figure A with additional food and figure B without it.
? carrion crow (red dot)
? “Saki ” (yellow dot)
? “Raki” (green dot)
The colours of dots in the figure
may not be differentiable in the
print version (students had
electronic test).
Write your calculations in this table.

What are the differences of these two figures?
There are more carrion crows in the figure A.
Explain, how you made your judgement.

YES

NO

There are more “ Sakis” in the figure A.
Explain, how you made your judgement.

YES

NO

There are more “ Rakis” in the figure A.
Explain, how you made your judgement.

YES

NO

There are more different species in the figure A.
Explain, how you made your judgement.

YES

NO

There is a higher density of carrion crows in the figure A.
Explain, how you made your judgement.

YES

NO

Who is in this ecosystem:
Carrion crow
q producer
q primary consumer
q secondary consumer
q tertiary consumer

“Saki”
q producer
q primary consumer
q secondary consumer
q tertiary consumer

“Raki”
q producer
q primary consumer
q secondary consumer
q tertiary consumer

What kind of relation exists between the carrion crows, “ Saki” and “Raki ”?
How did you find this relation?
Make two additional judgements about the relations found out on
Judgement 1:
Explanation:
Judgement 2:
Explanation:

the basis of this study.

