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Editor's Statement iii

Editor’s Statement

The papers in this volume — which was prepared by the Finnish-German research group
MAVI (MAthematical Vlews on beliefs and mathematical education) — contain the abstracts
of talks given at the fourth workshop on “Current State of Research on Mathematical Beliefs”.
The conference took place at the Gerhard-Mercator-University of Duisburg on April 11-14,
1997. The aim of this research group, being the initiative of my colleague Erkki Pehkonen
and myself, is to study and examine the mathematical-didactic questions that arise through re-
search on mathematical beliefs and mathematics-education.

The next workshop will take place at the University of Helsinki on August 22-25, 1997.

A bibliography containing more than 750 titles around mathematical beliefs has been pub-
lished by the MAVI group:

Tomer, G. & Pehkonen, E. (1996). Literature on Mathematical Beliefs. Schriftenreihe
des Fachbereichs Mathematik, Preprint Nr. 341. Duisburg: Gerhard-Mercator-
University.

Again, the initiators would like to encourage all interested colleagues to join our network
and to participate in our activities.

Duisburg, April 1997 Gunter Torner




Contents

Contents
Editor’s Statement iii
List of Participants vii
Peter Berger 1

Designing Qualitative Research: Experiences and Suggestions

Constantinos Christou & Georges Philippou 13

The Mathematical World Views: The Case of Cypriot Middle School
Students (Grades 6-9)

Margareth Drakenberg 21
Attitudes to Mathematics in Grades 1-6

Ginter Graumann 29

Beliefs of First-Year-Students about the Mathematical Education of
Teacher Students

Markku Hannula 33
Pupils’ Reactions on Different Kind of Teaching

Gabriele Heintz 41

Research Questions on Private Tuition in Mathematics

Kirsti Hoskonen ' 45

Mathematical World Views of Some Seventh-Graders: Beginning of
Research



List of Participants

Vii

Vi Contents

Sinikka Huhtala 51
Drug Calculation Ability of Practical Nurses

Erika Kuendiger & Siegbert Schmidt 57
What Does It Take To Be Successful in Mathematics? An Empirical
Study

Pekka Kupari 71
Teachers Mathematical Beliefs: Four Teacher Cases

Sinikka Lindgren 79
Prospective Teachers’ Math View and Instructional Practices: An
Analysis of Four Cases

Christoph Oster 87
Problem Solving Situations in Private Lessons: A Phase-Model

Erkki Pehkonen 91
Beliefs of Mathematics Professors on Teaching Mathematics in School

Martin Risnes 97
On Self-Efficacy and Mathematical Beliefs: A Structural Modeling Ap-
proach

Giinter Torner 107
Methodological Considerations on Belief Research and Some Observa-
tions

Bernd Zimmermann 117

On a Study of Teacher Conceptions of Mathematics Instruction and
Some Relations to TIMSS

List of Participants

Peter Berger

Universitédt Duisburg
Fachbereich Mathematik

Astrid Brinkmann

Constantinos Christou

University of Cyprus
Dept. of Education

Margareth Drakenberg

University of Helsinki
Dept. of Education

Giinter Graumann

Universitdt Bielefeld
Fakultit fiir Mathematik

Mai'kku Hannula

University of Helsinki
Department of Teacher Education

D 47048 Duisburg (Germany)
phone office: 0203-379-1326

fax office:  0203-379-3139
phone home: 0202-462597

email: berger@math.uni-duisburg.de

Leckingserstr. 149

D 58640 Iserlohn (Germany)

phone home: 02371-460375

email: Klaus.Brinkmann@fernuni-hagen.de

P.O. Box 537

Nicosia (Cyprus)

phone office: +357-2-338881

fax office:  +357-2-339064
phone home: +357-2-318993
email: edchrist@zeus.cc.ucy.ac.cy

PB 39 (Boulevardi 18)

FIN 00014 Helsinki (Finland)
phone office: +359-9-1918048

fax office:  +358-9-1918073
phone home: +358-9-8092690
email: madraken@bulsa.helsinki.fi

D 33605 Bielefeld (Germany)

phone office: 0521-106-6246

fax office: ~ 0521-106-4743

phone home: 0521-872858

email: campbell@mathematik.uni-bielefeld. de

PB 39 (Bulevardi 18)

FIN 00014 Helsinki (Finland)
phone office: +358-9-1918058
phone home: +358-9-8094838
email: Ms.hannul@bulsa.helsinki.fi




viii

List of Participants

Kirsti Hoskonen

Varkaus Secondary School

Sinikka Huhtala

Jyvaskyld Institute
of Social and Health Care

Iris Kalesse

Universitédt Duisburg
Fachbereich Mathematik

Ingrid Kasten

Universitat Duisburg
Fachbereich Mathematik

Erika Kuendiger

University of Windsor
Faculty of Education

Pekka Kupari

University of Jyviskyld
Institute of Educational Research

Sinikka Lindgren

University of Tampere
Department of Teacher Education

Kumputie 7

FIN 79700 Heinévesi (Finland)
phone home: +358-17-562207
email: kirsti.hoskonen@helsinki.fi

Mustikkasuonkatu 6.E

FIN 44120 Adnekoski (Finland)
phone office: +358-14-4445362
fax office:  +358-14-4445300
phone home: +358-14-523865
email: huhsi@jypoly.fi

Miilheimerstr. 56
D 47057 Duisburg (Germany)
phone home: 0203-357923

Gartenstr. 14
D 48301 Nottuln (Germany)
phone home: 02502-8972

Windsor N9E 1A5 (Canada)

phone office: +1-519-253-4232 (-3800)

fax office:  +1-519-971-3612
phone home: +1-519-966-7680
email: erika@uwindsor.ca

PB 35

FIN 40351 Jyviaskyld (Finland)
phone office: +358-14-603278
fax office:  +358-14-603201
phone home: +358-14-3782237
email: kupari@piaget.jyu.fi

Erottajankatu 12

FIN 13100 Hameenlinna (Finland)
phone office: +358-3-6145243

fax office:  +358-3-6145273
phone home: +358-3-6533484
email: hosili@uta.fi

List of Participants

Carmen Mallon

Universitdat Duisburg
Fachbereich Mathematik

Christoph Oster

Universitdt Duisburg
Fachbereich Mathematik

Erkki Pehkonen

University of Helsinki
Deptartment of Teacher Education

Martin Risnes
Molde College

Christiane Romer

Universitét Duisburg
Fachbereich Mathematik

Hans-Joachim Sander

Hochschule Vechta
FB 1

Siegbert Schmidt

Universitit zu Kéln
Seminar fiir Mathematik
und ihre Didaktik

Ringstr. 115

D 47475 Kamp-Lintfort (Germany)
phone home: 02842-3202

email: mallon@uni-duisburg.de

Edithweg 15
D 46537 Dinslaken (Germany)
phone home: 02064-59787

PB 38 (Ratakatu 6A)

FIN 00014 Helsinki (Finland)
phone office: +358-9-1918064

fax office:  +358-9-1918073
phone home: +358-9-7773709
email: epehkonen@bulsa.helsinki.fi

Box 308

N 6401 Molde (Norway)

phone office: +47-712-14207
fax office:  +47-712-14100
phone home: +47-712-11794
email: martin.risnes@himolde.no

Alte Str. 26
D 45481 Miilheim (Germany)
phone home: 0208-425031

Postfach 15 53

D 49364 Vechta (Germany)

phone office: 04441-15-221

fax office:  04441-15-453 (-444)
phone home: 04441-83621

email: achim.sander@uni-vechta.de

Gronewaldstr. 2

D 50931 Kéln (Germany)

phone office: 0221-470-4751 (-4749)

fax office:  0221-470-4985

email: schmidt.ezw.uni-koeln.de@ewbibl.ezw.uni-
koeln.de




List of Participants

Designing Qualitative Research 1

Jeppe Skott

The Royal Danish School
of Educational Studies
Department of Mathematics

Dietlinde Stroop

Giinter Torner

Universitéit Duisburg
Fachbereich Mathematik

Bernd Zimmermann

Universitit Jena
Fakultit fiir Mathematik
und Informatik

Emdrupvej 115B

DK 2400 Copenhagen (Danmark)
phone office: +45-3969-6633 (-2684)
fax office:  +45-3969-6626
phone home: +45-31863806

email: skott@dlhl.dlh.dk

Hopfenweg 6

D 33102 Paderborn (Germany)
phone home: 05251-310759
email: diet@uni-paderborn.de

D 47048 Duisburg (Germany)

phone office: 0203-379-2667 (-2668)
fax office:  0203-379-3139

phone home: 02041-93876

email: toerner@math.uni-duisburg.de

Ernst-Abbe-Platz 1-4

D 07743 Jena (Germany)

phone office: 03641-638653

fax office:  03641-638654

phone home: 04181-8842

email: bezi@mathematik.uni-jena.de

Peter Berger

Designing Qualitative Research

Experiences and Suggestions

Introduction

This paper contains some reflections on qualitative social research, based on the author’s
own experience with investigating the belief systems of teachers concerning computers and
computer science applying qualitative methods. The aim of the paper is far beyond providing
a comprehensive overview of qualitative methodology or a philosophy of the ‘qualitative
paradigm’. It is rather aimed at giving some suggestions that might be useful to a novice re-
searcher planning his or her doctoral dissertation within the framework of qualitative re-
search. The interested reader is referred to the publications by Tesch (1990), Lincoln & Guba
(1985) and Mayring (1993).

What is qualitative research? At present, the only generally accepted statement seems to be
that “qualitative research means different things to different people” (Tesch) and there is little
evidence that this will change in near future. What we can say, is “that since the 1970’s more
and more researchers have become interested in a ‘new paradigm’ that moves us away from
numbers and back to asking people questions and to observing” (Tesch). Although differently
labelled as qualitative, naturalistic, ethnographic, interpretative, phenomenological, subjec-
tive, hermeneutic, etc., these approaches share certain basic beliefs about the status and func-
tion of research in the human sciences and about how it should be done. It is possible to un-
derstand these basic beliefs by having a look at their antagonist positions, i.e. the ‘quantita-
tive’ and the ‘positivist’ positions.

Aspects of the ‘qualitative paradigm’

The transition from the pre-scientific to the scientific period at the end of the Middle Ages
may be described as a change of the ways in which questions were answered. To get answers,
more and more people preferred putting questions to nature rather than to authorities such as
Aristotle and Albertus Magnus. The success of the new empirical approach, i.e. analysing
nature by disassembling and dissecting, which vigorously changed even the thinking about
the nature of reality and knowledge, owed a great deal to the power of quantitative methods,
i.e. modelling reality by counting and measuring. Under the leading metaphor of numbers,
mathematics in a long process changed its role from a successful instrument to the actual
‘language of knowledge’, a generally accepted epistemological authority. In fact, during the
development of the natural sciences, the original empirical paradigm was more and more
shaped to be a quantitative paradigm.

The ‘objectivity” of the results gained in the natural sciences also incited, from an early
stage onwards, the human sciences to imitate the successful model and to assimilate their own
paradigms. With the one exception of anthropology, many researchers in human sciences for
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a long time believed only those phenomena to be explorable and accessible to scientific in-
vestigation that could be measured. While the only accepted non-numerical instruments had
been the ‘case studies’ in psychology and the ‘participant observations’ in sociology, most
work had been done by applying the tool kit of statistics.

Unfortunately, not many phenomena in the human world come naturally in quantities. [...] Sigmund
Freud discovered plenty about the way human beings function, and so did Jean Piaget. Neither of them
tested hypotheses, or used large and representative enough samples of people to satisfy the rules of statis-
tics. Yet they both made important assertions about human beings and created many psychological con-
structs for use in the description of their theories. Freud employed a perplexingly simple way of finding
out why people acted and thought or felt the way they did. He asked them. Sometimes they didn’t know.
Or they were ashamed to tell, or they were afraid to acknowledge the matter to themselves. So Freud ob-
served. [...] When we ask questions about human affairs, the responses come in sentences, not numbers.

(Tesch 1990, pp.1-2)

On a methodological level, qualitative research can be defined as non-quantitative re-
search. Here, analysis is the descriptive and interpretive process of making sense of ‘number-
less’ data, which we may call narrative or textual. While quantitative research is based on the
‘monolithic concept” (Tesch) of statistics, qualitative research has a wide spectrum of non-
codified procedures developed by psycholinguistics, communication research, educational
psychology, and cognitive science.

Basic beliefs about ...
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The authors point out that in natural or human sciences research “has passed through a
number of paradigm eras, periods in which certain sets of basic beliefs guided inquiry in
quite different ways”. The main periods are called the pre-positivist era, ranging over a period
of more than two thousand years from Aristotle to David Hume, the positivist era, and the
post-positivist era. From today’s perspective, the mere titles of the periods illustrate the per-
vasiveness and predominance of the positivist approach.

Critics always owe a great deal of their ideas to what they criticise, and even the followers
of a new paradigm should be aware that they are ‘standing on the shoulders of giants’, i.e. on
those of the successful adepts of the old paradigm. '

Characteristics of qualitative research

Tesch (p.2) points out that “conducting scientific investigations is not a matter of following
recipes. Research does not take place in a neutral environment. It is guided by assumptions
about the nature of knowledge, and it has political antecedents and consequences.” As impli-
cations of the post-positivist axioms for doing research, Lincoln & Guba (pp. 39-43) list
fourteen characteristics of operational qualitative (naturalistic) research. the central aspects of
which will be quoted in the following:

Natural setting. N (the naturalist) elects to carry out research in the natural setting or context of the entity
for which study is proposed because naturalistic ontology suggests that realities are wholes that cannot be
understood in isolation from their contexts, nor can they be fragmented for separate study of the parts (the

Positivist Paradigm

Naturalist Paradigm

the nature of reality

the relationship of the
knower to the known
the possibility of gener-
alisation

the possibility of causal
linkages

the role of values

Reality is single, tangible, and
fragmentable.

Knower and known are inde-
pendent, a dualism.

Time- and context-free gener-
alisations (nomothetic state-
ments) are possible.

There are real causes, tempo-

rally precedent to or simulta-
neous with their effects.

Inquiry is value-free

Realities are multiple, con-
structed, and holistic.

Knower and known are inter-
active, inseparable.

Only time- and context-bound
working hypotheses (idiogra-
phic statements) are possible.

All entities are in a state of
mutual simultaneous shaping,
so that it is impossible to dis-
tinguish causes from effects.

Inquiry is value-bound.

Table 1. Positivistic vs. qualitative (naturalist) basic beliefs (Lincoln & Guba 1985)

whole is more than the sum of parts); [...]

Human instrument. N elects to use him- or herself as well as other humans as the primary data-gathering
instruments (as opposed to paper-and-pencil or brass instruments) because it would be virtually impossi-
ble to devise a priori a nonhuman instrument with sufficient adaptability to encompass and adjust to the
variety of realities that will be encountered; [...]

Utilization of tacit knowledge. N argues for the legitimation of tacit (intuitive, felt) knowledge in addition
to propositional knowledge (knowledge expressible in language form) because often the nuances of the
multiple realities can be appreciated only in this way; [...]

Quair‘tative methods. N elects qualitative methods over quantitative (although not exclusively) because
they are more adaptable to dealing with multiple (and less aggregatable) realities; [...]

Purposive sampling. N is likely to eschew random or representative sampling in favour of purposive or
theoretical sampling because he or she thereby increases the scope or range of data exposed (random or
representative sampling is likely to suppress more deviant cases); [...]

Inductive data analysis. N prefers inductive (to deductive) data analysis because that process is more
likely to identify the multiple realities to be found in those data; because such analysis is more likely to
make the investigator-respondent (or object) interaction explicit, recognisable, and accountable; [...]

Grounded theory. N prefers to have the guiding substantive theory emerge from (be grounded in) the data
because no a priori theory could be possibly encompass the multiple realities that are likely to be en-
countered; [...]

From a pragmatic point of view, qualitative research may be seen as a widening of the rep-
ertoire of research instruments and perspectives rather than as a change in research paradigms.
And in fact, analyses are often performed by combining quantitative and qualitative methods.

From a more rigid philosophical point of view, however, there is every indication that the
appearance of qualitative approaches complies with the characteristic features of a general
change in research paradigm. Lincoln & Guba describe, from ontological and epistemological
perspectives, the qualitative (naturalist) paradigm as a post-positivist paradigm with a funda-
mental change of basic beliefs about the nature of reality and of knowledge (cf. Table 1).

Emergent design. N elects to allow the research design to emerge (flow cascade, unfold) rather than to
construct it preordinately (a priori) because it is inconceivable that enough could be known ahead of time
about the many multiple realities to devise the design adequately; [...]

Negotiated outcomes. N prefers to negotiate meanings and interpretations with the human sources from
which the data have chiefly been drawn because it is their constructions of reality that the inquirer seeks
to reconstruct; [...]

Case study reporting mode. N is likely to prefer the case study reporting mode (over the scientific or
technical report) because it is more adapted to a description of the multiple realities encountered at any
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given site; because it is adaptable to demonstrating the investigator’s interaction with the site and conse-
quent biases that may result (reflexive reporting); [...]

Idiographic interpretation. N is inclined to interpret data (including the drawing of conclusions)
idiographically (in terms of the particulars of the case) rather than nomothetically (in terms of lawlike
generalisations) because different interpretations are likely to be meaningful for different realities: [---]

Tentative application. N is likely to be tentative (hesitant) about making broad application of the findings
because realities are multiple and different; [...]

Focus-determined boundaries. N is likely to set boundaries to the inquiry on the basis of the emergent fo-
cus (problems for research, evaluands for evaluation, and policy options for policy analysis) because that
permits the multiple realities to define the focus (rather than inquirer preconceptions); [...]

Special criteria for trustworthiness. N is likely to find the conventional trustworthiness criteria (internal
and external validity, reliability, and objectivity) inconsistent with the axioms and procedures of natural-
istic inquiry. Hence he or she is likely to define new (but analogous) criteria and devise operational pro-
cedures for applying them. [...] it is worth noticing that the conventional criterion of internal validity fails
because it implies an isomorphism between research outcomes and a single, tangible reality onto which
inquiry can converge; that the criterion of external validity fails because it is inconsistent with the basic
axiom concerning generalizability; that the criterion of reliability fails because it requires absolute stabil-
ity and replicability, neither of which is possible for a paradigm based on emergent design; and that the
criterion of objectivity fails because the paradigm openly admits investigator-respondent (or subject) in-
teraction and the role of values.

follow his or her own ways and not to listen to others’ advice. It is a question of economy to
provide a list of subjective research guide-lines by extracting the texts according to personal
needs. Far from being a recipe, such guide-lines may serve as landmarks of orientation. Per-
manent re-arrangements and re-formulations of the list according to the growth and change of
experiences will accompany the research process and establish it as a permanent process of
reflection. The author’s guide-lines took the form of the following ‘decalogue’ (cf. Table 2).

dinosaur belief system

A novice researcher, at the stage of planning his or her own work, will usually be looking
for orientation. Within the framework of quantitative research, orientation will be sufficiently
provided by applying the ‘codified recipes’ of statistics.

I Whatever the research questions may be - all research is focused on and
aimed at subjects, i.e. human beings.

Il The research subjects should be observed in their natural environment.
i All research is based on individual cases.

v Generalisation of results can never be done by applying a general
method; generalisation in any individual case requires individual argu-
ments.

Vv Establishing results in any case requires interpretation.
VI All interpretation must be based on exact and comprehensive description.

Vil The research process has to be open for changing and developing both
the research questions and the research methods.

Vil Each change or development in the research process must be exten-
sively justified and documented.

IX All analysis is constructed by the researcher; all analysis requires an in-
trospection (self-analysis) of the researcher.

X All research is interactive — it changes both the research subject and the
researcher.

Table 2. Personal ‘decalogue’ of qualitative research

fossil interview
excavation video tape
preparation transcription

With qualitative research, however, matters are different as recipes are obsolete. The more
texts on qualitative research the newcomer consults, the more similar but miscellaneous as-
pects will be explicated and the more often he or she will be confronted with the advice to

authentic - fragmentary - present

i
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hypothetical - complete - present

Figure 3. The ‘palaeontology paradigm’

Exploring belief systems by interviews

To start with an anecdote from an interview with a teacher: “You are teaching both
mathematics and computer science. Do you prefer one of those subjects?” — “No. Definitely
not. No.” The respondent seemed to have a clear self-concept as a teacher. With a question-
naire, things might have been clear at this point, however, it was an interview and after giving
a detailed explanation of his view of the two subjects for about ten minutes, the respondent
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ended with the remark: “All that you simply can’t do in math classes and that’s why I so tre-
mendously like to teach computer science.”

The teacher apparently did not realise a contradiction, and in fact, there was none. It was
only a normal inconsistency of conscious and subconscious attitudes which became evident,
or in terms of beliefs, between a ‘surface belief” (I do not prefer any of my subjects) and a
‘deeper belief” (I tremendously like to teach computer science).

Interviews provide an appropriate method of gathering data within qualitative research. In
her above quoted statement referring to Sigmund Freud, Tesch emphasised the techniques of
asking and observing. Both are put to use in interviews. Even what the interview partners will
not tell can be made accessible for observation by a thorough discourse analysis.

Exploring belief systems has some analogy with doing research in palaeontology (cf. Fig-
ure 3). What we are looking for, i.e. a person’s belief system, may be authentic and complete,
but it is hidden, just like a dinosaur. The only thing accessible to us is a fossil, an authentic
and present, but fragmentary approximation to the original, an imprint or mark left by the
original. So is the interview. After excavation and preparation, video taping and transcription,
modelling of the original will be possible in some cases by the aid of reconstruction or inter-
pretation. The model that we construct may be complete and present, but unfortunately it will
be hypothetical. The fact that beliefs did not die out is of little help. We will never be able to
lay our hands on a belief, as we will never encounter a dinosaur. They may both be real, but
nevertheless they are just mental constructs.

Data gathering: interviews

Interview-based beliefs research can be organised according to a six-phase model:

Phase 1. Developing research questions

Phase 2. Developing interview techniques (adapting the ‘human instrument’)
Phase 3. Interviews (data gathering)

Phase 4. Transcriptions of the interviews (data processing)

Phase 5. Interpretation (data evaluation)

Phase 6. Writing a paper

According to the research characteristics described by Lincoln & Guba, adapting the hu-
man instrument and allowing the research design to emerge may be realised by an occasional
backtracking between or by the combination of phases. Especially for novice researchers, sub-
structuring the interview phase (or combining phases 1-3) will give way to both refining the
research questions and to improving the interview techniques. With the author’s own research
project, the following sub-structure has proved to be well-suited for the purpose (cf. Figure 4).

The preliminary set of interviews provides the researcher with an empirical basis for de-
signing the main set, i.e. a ‘pool of themes and topics’ and experience of what respondents
will bring up on their own account. It allows to standardise the catalogue of interview ques-
tions of the main set without risking the loss of relevant information. At the same time, it of-
fers the opportunity of training the researcher’s skills in conducting interviews.

Within the framework of qualitative research a questionnaire may serve as an instrument of
‘incubation’ which prepares the respondents for the interviews. Qualitative inquiry is not

Designing Qualitative Research T

aiming at taking the respondent by surprise. An interviewee who is familiar with the project’s
topics is preferable by all means.

preliminary set

9 interviews (2 hours)
open - unstandardized

| |
5 v
standardization g questionnaire
»incubation«
¥ ]
main set

21 interviews (1-1.5 hours)
open - standardized

Figure 4. Sub-structuring the interview phase

Data processing: transcriptions

To guarantee a high degree of authenticity of the empirical data yielded by the interviews,
those should preferably be video taped. Audio taping should be used only if demanded by cir-
cumstances. In any case, the taped interviews have to be transcribed.

Producing interview transcriptions means an arduous and lengthy work. The transcriptions,
however, are necessary because written texts allow easier handling, documentation, and
analysis of the interviews than video tapes would do.

Video taped interviews have their own ‘dramaturgy’ which may

e restrict the researcher’s view
capture the researcher’s eye
guide the researcher’s understanding
direct the researcher’s attention to surface information
make the researcher watch the respondent’s statements, failing to notice what
she or he does not say
e seduce the researcher to be passive (consuming), instead of being active (ob-

serving, analysing).

The same may apply to simply reading transcriptions as a whole text. As a thorough analy-
sis of the interviews requires a detailed exploration from various points of view, transcriptions
should, for interpretational aims, be processed in manifold ways. This can be done by re-
arranging and re-structuring the transcribed texts, for instance by sampling or extracting
quotes referring to a certain topic (cf. Data evaluation: interpretation).

The transcriptions will consist of about 35'000 characters per hour of interview, however,
transcribing means more than just typing — as is shown by the mere fact that punctuation may




8 Peter Berger

Designing Qualitative Research 9

clarify or deform the original. Transcriptions have to be produced with a very high degree ac-
curacy and, moreover, repeatedly require proofs of the consistency of the transcribed text (in-
ternal text control) as well as verification of the text on the basis of the video tapes (external
text control) as shown in Figure 5.

interview

video tape [

:; verification
g4+ transcription i

&
a8
consistency :
¢

g 1 i
AT A T

i

Figure 5. The process of making interview transcriptions

The cycles of consistency test and verification are the main instruments of approximating
the transcription to the original interview. Yet, for economical reasons, one is bound to cut
short these processes (after some cycles of verification and consistency testing) and to take
the transcriptions as a basis for evaluation.

Although the transcription and interpretation phases should not be merged, even transcrip-
tion may occasionally require some interpretation (because of insufficient intelligibility, audi-
bility, and clearness of the respondents’ statements). It should therefore be done by the re-
searcher him/herself rather than by a typist (this holds especially for the process of verifica-
tion).

Data evaluation: interpretation

The qualitative paradigm has some vital affinities to another set of powerful new ideas, i.e.
the concept of radical constructivism. The constructivist approach provides ways of better
understanding the nature, origin and development of knowledge. It may help the researcher to
deeper conceive the respondents’ ideas — and even improve the researcher’s introspective in-
sight into his own understanding. For a short outline of some basics of constructivism we
quote from Noddings (1990, p.7):

Constructivism is a popular position today not only in mathematics education but in developmental psy-
chology, theories of the family, human sexuality, psychology of gender, and even computer technology.

[...]

Constructivism may be characterized as both a cognitive position and a methodological perspective. As a
methodological perspective in the social sciences, constructivism assumes that human beings are knowing
subjects, that human behavior is mainly purposive, and that present-day human organisms have a highly
developed capacity for organizing knowledge. These assumptions suggest methods — ethnography, clini-
cal interviews, overt thinking, and the like — specially designed to study complex semi-autonomous sys-
tems.

As a cognitive position, constructivism holds that all knowledge is constructed and that the instruments of
construction include cognitive structures that are either innate or are themselves products of develop-
mental construction.

At current constructivist discourse, various conceptual differences are discussed. However,
there is agreement about the following (Noddings, p.10):

1. All knowledge is constructed. Mathematical knowledge is constructed, at least in part, through a
process of reflective abstraction.

2. There exist cognitive structures that are activated in the process of construction. These structures ac-
count for the construction; that is, they explain the result of cognitive activity in roughly the way a
computer program accounts for the output of a computer.

(%)

Cognitive structures are under continual development. Purposive activity induces transformation of
existing structures. The environment presses the organism to adapt.

4. Acknowledgement of constructivism as a cognitive position leads to the adoption of methodological
constructivism.

a. Methodological constructivism in research develops methods of study consonant with the assump-
tion of cognitive constructivism.

- b. Pedagogical constructivism suggests methods of teaching consonant with cognitive constructivism.

The research process of asking and observing people, of interviewing and interpreting, is
structured in phases for methodological reasons. The phase model, however, involves the risk
of what we may call a ‘methodological routine-blindness’. The research stages person, inter-
view, video tape, transcription, and interpretation form the layers of a more and more con-
structed reality (cf. Figure 6). To prevent blindness, it will be necessary to keep the research
subject in view, i.e. the human being. And that means to ‘keep the layers transparent’ and to
conceive of the stages as facets of a whole with multiple realities.

person |

interview |

video tape |
transcription |
interpretation

Figure 6. Layers of a constructed reality

To provide an introduction to the art of interpretation would be far beyond the scope of this
paper. In the following, we therefore confine ourselves to giving some technical hints. For a
general survey of hermeneutics, the reader is referred to the profound publications of Beck &
Maier (1994), Oevermann (1986), Oevermann et al. (1979), and Titzmann (1993); a deep un-
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derstanding of the process of interpretation is provided by the work of the French philosopher
Paul Ricceur (Ricceur 1975 & 1985).

The processing of the transcription texts mentioned above can be described as ‘cutting’ it
from one context and ‘pasting’ it into another, according to Marton (1986, p.43): “Each quote
has two contexts, [...] first the interview from which it was taken, and second, the ‘pool of
meanings’ to which it belongs.” From a more formal point of view, these operations are re-
ferred to as de-contextualization and re-contextualization (cf. Figure 7). They provide one of
the main techniques of interpretational qualitative analysis.

U

total of all interviews extract

Figure 7. De-contextualization (1) and re-contextualization(2)

Especially with standardised interviews, extracts from the total of all transcriptions will
allow the researcher to re-read the original interview texts. The ‘multiple realities’ encoun-
tered in an interview will often only surface when the perspective of observation is changed,
e.g. by analysing a quote within a new, but relevant, context. At the most basic level, the ex-
tracts take the form of a whole transcription (‘vertical extract’, cf. Figure 8).

-
B i o

Person A Person B Person Z

Figure 8. Vertical extract

The second type of extracts is provided by sampling all the contributions to a specific
question (‘horizontal extract’, cf. Figure 9). This can easily be done with a computer by using
the standard ‘cut’ and ‘paste’ features of text programs.

Designing Qualitative Research 11

The third type of extracts (‘discrete extract of keywords’, cf. Figure 10) consists of all tran-
scription contexts containing a certain keyword. This, too, can be done by a text program,
using the standard features of ‘searching’ and ‘sorting’. All those procedures can be auto-
mated by macros.

Person A Person B Person Z

PRERTARG
2,

Figure 9. Horizontal extract

These three varieties of extracts can be sampled by simple syntactic operations (pattern
matching). Yet one of the most important principles of interpretive discourse analysis requires
extensive semantic operations and can therefore not be automated, or at the utmost only par-
tially, i.e. here we encounter the principle of exhaustion. To gain a profile of the respondents’
views concerning a certain topic, all meaning units (statements, phrases, etc.) referring to this
topic have to be sampled. Following the maxim that no meaning unit is meaningless, each in-
stance has to be found and registered. Interpretation has to consider each single instance by
assigning it to at least one ‘interpretational category’. As meaning units are semantic, and not
syntactic, entities, this requires a thorough non-automated interpretation by the researcher.

Person A Person B Person Z

s _ SR

) . it
e '
R i R

Figure 10. Discrete extract

So there is a fourth, and most important, type of extracts, the ‘discrete extract of meaning
units’, which demands all the interpretive skills and creativity of the (human) researcher.
Computers may often increase or even encourage human creativity — however, it is one of the
author’s conscious and deeply rooted beliefs that before he will see a computer doing qualita-
tive research he will encounter a dinosaur.
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The Mathematical World Views: The Case of
Cypriot Middle School Students (Grades 6-9)

Introduction

Studies of affective issues have always been central to the goals of mathematics education,
since students’ beliefs about mathematics affect their enthusiasm for studying the subject and
their decision whether they will continue on to more advanced studies in the field. One major
concern of research on beliefs was the quality of the instruments that were being used. A par-
ticular problem of the use of such instruments was the difficulty of finding adequate explana-
tions of the relationship between beliefs and achievement as well as the causal relationships
among them.

A recently published article (Pehkonen, 1996) reported on the development of an instru-
ment by Zimmerman and Pehkonen for measuring student beliefs concerning the teaching of
mathematics in different countries. According to Pehkonen (1996), an individual’s belief
system is divided into four main categories: Beliefs about Mathematics, beliefs about oneself
within Mathematics, beliefs about Mathematics Teaching, and beliefs about Mathematics
Learning. These main categories of beliefs are also reflected to a certain degree in the Zim-
merman - Pehkonen questionnaire. In this article we focus on the cognitive level of the belief
system, assuming that the subjective knowledge of mathematics and mathematics teaching
and learning embraces the above mentioned categories of beliefs. Specifically, the main goals
of this study are:

1. To determine whether the Zimmerman - Pehkonen instrument can identify the cognitive
level of the students’ belief system.

2. To explore Cypriot students’ “mathematical world views”.

3. To find out the differences (if any) among students with regard to some personal char-
acteristics such as their sex, grade level, and type of school (urban vs. rural).

Theoretical Background of the Study

The prevailing ideals of the nature of mathematics and the superordinate basic philosophies
about the teaching and learning of mathematics can be classified into two categories, namely
the static and the dynamic. From the static point of view, mathematics is an abstract structure
of knowledge, which consists of accumulated rules, formulas, terms, and algorithms. Conse-
quently, the learning of mathematics is seen as the application of definitions, facts and proce-
dures, and of logical, formal deduction to verify hypotheses and systematize results. Hence,
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students must be provided with “ready” or “prepared” knowledge, and what is needed from
them is to memorize and re-produce facts, and apply rules in order to solve problems.

This contrasts with the notion of mathematics derived from the dynamic point view ac-
cording to which mathematics is an active way of thinking about problems and reaching con-
clusions. Students, from this point of view, need to invent and re-invent mathematics by un-
derstanding facts and making connections to previously discovered principles. Re-inventing
mathematics means developing the ability to do mathematics, which is the actual goal of
teaching the subject. Mathematics is neither only memorization and application of definitions,
formulas, facts and procedures, nor is it drill and practice.

Definitions of beliefs include one’s subjective experience which is based upon implicit
knowledge of mathematics and its teaching and learning (Pehkonen, 1997). The spectrum of
an individual’s beliefs is very wide, and form a structure with multiple components, which in-
fluence each other. The individual’s belief system consists of three components: cognition, af-
fection, and action (Grigutsch, Raatz, & Tormer, 1997). The cognitive component can be con-
sidered as the subjective. knowledge of mathematics, the affective component refers to the
emotional relationship with mathematics, and the action component is relevant to the readi-
ness or tendency of a person to act in a certain manner. Thus, beliefs towards mathematics
constitute a very complex and multi-layer system that enables individuals to find orientation
in their environment. In this way, we assume that there is a hypothetical construct “world of
beliefs”, which is a system of beliefs towards mathematics. There are two levels from which
we can gain information about the “mathematical world views” of students. The first source
refers to the information that can be gathered from students’ expressions on single belief
items, and the second refers to the information that can be inspired by the relationships among
single belief items. Our research focuses on the overall spectrum of “mathematical world
views”, and not on separate items.

In this study we emphasize on the identification of the structure of students’ beliefs and
views towards mathematics, since the establishment of the mathematical world view of stu-
dents constitutes the foundation for the emergence and the development of belief factors as
well as the changes in the system of their beliefs. In addition, students’ beliefs may be con-
nected with their learning behavior and the way they are learning and doing mathematics
(Thompson, 1991). In many situations, students who think of mathematics from the static
point of view will be more likely to consider the memorization of facts and procedures as
more important than the comprehension of mathematical ideas and relationships, which are
mostly favored by those adhering to the dynamic point of view.

Students working with mathematics develop personal experiences that create beliefs,
which affect their future behavior, and this behavior, in turn, determines current and future
experiences. This may result in cumulative processes which sustain themselves, and thus be-
liefs can turn into a kind of self-fulfilling prophecies, which in most cases reinforce existing
beliefs. In this manner, it is assumed that there exists an interdependence among beliefs and
mathematics teaching and learning.

Taking into consideration the importance of beliefs in the teaching and learning of mathe-
matics, this study purports to investigate the “mathematical world views” of students through
the Zimmerman - Pehkonen’s questionnaire. Of course, it is not possible to describe the
complete field of “mathematical world views” of students through a single questionnaire, and
thus the present study is restricted to the cognitive level of beliefs which deals mainly with the
student beliefs towards the nature of mathematics, and consequently, towards the teaching and
learning of mathematics.
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Method

In constructing their questionnaire Zimmerman and Pehkonen assumed that the develop-
ment of students’ mathematical beliefs is based on the idea that one’s belief system consists
of five dimensions: beliefs about Self, Mathematics Content, Mathematics Learning and
Teaching (Pehkonen, 1996). Thus, we administered the Zimmerman - Pehkonen questionnaire
to determine whether a similar pattern of results would also emerge in Cyprus.

Subjects

Data were collected on 1099 Cypriot students from grade 6 to grade 9, both from urban
and rural schools, including 427 students in grades 6, 222 students in grade 7, 231 in grade 8,
and 219 students in grade 9. Table 1 gives details of the grade, type of school (urban and ru-
ral), and sex distribution of students.

Grade 6 Grade 7 Grade 8 Grade 9
Urban | Rural | Total Urban | Rural | Total | Urban | Rural | Total Urban | Rural | Total
Males 167 63 230 57 49 106 63 56 119 55 511 106
Females 143 54 197 62 54 116 66 49 112 58 55 119
Total 310 117 427 119 103 222 126 105 231 113 106 219

Table 1: The sample of the study.

Procedure

We administered the Zimmerman - Pehkonen questionnaire, which included 32 items de-
signed to measure general beliefs on the teaching and learning of mathematics. These items
were factor analyzed using Principal Axis factoring with varimax rotation. A five factor solu-
tion was identified as being the most appropriate in isolating six distinct scales relating to be-
liefs.

Analysis of variance was then used to determine whether differences in beliefs could be
predicated from the set of variables identifying characteristics such as grade, gender and
school (rural and urban).

Results

Factor Analysis

In determining how the sample matched the Pehkonen’s hypothesized belief categories, a
five factor solution resulted in the best distribution of items into identifiable subscales (The
five factors accounted for variances greater than 1, that is the eigenvalue was greater than 1).
First, the correlation matrix for all variables was computed to identify the variables that do not
appear to be related to other variables. The items 3, 4, 5, 12, 15, 18, 21, 31, and 33 of the
original instrument did not have large correlations (e.g. less than .3) with at least one of the
other variables, and thus, we excluded them from further analysis. The resulted five factors
seem to be meaningful in the sense that they describe students’ beliefs towards the learning,
the teaching, and the content of mathematics, as well as students’ beliefs about their own role
and their teachers role in the teaching-learning process.
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The first factor consists of six items (29, 23, 24, 18, 19, and 21) that are homogeneous in
content and thus it can be interpreted meaningfully as an aspect of mathematics that empha-
sizes students’ beliefs about the learning of mathematics (Table 2). This factor explained 20%
of the variance and had a correlation coefficient of .67. The negative loads in items 29 and 23
indicate that students, in general, do not conceive of mathematics learning as demanding
much effort or much drill and practice.

The second factor, with a correlation coefficient equal to .52, explained 16% of the vari-
ance, and reflected student beliefs towards the content of mathematics (items 6, 9, and 22).
All items have a positive load indicating that students believe that mathematics teaching in-
volves a wide spectrum of topics such as problem solving and calculations (Table 2).

Item Factor 1: Students’ Beliefs about the Learning of Mathematics (a=.67, ex- Load
plained variance = 20%)

29 Mathematics learning (ML) needs as much practice as possible -.55
23 ML demands much effort -43
24 In mathematics there is more than one way of solving problems 43
19 Mathematics teaching involves tasks of practical benefit 42
18 ML needs as much repetition as possible 41
21 Mathematics teaching cannot always be fun -20
[tem Factor 2: Students’ Beliefs about the Teaching of Mathematics (a=.52, ex- Load

plained variance = 16%)

6 Mathematics teaching involves drawing of graphs... .63

22 Mathematics teaching involves calculations of areas, volumes... 44

9 Mathematics teaching involves problem solving 42
Item | Factor 3: Students’ Beliefs about the Nature of Mathematics (a=.63, explained Load

variance = 14%)

7 Mathematics is a discipline that requires quick and correct answers .57
8 Mathematics is a strict discipline 47
12 Mathematics is learned by heart 40
1 Mathematics involves mental calculations 36
16 In mathematics everything is reasoned exactly =22
5 In mathematics everything is expressed exactly 16
Item | Factor 4: Students’ Beliefs about their Role in the Learning of Mathematics Load

(a=.45, explained variance = 13%)

31 Students work in small groups 57
13 Students ... put forward their own questions 45
28 Students ... construct concrete objects 43
25 Mathematics are learned through games 41
Item | Factor 5: Students’ Beliefs about Teachers’ Role in the Learning of Mathe- Load

matics (a=.52, explained variance = 12%)

26 Teacher explains every stage in detail 45
27 Students solve tasks... independently 38
15 Teacher help when difficulties arise 32
10 There is a procedure to follow 31

Table 2: The extracted factors with items and items loadings for each factor.
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There are four items connected with the third factor (correlation coefficient =.63, and ex-
plained variance=14%) that load over .4, and two items that load less than .3. All items are
homogeneous and can be interpreted as relevant to the nature of mathematics, i.e., mathemat-
ics is a subject which requires correct answers and is characterized by strictness and precision.
The first statement loads very high in this factor (.57) indicating that students emphasize the
speed and accuracy of calculations, while at the same time they seem to reject the idea of
having to give reasons or express their reasoning in answering mathematical problems or ex-
ercises (see item 16 with the negative load).

The fourth factor (correlation coefficient = .45, and explained variance=13%) can be iden-
tified as the students’ beliefs concerning their own role in the process of learning mathemat-
ics. The four items in this factor have positive loads and all of them are higher than .4. The
fifth factor (coefficient alpha = .52, and explained variance 11%) reflects students’ beliefs
about the role of the teacher in the process of teaching mathematics. All items in this factor
are homogeneous except for item 10, which also loads on the nature of mathematics factor.

The five extracted factors-learning, content, and nature of mathematics, as well as stu-
dents’ and teachers’ role in the learning of mathematics-are dimensions that are essential to
one’s “mathematical world view”. The homogeneity of the factors hints at these dimensions
and contributes to the structuring of students’ perceptions and cognitive representations of
mathematics.

Differences among students

To answer the second question of the study, i.e., whether the extracted factors can be used
to predict students beliefs in terms of their personal characteristics, we used Analysis of
Variance (ANOVA) with the factors as dependent variables and students’ sex, grade level,
and type of school as independent variables.

1.4
13-4 S
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....... Rural
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Grade 6 Grade 7 Grade 8 Grade 9

Figure 1: The interaction between grade level and type of school with students’ beliefs towards
the learning of mathematics as dependent variable.

As far as the learning of mathematics is concerned, there is a statistically significant main
effect due to the sex of students, and an interaction between the grade level of students and
their type of school. Specifically, it was found that male and female students do not have the
same beliefs about the learning of mathematics. Females (m=1.18) have more positive beliefs
about the learning of mathematics than males (m=1.25)". In addition, the interaction between
grade level and type of school (Figure 1) indicates that students in grade 6 (elementary
school) do not differ in their beliefs about the learning of mathematics. However, in grade 7

1 . . g - .
Number 1 in the Likert-type scales meant fully agreement, while 4 meant disagreement. Thus, small means in-
dicate more positive beliefs.
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students in rural schools seem to have more positive beliefs than their counterparts in urban
schools. In grades 8 and mostly in grade 9 urban students develop more positive beliefs than
rural students.

Students’ beliefs towards the teaching of mathematics were found to differ in terms of their
grade level and gender. A post-hoc analysis revealed that students in grade 6, and particularly
girls, considered mathematics as consisting of a wide range of topics such as calculations,
problem solving and drawing figures (items 6, 9, and 22). On the other hand, students in
grades 7, 8, and 9, and especially male students, viewed mathematics teaching as consisting
mainly of calculations. This may be explained by the fact that in secondary education what
receives more emphasis is the finding of the correct solution to given exercises.

2
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Figure 2: The interaction between grade level and type of school with students’ beliefs towards
the nature of mathematics as dependent variable.

The same pattern of results as with students beliefs about the learning of mathematics was
found in the case of students’ beliefs towards the nature of mathematics, i.e., a statistically
significant interaction between the grade level and the type of school as well as a significant
main effect involving the gender of the students. Figure 2 depicts that students in elementary
schools do not differ in their views about the nature of mathematics. The differences are obvi-
ous in grades 8 and 9, where urban students develop more positive views about the nature of
mathematics than rural students. These differences might be attributed to gender differences
as female students (m=1.57) begin to conceive of mathematics in a more comprehensive way
than males (m=1.67).
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Figure 3: The interaction between grade level and sex with students’ beliefs towards their own
role in the learning of mathematics as dependent variable.

A statistically significant interaction also exists between the grade level and the gender of
students concerning students’ beliefs about their own role in the learning of mathematics. The
interaction (Figure 3) indicates that students in grade 6 conceive of their role in the teaching
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of mathematics in a similar manner, while the views of male students in high school are less
positive than their female counterparts. Furthermore, students in rural schools (m=1.26) con-
ceive of their role in the teaching of mathematics in a less positive manner than students in
urban schools (m=1.18).
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Figure 4: The interaction between type of school and sex with students’ beliefs towards the role
of teachers in the learning of mathematics as dependent variable.

Students” views about the role of the teacher in the process of teaching and learning of
mathematics differ in terms of their grade level. Post hoc analysis showed that students’ be-
liefs in grades 8 and 9 are less positive than those of students in grades 6 and 7. On the other
hand, there was a statistically significant interaction between students’ gender and type of
school. Figure 4 shows that male students, independently of the type of school, hold the same
beliefs about the role of the teacher, while urban female students are more positive than fe-
male rural students.

Conclusions

The five extracted factors indicate a simple structure, and, therefore, enable us to subdivide
the set of statements into meaningful categories or dimensions. This in turn means that the
dimensions can be operationally defined, since the statements within each factor are homoge-
neous in content. In this respect, the statements probably define operationally the given fea-
ture (learning, teaching, nature, students’ role and teachers’ role), and the measuring of these
features are probably valid. Thus, the attributes learning, content, nature, students’ role and
teachers’ role in the learning and teaching of mathematics, seem to constitute dimensions,
which categorize students’ perceptions, cognitive representations, experience, and their ways
of responding to mathematics.

Even though we have extracted only five factors, we are certain that the “mathematical
world views” is a very complex construct. It certainly contains a great deal of elements and
relationships among these elements (Pehkonen, 1996). However, we assume that the five ex-
tracted factors constitute fundamental dimensions, which can characterize the subjective
knowledge of students about mathematics, independently of the complexity of the hypothe-
sized models that are under study each time.

Moreover, it seems that the five factors can be predicated by the students’ personal chat-
acteristics. Specifically, it was found that the students’ “mathematical world views” is not
homogeneous, but heterogeneous, since students have different beliefs in each of the five di-
mensions, which range from rejection to approval. Differences were found, for example,
among students in terms of their sex, type of school, and grade level. Female students as well
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as urban students seem to hold more positive beliefs towards the five dimensions than male
and rural students. In other words, it was found that males and rural students believe to a
greater degree than female and urban students that mathematics learning is a rigid, exact sub-
ject, and that it is a discipline with a need for accurate results and infallible procedures that
require repetition, memorization, drill and practice. Furthermore, it was found that female
students enjoyed mathematics more than male students and conceived of themselves as active
participants in the teaching and learning process. On the other hand, male and rural students
considered themselves as passive recipients of mathematical knowledge, and thus they per-
ceived teachers as the individuals that are responsible for transmitting mathematical knowl-
edge, and verifying that students have received this knowledge.

It was was found that there were no differences among students in elementary school
(grade 6), while these differences arise in high school. This result confirms those found in
previous studies (Fennema, & Hart, 1994), and reinforces the idea that students in high school
begin to conceive of mathematics as a discipline that requires much effort, and that mathe-
matics is made up of an accumulation of facts and rules to be used skillfully by the trained ar-
tisan in the pursuance of some external end. However, what is of most importance in the pres-
ent study is the fact that there are differences among high school students in rural and urban
schools, and that females and males differ with respect to their “mathematical world views”.
Gender differences still exist in personal beliefs concerning mathematics, but these differ-
ences favor females. What remains to be done is (a) to find out the direct effects of sex, as
well as of the grade level and type of school on students’ beliefs, and (b) to examine the direct
effects of the categories of students’ beliefs on each other and the relationships among these
categories.
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Attitudes to Mathematics in Grades 1-6

Background

During the 1980s, the interest in affective variables in mathematics education became a fo-
cus of research and many review articles were published (e.g. Reyes 1984; Pajares 1992;
McLeod 1994), focusing on attitudes towards mathematics, rather than questioning the vari-
ous components of the affective domain. However, some of the more frequently encountered
areas of interest have included understanding of emotions, attitudes and beliefs of students, as
well as of teachers, and their relation to cognitive variables. The great majority of these stud-
ies has used attitudes as a general term that includes beliefs about mathematics and about self.
In this paper attitudes refer to affective responses that involve positive or negative feelings of
moderate intensity and reasonable stability. This does not mean that the author is not aware of
the fact that there are many different kinds of mathematics as well as a variety of feelings
about each type of mathematics.

Most of the studies of affective variables in mathematics learning have focussed junior and
senior high school level. Very few studies consider early elementary school students to be of
interest, in spite of the circumstances that the students’ attitudes towards mathematics, most
probably, start their development during these early years in school. Nor does it seem to be of
any interest, during those years of schooling - or later on -, to develop any kind of ‘remedial’
program in order to equalize growing differences between boys and girls regarding attitudes
towards mathematics.

Aim of the study

That women are under-represented in occupations related to mathematics and science is,
by now, a well-known fact. You can see this as early as junior and senior high school levels
where the mathematical and/or science programs are heavily dominated by males. In an at-
tempt to equalize this difference between males and females, a few municipalities in Sweden
have initiated special science programs (remedial programs) for pre-school children. No sci-
entific evaluations have, so far, been conducted and a question bothering me has been whether
the pre-school years are the most appropriate for such a program? At what grade levels are
differences in attitudes toward mathematics noticeable? What may influence females to be
less confident than males in mathematics? Do male students send subtle messages that they,
for instance, do not trust females’ knowledge in mathematics?
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Methodology

In order to get some answers to these questions a tentative study was conducted. However,
most studies regarding sex-differences in attitudes in mathematics have focused junior high or
secondary high school level and they have shown that many students have already fully de-
veloped attitudes toward e.g. mathematics at the junior high level. In this study, focus has in-
stead been restricted to grades 1 to 6. A total of about 150 students have answered a question-
naire of attitudes in mathematics. The questionnaire is a Swedish version of the Fennema-
Sherman Attitude Scales, which I became acquainted with during my post doc-year at Prof.
Fennema’s department (Fennema et al. 1980). This questionnaire, demonstrating attitudes to-
wards mathematics as multifaceted rather than singlefaceted a construct, has also been used in
the 80s in some Swedish studies (Drakenberg & Mattsson 1983;1984;1988) and I have also
noticed the use of the Scales in Finnish studies (i.e. Malmivouri 1996).

The items used in this study was thus adapted to Swedish speaking circumstances and fo-
cused upon students’ beliefs about their weaknesses and strengths in mathematics, usefulness
of mathematics, mathematics as a male domain and cooperation with other students. In re-
sponding to the different statements the students had to choose between fully agree, partly
agree, hesitant or fully disagree. The data, in this study, was collected this spring semester in a
Finnish elementary school during a normal lesson in mathematics. I am very grateful to the
students, teachers and their principal for their positive interest and cooperation.

At this state of the research the data collected has been analyzed in the simplest possible
ways, i.e. only analyses of means have been used in order to get a general idea about the stu-
dents’ beliefs, their development and gender differences, if any. The ways of analyses can be
considered justified due to the character and main purpose of the study, i.e. a tentative study
conducted to give some hints about the origin and the development of elementary school stu-
dents’ attitudes and beliefs towards mathematics.

Results and discussion

The items in the questionnaire have been organized into themes and the results will be pre-
sented and discussed following these themes: Attitudes towards the subject; Confidence ; Per-
ceived usefulness; Work methods; and Boys’ attitudes towards girls’ knowledge in mathe-
matics.

Attitudes towards the subject.

U.S.-reports (e.g. Dossey et al. in McLeod 1992) have indicated that there is a general de-
cline in the percentage of students who say they enjoy mathematics as they proceed through
school. Also students in other countries show little enthusiasm for mathematics as they prog-
ress through school (see e.g. Foxman et al. in McLeod 1992).

All the students in this study, independent of grade level, considered mathematics to be a
very important subject although it did not belong to their favorites or to the subjects they liked
the least. In their responses the students also indicated that they found mathematics neither
enjoyable nor interesting. As seen in Figure 1, girls from grade 3 to grade 6 indicate that their
interest in mathematics is continuously declining the more they learn. I think this is serious,
telling us that something has to be done about the content of mathematics during these years
in order to catch the interest of the girls. Analyses of mathematics and science studybooks

have shown that there are too seldom female-related tasks in these books that could make the
girls feel familiar with the circumstances described in those tasks.

- Girls

Grade level

Figure 1. Boys’ and girls' interest in mathematics.

Confidence in mathematics

Students’ beliefs about their competence in mathematics are an important affective factor
in mathematics classrooms, and over the years confidence in mathematics has been frequently
studied. A substantial amount of data has been collected regarding gender differences in con-
fidence when working in mathematics, but, so far, very little research has focused on how
children develop their personal beliefs about themselves as learners. Research on confidence
in learning mathematics (e.g. Reyes 1984, Reuterberg 1996) showed that in general boys tend
to be more confident and estimate their own capacity to be higher than the girls.

As many studies have already shown, also this study showed that the boys’ confidence in
mathematics is higher than the girls. Throughout the six grades in elementary school, boys
consider themselves more clever than girls, they feel they know what they are doing. They
also find mathematics easy and believe they are able to solve also the most difficult tasks. In
Figure 2 we can see that from grade 3 to 6 girls become more and more insecure in their
working on mathematics tasks and as a consequence, their interest in the subject is conti-
nously declining.

Such a difference in perceived confidence between boys and girls has also been shown to
influence the children’s intentions to seek help in the classroom. Newman (1990, 77), study-
ing elementary school children, has shown that children who believe they are competent are
likely to seek assistance when needed - the implication of which is that “those most in need of
help may be those most reluctant to seek help”. In a complementary study, Newman & Goldin
(1990), the above mentioned results are given a deepened analysis showing that girls are more
hesitant than boys to ask for help because they are so embarrassed and afraid of nagative re-
actions to their help-seeking behavior. Such reactions might lead to girls not getting adequate
help in mathematics. This may influence them in such a way that it is not very likely that they
take mathematics in school when it becomes optional.
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Figure 2. Boys' and girls' confidence in mathematics

Perceived usefulness of mathematics

All the students in this study agreed upon the statement that mathematics can be used in
many different ways and thus that it has a great variety of uses. All the students also consid-
ered it important to get a good grade in mathematics because good grades in mathematics
might lead to a good job. Most of them agreed that they would need mathematics also in their
future jobs. In two items, one located in the beginning of the questionnaire and the other at the
end, all the students are rather hesitant or fully disagree to the statement “I don’t think I will
use mathematics after I have finished the school”, see Figure 3. Fennema (1989), in summa-
rizing her results on this issue, noted that males in general reported higher perceived useful-
ness than females. This is the case also in this study, but the differences between the sexes are
not big.

3} - Boys

- Girls

Score
™

Grade level

Figure 3. The perceived usefulness of mathematics.
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Work methods in mathematics

Research dealing with mathematics learning has given increased attention to the social
context of instruction. Here, not only classroom’s social context is important, also the school
as well as the home have an effect upon students’ beliefs and their appreciation of coopera-
tion.

The results from this theme of questions showed in this study that girls are more positive
than boys when it comes to working in groups and to getting the possibility to discuss solu-
tions with their classmates, see Figure 4. To let the students discuss the math problems, their
possible solutions and solution-strategies seem to favour girls who indicate they understand
much better what they are doing. On the other hand, to work in groups can also be conceived
of as having to adjust one’s own work tempo to the rest of the group, something the boys are
not that fond of. Instead, the boys prefer a competition situation where they can work in their
own pace.

1 L

Figure 4. Cooperation in solving and discussing mathematical tasks.

In their interesting book, “The story about girls and boys”, Bjerrum-Nielsen & Rudberg
(1989) have shown that the two sexes approach the learning situation in different ways. Their
results coinside with U.S.-results, e.g. Peterson & Fennema (1985), who have been able to
show a positive relationship between, in particular, girls’ achievement and cooperation activi-
ties, while boys’ achievement is more influenced when elements of competition are present.

Boys’ attitudes towards girls knowledge in mathematics.

As early as the first grade, the boys consider themselves smarter in mathematics than the
girls and a peak is reached in grade 2, see Figure 5, where all the boys fully agreed that they
were more clever than girls in mathematics. In this grade also many boys consider the girls
who are interested, or clever, in mathematics to be “nuts”. This under-estimation of the girls’
knowledge in mathematics is further strengthened during the elementary school years, here
investigated, by the boys’ attitude never to ask a girl about the correct answers or for help in
mathematics. The predominant reason for choosing the particular helper is, according to
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Newman & Goldin (1990, 93) “the child’s perception of the individual’s competence”. Girls’
knowledge in mathematics is therefore often oversighted by the boys.

[ - L L I

0 | I 1 L 1 X
Grade lavel

Figure 6. Boys’ attitudes to girls’ knowledge in mathematics 11,

Summary

In most studies of attitudes in mathematics, junior or senior high school students have been
investigated because gender differences have been found in both attitudes and achievement in
mathematics at those school levels. But these attitudes start to develop much earlier and fur-
ther develop, in this case, through students’ personal learning experiences with mathematics.

Through these experiences the students will construct their beliefs about themselves, about
mathematics, and its learning.

In this study, it was found that the girls’ knowledge of and confidence in mathematics are
influenced negatively and they lack support already from the lowest grades in elementary
school. As a consequence, the girls’ enjoyment and interest in mathematics is continuously
declining during the elementary school years and when getting to junior high school level
many girls are less likey to take mathematics when it becomes optional, or they take only the
shortest or easiest courses.

So, according to this study, if some kind of remedial programs are to be offered they
should be carried out during the students’ first years in elementary school. However, this
study is a tentative study and inferences must be made with obvious care. On the other hand,
the correspondence of the present findings with well-established literature gives the results
some validity and the study can be considered to provide interesting information for guiding
future research.
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Giinter Graumann

Beliefs of First-Year-Students about the
Mathematical Education of Teacher Students

In April 1996 and in January 1997 among first-year-students which want to become pri-
mary school teacher I handed out several questions about mathematics education at school
and about the mathematical education of teacher students at university. Some interesting re-
sults in respect to the mathematics education at school I offered already at MAVI 3 in Hel-
sinki (see in: E. Pehkonen, Research report 170, Department of Teacher Education, University
of Helsinki 1996). Here, I want to talk about the beliefs of the students in respect to their
coming education in mathematics and didactics of mathematics.

For better understanding I must say that in the present circumstances in North Rhine-
Westphalia all students which want to become primary school teacher have to study mathe-
matics and didactics of mathematics (each topic at least 10 to 12 hours/week/semester spread
over 6 semesters). When I gave to them the questionnaire they have had only one course
about introduction into didactics of mathematics.

The questions about the mathematical education of teacher students are the following:
“What does belong to the mathematical study of future primary teacher ?

(41) Natural numbers and calculation with natural numbers

(42) Mastering fractions

(43) Concepts and theorems of elementary geometry and imagination of space

(44) to know more than only primary school mathematics

(45) ability to offer proofs

(46) reflections on mathematics

(47) to do exercises regular

(48) to have exemplarily a good look at one problem of elementary mathematics at one’s
own.

(49)  to deal with history of numbers and history of mathematics

(50) to deal only with questions in respect to didactics of mathematics
(open question) wishes and remarks about the mathematical education of primary
school teacher.”

Each question should be answered twice - first in respect to the IS-state (they think) and
secondly in respect to the ‘SHALL-state’. The scale for each answer consists of -2 (fully dis-
agree), -1 (disagree), 0 (partly-partly/undecided), +1 (agree), +2 (fully agree) and n (no an-
swer). :

The number of questionnaires with usable answers I got is 200 for April 1996 and 41 for
January 1997.
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Until now I have only worked out the answers of the questioning from January 1997. At
that time the students have had already three semesters experiences with mathematical educa-
tion for primary school teacher at the university of Bielefeld. The results of the questions (41)
to (50) are the following:
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4, Natural numbers as cardinal numbers and systems of notions for numbers
5. Fundamental concepts and problems of elementary geometry

The result in respect to this questionnaire was the following (because fluctuating total

No IS-state SHALL-state Diff.

2 | o« 0 | +1 | +2 | n o | 4 0 | +1 | 2 | n P X2
41 0 I 3 [ 20 | 16 | 1 | +1.28 0 0 1 14 | 25 | 1 | +1.60 | +0.32
) 1 5 6 | 19 9 [ 1] +0.75 1 1 7 15 | 16 | 1 | +1.10 | +0.33
43 0 0 7 | 27 | 6 | 1 | +098 0 0 5 | 17 | 18 | 1 | +1.33 | +0.35
44 0 ] 8 | 12 | 18 | 2 | +121 0 ] 7 | 21 | 8 [ 1| +0.83 | -038
45 | 2 6 | 12 | 11 | 9 [ 1| +048 7 7 [ 12 [ 11| 3 [1 -0.10 -0.58
16 | 4 4 | 14 | 14| 2 | 3 [ +0.16 1 1 5 | 19] 132 +1.08 | +0.92
47 0 1 6 | 19 | 14 | 1 | +L.15 0 0 7 | 15 | 18 | 1 | +1.28 | +0.13
48 | 2 8 | 16 | 11 | 2 | 2 | +0.08 1 2 | 13 | 16 | 7 | 2| 067 | +0.59
49 5 9 [ 11 | 13| 2 |1 -0.05 1 8 9 | 15 | 7 | 1 | 048 | +0.53
50 7 | 14 [ 11 ] 5 2 | 2 | -049 7 8 | 10 | 7 6 | 3| -008 | +0.41

numbers I always give the procentual rate):

The interpretation of these results could be the following:

1. We see (as already in MAVI 3 mentioned) that the IS-state and the SHALL-state often
differ a lot.

2. Natural numbers and elementary geometry is taught already but is asked still more. Also

mastering of fractions is asked more.

Proofs are not so much taught but still should be treated less.

Primary school mathematics is important but should be treated less.

History of numbers and mathematics is done not so often and should be done more.

Reflection about mathematics is important and should be done more.

Exercises are very important.

To work one problem at one's own ist done not so often and should be done more.

Only a few students think that their study should focus only on didactics of mathematics.

SO g0 g N B Lo

The consequences of these results can not be done in general because of the small number
of experimentees on one hand and the special situations at other universities on the other
hand. But I think hints for discussions about the mathematical education of future primary
school teacher are given.

To complete the impression about the mathematical topics I also used an additional ques-
tionnaire during my lecture (called "base course of mathematics" for future primary teacher).
The Idea for it I got from Mosel-Gobel & Stein at the GDM-conference 1996 (See in: Bei-
trdge zum Mathematikunterricht 1996, S.297-300, Bad Salzdetfurth). After finishing a topic I
asked the students how they cauld follow the lecture and if they think the lecture was good for
their later profession. The scale went from -3 (fully disagreement) to +3 (fully agreement).

The topics have been the following:

1. Types of numbers and relations between the operations
2. Basic concepts of set formalism
3. Basic concepts of relations and functions

Topic No -3 -2 -1 0 +1 +2 *3 Mean
1 28% 1.9 % 1.9% 5.7 % 28.0 % 31.3% 284 % +1.62

2 1.1% 28% 4.5 % 12.3 % 25.1% 274 % 26.8 % +1.47

3 8.7% 7.6 % 13.0 % 19.6 % 26.1% 6.5 % 18.8 % +0.40

4 2.8% 3.4% 45% 11.8 % 21.9% 26.4 % 292 % +1.43

5 23 % 23% 0% 0% 372 % 46.5 % 11.7 % +1.56

Question A: "I can follow the lecture”.

Topic No -3 -2 -1 0 +1 +2 +3 Mean
o 6.0 % 10.3 % 12.0 % 29.9 % 214 % 13.2% 7.3 % +0.19

2 4.5 % 124 % 13.5 % 33.7% 19.1 % 15.1 % 1.7 % +0.03

3 14.1 % 8.7% 15.2% 39.1% 14.1 % 3.3% 5.4 % -0.38

4 123 % 6.1 % 19.0 % 23.5 % 26.8 % 8.9 % 3.4% -0.13

5 0% 4.6 % 14.0 % 32.6 % 30.2 % 18.6 % 0% +0.44

Question B: “The lecture makes sense for my future profession”,

2,00
1,50

1,00
0,50

0,00

-0,50

These results of this questionnaire are similar to those Mosel-Gébel & Stein got: All topics
but topic 3 (relations and functions) are understandable. The proposed importance for the fu-
ture profession of the means of all topics is nearly 1.5 less. The best topic in both views is
elementary geometry.

Finally, T will give a summery about the open answers the students gave in the first men-
tioned questionnaire. For this I evaluated all tests from April 1996 and January 1997. A lot of
comments have been very similar. Therefore I built eight categories in which I distributed the
comments. The total number of evaluated tests is 241, but for getting the weight of one class I
counted the number of comments (if someone made two comments so these were counted
both). If there was no comment I counted it as one comment - because I think "no comment"
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is also a comment. The total number of all comments by this counting is 295. (This is the ba-
sis for the given percentage.)

The wishes of the students for their study now are the following:

1. No comment 126 (42.7 %)
2. Stressing references to the practice in school 41  (13.9 %)
3. Stressing didactics strongly and giving hints for teaching 41  (13.9 %)
4. Good Explanations, good structuring and self-experiences 25 (8.5 %)
5. Not so many proofs and formalistic mathematics 20 (6.8 %)
6. Information about learning ways and problems of pupils 16 (5.4 %)
7. Learning for games, pleasure and self-experience in school 16 (5.4 %)
8. Sound knowledge, logic thinking and demanding mathematics i (2.4 %)

I think, these results give us some hints for a possible conception of the mathematical
teacher education. But a detailed interpretation of these results I better let open for the discus-
sion.

Markku Hannula

Pupils’ Reactions on Different Kind of Teaching

Introduction

As a part of a research project I begun to teach mathematics in two classes. The framework
of the project was presented in MAVI-3 (Hannula, Malmivuori & Pehkonen, 1996). I tried to
imply a gender inclusive teaching based on my previous work. Guidelines for teaching have
been group-work and pupil centred and discovery learning. So the teaching was different from
their previous experience and different from their exeptions. Here I shall present some find-
ings concerning the strong reactions of the pupils in one of the classes.

Description of the class.

I begun to teach mathematics at seventh grade, which is the first grade at lower secondary
school. Situation is in many ways new to the pupils. For six years the groupings have been
fixed and they have been taught mainly by one teacher. Now they come to a new school
where lessons are taught by different teachers and even the groupings change. This mathe-
matics class was a half of a class, the other half was taught by another teacher. In my part
there were 12 girls, of whom one come from another class after six weeks. I had asked for a
girls-only group for research reasons. The pupils didn’t know that, and because the majority
of pupils in the whole class were girls, it could have been also by chance. Their advancement
in mathematics has been average or above average. Their primary grade mathematics numbers
are presented in table 1.

Number 4,50r6 7, 8 9 10 (highest)
N - 2 5 3 1

Table 1. Pupils’ primary grade mathematics numbers (scale from 4 to 10).

Methodology of this study

This article is based on two data gathering methods. First, I kept a diary. I wrote down my
feelings and the comments that pupils made during the lesson. Quotes from my diary are
marked with a date at the end (14.10.). I also interviewed eight pupils in two groups in De-
cember and two pupils again in January. These are marked with (I1) or (I2) at the end.
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Beliefs are very personal. That’s why I gave up trying to find general beliefs of my pupils,
and changed the focus to understanding beliefs of some pupils. In this article I present three
stories. First one is my story, seen from the teachers point of view. The two other stories are
pupils’ and I have presented them in Figures 1 and 2. I have chosen which parts of the mate-
rial to exclude and which to include, but I hope that the voice you hear is of those pupils, not
mine. The two pupils did equally well in tests, but their experiences in the class were differ-
ent.

In text there are some codes that need to be explained. [Text in square brackets is slightly
different from original, I have added, changed or lefi out something]. {Comments on behav-
iour or tone of speech}. {* contextual information*}. (?) means part of speech that could not
be interpreted. Beginning of simultaneous talk and interrupting are marked with a slash /.
Stressed words are written in boldtype.

My story

In the beginning everything seemed to go really fine.
Second lesson. The working climate was excellent (16.8.)
First task was to check the homework in groups. They had no need to ask me. (19.8.)

Paula has difficulties solving a task and has persistence for over 10 minutes. I try to help
her with some hints. She doesn’t accept my help at once because she wanted to try solving it
herself first.

Paula: 7 am going to understand this. (23.8.)

Mathematics lesson, group work:
Maria (comments another pupil): Yes [these lessons are fun), like last year it was only:
"Shad up!" and then we counted from the book. (28.8.)

Later on, it turns out that pupils have difficulties too.

Lots of misunderstandings in homeworks. At the end of the lesson one of the brightest pu-
pils commented: Now [ understood it all. At home I understood only half of it, now I under-
stood it all (11.9.)

There becomes more and more criticism in the classroom.

Eva {complaining}: You don't teach on the blackboard. (14.10.)

Linda: One can't know how to do these, ‘cos you haven't taught. (15.10)

Paula {replies to another pupil}: Don 't say mathematical, it makes me puke. (15.11.)

The peak of the criticism was probably, when pupils and their parents complained to the
headmaster and we had an open discussion in the class about my teaching (25.11.). I did some
changes in my teaching, and the atmosphere become better. Some pupils however kept
strongly critical approach, which caused problems for the whole class.

Anna: And [ think that Eva, she too, ought to think about her attitude, because I had simi-
lar attitude first, /

Helena: / Me too. /

Anna: / that if I didn’t learn something, 1 blamed you. But it depends quite much on what
you do yourself. And if she does only the tasks that you tell to do, and does not look for any
knowledge by herself.
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Helena: And you have no time left for teaching us others or them either, if all your time
goes for defending yourself. (11)

Helena: [ believe, that if all from our class would take it a bit more seriously, | | it might
begin to go well again. (11)

Eva is complaining that she doesn’t learn. Anna replies to her: It depends a bit on ones own
attitude too. (10.1.)

I no longer teach this class. In January I asked the headmaster weather it would be possible
not to teach this class next autumn to have more time for research. She gave me an opportu-
nity to finish it at the beginning of February.

ANNA

EXPERIENCES BELIEFS
PRIMARY GRADE SELF ESTEEM

* strain * moderate/good

* boring * not good enough

1
MOTIVATION

BEGINNING * future needs

* relief

TTITUDE

‘RR”AT'ON_ * likes mathematics

* no leaming

* disturbance

REhuor BELIEFS ON LEARNING
* understanding
* teacher teaches
-frontal

NEW ATTITUDE > -individual

* responsibity  Ngll * cooperative learning

P * (independent learning)

Figure 1. Anna’s story.

Anna’s story

At first I was so irritated...well I mean at the very beginning it was really nice, because
Jrom the first mathematics lesson I noticed, that somehow, at lower grade it was so strict, it
was somehow such a relief that I no longer needed to strain in math class'. [ | And then after
a while, some couple of weeks, it started to annoy me, that one didn’t learn anything. Well it
must have depended from my own attitude most, and I begun to feel pissed off, and I abused
you and I abused all the others and I only used bad language in the class, and I didn’t get
anything done. [ ] So I changed my attitude. I thought that it doesn’t help anything, that you

' Small numbers refer to arrows in Figures 1 and 2.
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shall be our teacher anyway and so on. So then I changed my attitude, and decided to study
more myself. : (12)

Notes in my diary confirm the process. [ had at least two notes on Anna and Helena solv-
ing problems in good co-operation (21.8. and 9.9) and one note (13.11.), where Anna’s group
didn’t do the assigned task.

Primary grade

Our teacher was quite demanding, so that she almost all the time had surprise tests, with
awfully difficult tasks, and hardly anyone could solve those. And otherwise too, that even if
you got a ten in all tests she wouldn't give more than an eight in school report if you don't
keep your hand up to almost all tasks and be otherwise active too. (11).

But it was so dry, somehow, the teaching in primary school [ |. We always went exactly ac-
cording to the book [ |. First it was taught in theory all that, and then there wasn't much
anything else, no project works or anything like. That lefi somehow awful traumas sort of. The
teacher newer even asked who would like to do some task on the board, she just commanded |
| The lessons caused awful traumas, ‘cos one always strained somehow awfully. (12)

She had quite good self-esteem in mathematics.

I: Well, Anna, do you think that you are good in mathematics?

Anna: [ don’t know. [ ] .. theory went quite easily for me, but then all word problems and
such were difficult on lower grade at least. (12)

For me it is at least so, that if you explain me something thoroughly, I do understand it, or
sort of internalise it. I mean really thoroughly, so that there are no question marks left there. |
] ... then I do remember it quite long and understand it. And then it is easy for me to solve
more difficult tasks of the same thing. (12)

Her relation to mathematics had love and hatered.
.1 have tried my homework, but then I have lost my nerves, because... heh and then I
throw the books to the wall. I've done that a couple of times. (12)

I'really like mathematics, but I just can’t have much of it done, even though I try. (12)

She had a motivation to learn mathematics for future needs.

...one of the pupils was quite lousy in mathematics at lower secondary school but the
teacher was so strict that she had done all the homework after all. And then she went to math-
specialised class in upper secondary school and it was really easy for her. But are we going

10 have it easy [ ] if it continues like this...3 (11)

She shared my ideas on teaching, at least partially.

Well, at least it has worked well, that friends have taught eachoth..sort of like, if I didn't
understand something and if | | Sara had understood, then she has always taught me, and that
has worked well. That must have been the way you meant it, that you are the last one to ask

from. (11)

[Slometimes [ think that you have given tasks [ where | we ought to figure it out ourselves.
But I think that it might be better still on the seventh grade, that you teach it first in the class,

and we practise it at home, [ ] It might work on the ninth grade, [ ] but now it seems to be
really difficult. (11)

|
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[...] ‘cos now, it has been sort of that we have had to look for the information a litile bit too
much ourselves. (12)

EVA
EXPERIENCES

PRIMARY GRADE
* friends SELF ESTEEM
* simple * low/moderate
\ TTITUDE
A
NIN ;
BEG;:,HE G \l * did like mathematics
/* no help i * does not like anymare
4’ \6
FEELING  [PROJECTS .
STUPID i [BELIEFS ON LEARNING
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Figure 2. Eva’s story.

Eva’s story

Eva was another pupil in the same class. Her story was different from the very beginning.

When I came to school first time, and we had spent some three lessons. I thought that I was
the only one not to understand anything, because I think that I wasn'’t helped too well then.
Even though I asked for help, you explained somehow strangely and left at once. I tried to be
really nice and all that, but I didn’t know anyone, and I was too shy to ask all the time. |
thought that all the others know except me, but it wasn't so. (11)

.. when we begun or when we come to school, I did try to participate in the very begin-
ning, [ ]I asked you some advise and you walked away and said "ask your group”. I didn’t
know them. For sure I dare ask them and I thought that I am the only one not to understand
anything. So 1 told my mama and papa, that I don't understand anything during the lessons,
and that I thought that you didn’t help us, at least not me. [ | that the others understand, but I
don't at all. [ ) So it just stayed that way, and I had to be silent because I was so stupid, ‘cos I
don’t understand it and all the others do. And so begun my attitude. So if you had helped me
better in the beginning, I could be somewhat more eager in mathematics. (12)

She did have some good experience too:
I like those projects, I would like to do them.5 (12)
That gave me ardour. It was really fun to do the pairwork. (12)

*
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I thought that [mathematics] was fun first, but it no longer is. (12)

Primary grades were a happy and easy time for her.
Eva: And [ remember the one lesson, when there were girls from our class, and we just
chatted and told weather we shall marry some rich man. {laughter} (I1)

Eva: We had a teacher [ ], who taught so well, that everyone got excellent marks. (11)

Her beliefs on good teaching seem to arise from a rote learning ideology. She wants to
have explicite instructions what to do.

[: How does a good teacher teach?

Eva: So, that she goes through the things so long time, that everyone understands. | | And
explains in an easy way. For example numerator and denominator — forehead and nose./
{*The Finnish words meaning numerator and forehead begin with the same letter, and de-
nominator and nose respectively.*}

Paula: /Oh, yes, numerator and denominator. I still remember it.

Eva: 4ha, me too. I wouldn't remember it until now, [ | if she {*her primary school

teacher*} didn 't teach it that way. She taught everything like that.® (11)

I: Why some learn mathematics better, or why some do it better in the tests than the oth-
ers?
Eva: They have a good memory. [ | They have followed the lessons more carefully. (12)

Eva: Weeeell you can write at least this: that I lost my nerves with those theoriical as-
sumptotes. I am through with it. [ want normal mathematics.

I: What is normal mathematics then?

Eva: So that first we do the new thing for the lesson. And that is asked from everyone in a
row. Then you give pages and everyone counts and asks the teacher if something is wrong.
Thus! (11)

Eva: For me, you must begin like this: "Here is one, here is another one. In-between there
is a plus. After the second one, there is an is-sign. Then you must add the two ones together.”

(12)
Maybe we shouldn’t do everything so independently. (11)

I: Everyone [in your class] knows the basics so well./

Eva: /I do not know! {angry, banging the floor with her feet}

Anna: Me neither. That’s the point, that | we are going too fast.

Eva: (? 7) / I can’t. You never tell that.. First when we get to a new matter, so you have
never explained it on the board. That’s annoying.

Anna: So one has to self (?) weather it was like this / or like that.

Eva: / Yes, and I hate that (12)

Her comments in the class cofirm her need for explicite instructions.
You don’t teach anything on the blackboard (14.10.)
You must tell, what must be done.(10.1.)

She does however believe that to be good in mathematics includes something more.
So that she is smart, and has sort of own things and finds [ | own solutions.(12)

Her experiences with peers are of two kinds: support and disturbance.
I think that the nicest thing was when Ursula was at our home and we counted ourselves
and I understood the whole thing and I did a whole page. (11)
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Jﬁlia: I am teaching Eva now, don't come here. (25.10)

Eva: You mean, that Anna behaves well, and I behave badly, as/
Anna: /But I didn't in the beginning behave well
Eva: I do know, that you behave well, and I think that that is good. But I just can’t help it.
Something annoys me when it just annoys me. (12)

1 try to [study well] at the beginning of every lesson, but then I am disturbed so it annoys
me. Well I don't know, ‘cos at the beginning of every lesson I try. Today I went to sit alone.
Then Paula comes next to me. And then Ursula comes there close and I can't be calm. I just

can't be.7 (12)

It annoys me, that when I got a seven in a math test, then Ursula looked [at me with a

face), that "You are so bad at math". Really. (12)

In that group I haven't got a right to say anything. They think, that whatever I say, I'm
wrong. Then in Julia’s group I might be right. It {laughter} isn't necessary right, but I have a
chance to say something... (12)

Her self-esteem in mathematics is not good.

I: Do you think, that you are good at math?

Eva: No {laughter}. [ don’t know. It like mm... depends like what you are doing, kind of or
hmm... At home, when [ face a situation, or sort of ought to understand something of mathe-
matics, so I do understand it. But then...(12)

Eva had a lot of difficulties today. She asked weather I think that she is stupid. I denied it.
Later she commented: "... even though someone thinks that I am stupid." (19.11.)

{*Another pupil gets help from her brother.*} You see, I don't have brothers. I mean my
mother doesn't... Mother doesn't... Well mother doesn’t. [ | Well if she starts to help me and |
don’t understand something, then [she would say] "Don’t you now understand this! {in Fin-
nish the expression means, that you should by now} Yak yak yak" (12)

Feelings
Eva: "I HATE [this task]!" (25.10.)
I'would like to do only enjoyable tasks. (12)

Discussion

This article was my first attempt to report my research in a qualitative way. I have learned
something during the research process and I want to share my experiences with the reader. |
hope that after reading these stories the reader will understand the processes in the pupils’
minds somewhat better.

Anna made progress in her learning skills but Eva remained in the confronting position.
They were different in many ways. Anna had an inner motivation to learn, while Eva rather
"tried to be really nice and all that." Eva was rather insecure and would have needed more
positive feedback. The group dynamics with her peers were problematic and teacher invention
would have been necessary. Anna seemed to be more ready to reflect on her actions and expe-
riences while Eva was somewhat reserved.
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Research Questions on Private Tuition in
- Mathematics

Background

As external factors influencing pupils’ environment, parents represent a significant com-
ponent of the learning process. Within the framework of research on the theory of beliefs (cf.
Pehkonen & Torner 1996), the role played by grammar/comprehensive school parents in pri-
vate tuition for the subject of mathematics is to be more closely examined. Parents’ role in the
question of private tuition is an integral part of the web of relationships between parents, pu-
pils, tutor and schoolteacher.

Research on private tuition with special regard to the role of parents is intended to clarify
correlations and influencing factors and to determine changes due to social evolution in the
results of previous work on such relationships.

The investigations will concentrate on individual aspects of the parents’ role. To this end,
video recordings of interviews are to be used. A pattern of questions for the interviews could
be derived from the process of decision-taking experienced by parents when considering the
need for private tuition. Integral parts of this process are their motivation and incentives, their
conception and expectations of private tuition, their own support and the choice of tutor.

Motivation and incentives for private tuition

Foremost is the question of the criterion for deciding to take advantage of private tuition in
mathematics. Are poor results or difficulties in learning a problem for parents? Oster (1997,
with his problem-solving model designed from the point of view of the pupil, concluded that
an increase in learning or achieving difficulties exercised a trigger function for taking action.
Are marks a decisive factor for parents? How do parents notice any learning difficulties expe-
rienced by their children? Which problems in their children’s learning process do parents no-
tice at all? Which problems do they regard as important and therefore worthy of their atten-
tion? When do parents take action? For example, do the parent/teacher meetings that take
place twice a year in the grammar schools provide the decisive “info-mart” and thus the trig-
ger for introducing private tuition? Do other factors exist in the view of parents for initialising
private tuition ? How is the decision reached? Who finally decides that private tuition is the
right answer? Do the parents promise rewards for improved results? If so, are these effective?
Previous research suggests that the choice of private tuition is somewhat embarrassing for the
parents concerned. Whereas at the elementary school level the teacher is regarded rather as a
partner and advisor, at higher levels the desire for evaluations becomes more important. The
teaching, advising, helping and supporting functions of the educator retreat into the back-
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ground, to be replaced by judging and examining functions, even the ability to determine
chances in future occupations and living standards. The atmosphere between parents, pupil
and specialist teacher can lead to secrecy, i.e. a decision for or against private tuition is taken
without the knowledge of the teacher. A more complex analysis of the criteria for such deci-
sions is not available in any research paper to date.

From the point of view of pupils, Oster (1996) decided that problems in mathematics are
mainly regarded as being their own fault. Laziness and lack of interest are seen by pupils as
the reason for low achievement levels, leading inevitably to gaps in their basic knowledge.
How do parents judge weaknesses in the achievements of their children? In their opinion,
what are the reasons for poor marks? How do they act as a result?

Parents’ conception and expectations of private tuition

The role of parents in the relationships connected with private tuition is closely tied to the
question of the parents’ conception of mathematics teaching. What conception of specialised
mathematics teaching can we anticipate when we examine the way in which they actually re-
act? What notions of mathematics teaching come to light? Which of these opinions promote,
which retard their children’s progress?

One could consider the following possibilities:

e  Mathematics is regarded as a “recipe book”.

e  Mathematics can be learned, i.e. one does not need to master mathematics, simply to
know it.

Mathematics teaching can be poor. The factors involved can be named.
More time is needed for mathematics than for other subjects.

Schools do not provide enough time for mathematics.

Success in mathematics depends entirely on learning.

Success in mathematics depends on learning methods.

Mathematics plays a significant role in future vocational training.

What effect do such parental conceptions have on private tuition? Previous investigations
(cf. Behr 1990) have invariably found that parents and pupils quote poor marks and school
performance as reasons for choosing private tuition. Competitive advantages gained over their
peers by these means are generally regarded as unjust with regard to equal educational op-
portunity.

To date, such surveys show that a decision, taken on the basis of poor performance, to pay
for tuition leads in time to an evaluation of other criteria. This is confirmed by the fact that
tuition continues even after a long period of unchanging results. More profound comments on
the individual criteria are not made and must still be investigated.

Do parents notice a major change in the behaviour of their children during a period of pri-
vate tuition? If so, where does this change occur according to the parents? Is the possible goal
quoted by Oster (1997) from the point of view of the pupils, i.e. being able to learn without
extra tuition, also the parents’ goal, or is the tutor simply a welcome substitute for the parents’
presence during homework? Do parents expect private tuition to bring about a change in the
attitude of their children to learning? In such a case, how are these changes achieved? Does
their own experience with private tuition have an effect on the tuition of their children? What
is the parents’ own conception of the private tuition? These are just some possible questions
that could be part of the framework of interviewing documentation.
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Support from parents

Another aspect of the investigation is concerned with the type and extent of any support
the parents might provide before or during periods of private tuition.

In his investigations by means of questionnaires, Behr (1990) determined that more than
50% of parents have very little or no contact to the private tutor. What do parents regard as
the reasons for this? The consequences of this lack of contact for the relationships between
the pupil, tutor and specialist teacher with regard to content, method, didactic, education and
communication will have to be more closely investigated.

One type of support provided by parents is the financing of tuition. Due to changes in the
social structure - e.g. the high degree of unemployment - parents now seem to be keen to take
advantage of private tuition to ensure that their children achieve satisfactory qualifications.
The increasing number of private tuition centres could be regarded as proof of that. Questions
then arise, however, that demand elucidating answers.

To what extent has the financing of private tuition changed over the last few years? To
what extent is the pupil’s motivation and willingness to work dependent on whether the par-
ents or the pupils are footing the bill (the pupil, for example, from pocket-money or a part-
time paid job)?

Examples of some general questions on this issue would be:

e How do parents support their children at all in learning mathematics?
e  Does the nature of their support change during a period of private tuition?

Choice of tutor

The choice of tutor also poses many questions for parents with regard to the criteria in-
volved. For example, the age, sex, and qualifications of the tutor are obviously important. To
what extent do parents choose people from the pupil’s immediate surroundings (relations, ac-
quaintances)? Why are private institutes often preferred? The influence of the availability of
individual or group teaching methods on the choice made and on the motivation and success
of the pupil must also be examined more closely.

Outlook

The present state of research on private tuition with regard to the role played by parents
therefore leaves open a wide field for the determination of interrelations and influencing fac-
tors. The use of video documentation in such work can comprehensively and authentically re-
flect the personal views of parents and has therefore been chosen as the research method in
this case.
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- Mathematical World Views of Some Seventh-
Graders

Beginning of Research

Introduction

The mathematical word view of a pupil plays an important role when the pupil is learning
and doing mathematics. The aim of my research is to find the mathematical word view of
some pupils in one seventh grade just at the beginning of the lower secondary school and then
to teach them three years. After that I will examine if the mathematical world view has
changed during the three-year teaching period. Many kinds of research methods will be used
during these three years. The research is a case study and the methods are qualitative: inter-
views, observation, written material like tests, tasks and so on, but there is also the same
questionnaire to fill both at the beginning and at the end of the research. The teacher is the
same person as the researcher. When I am teaching I try to organise my teaching so that the
pupils can study and learn mathematics in a constructivist manner.

The pupils of this study are in the seventh grade of a Varkaus lower secondary school. The
seventh-graders are thirteen years old. They come from four different primary schools. They
have started their learning at the secondary school in August 1996. The number of the pupils
is 18, of which 7 are girls and 11 are boys.

In Finland the National Board of Education has in 1996 started a new effort to raise
mathematical and scientific knowledge and know-how in Finland to the international stan-
dard. This school in Varkaus, where I teach, is one of the schools that belongs to the devel-
opment and information network. Therefore last year all the new pupils are asked if they are
interested in this effort. So many pupils were interested in it that three classes consist of them.
This class I teach is one of them. However this class consists of other pupils, too. This class
consists of pupils, who came from the Swedish-language primary school and also those whose
religion is orthodoxy. Later in autumn the pupils have told that in the primary school some
teachers had said that it does not matter if they are interested or not. So some pupils were in-
terested in order to be at the same class with his or her friend. I think that this class is a nor-
mal class in our school.

With these questions I try to find some parts of the world view:
e  What is mathematics?

What is the way of doing mathematics?

What is the way of learning mathematics?

What is the teacher’s role?

What is the pupil’s role?
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Mathematical world view of the teacher

The teacher is an important person, when the pupils form their opinions of the mathematics
as a subject. She or he is not the only person, for the parents, the relatives, the friends etc.
have an effect on them, too. However the teacher with his/her beliefs about teaching mathe-
matics influences every lesson on the pupils. Traditionally the teacher gives the pupils a book
and teaches a rule with some different examples and the pupils have to practice to get the
routine. So the pupils have to calculate the tasks, first number one, then number two, etc. To
get the right answer is the most important goal. Everybody must try to solve the tasks himself.
If the pupils do not understand, they have to memorise the rules. Later they have to do a test
so that the teacher can see, if the pupils have learned or not. Probably the pupils say that
mathematics is calculation, mathematics is boring, mathematics is memorising and mathe-
matics is difficult.

For some years ago I was the teacher with rules and routines. I tried to divide the concept
into smaller parties so that the pupils could better understand it. My experiences of teaching
were based solely on rules and routines. I have never seen how the teaching works with a con-
structivist way. I think it would be easier if I had been with in such a lesson. Now I am trying
to find a new conception of teaching. It is not easy. I know that I myself must find out what I
think mathematics is all about. I think that teaching should include rules and routines, discus-
sion and games and also open-approach problems (Thompson 1991, Lindgren 1996) or
mathematics could be a toolbox, system and process (Dionne 1984). What is the proportion
between them? I think one difficulty is in it that I have only three lessons a week, together at
most three times 38 lessons, in general three times 36 lessons a year. How can I plan my
teaching so that there are routine tasks and all sorts of problems in a convenient proportion? I
always realise that it takes much more time to get the pupils understand themselves the con-
cepts I am teaching than to give them a rule and some tasks to practice the rule.

The pupils are not used to find out things themselves either. They say to me: “You always
first give the problems and afterwards say to us, how to solve them. Why do you not teach
them first and then give us the tasks?” Although the tasks are in such an order that first they
should look at the task and its solution, then there is the beginning of another task and they
have to continue, and at last they have to do the task completely themselves. However they
say to me: “Why do you not teach the thing?” “I suppose the teacher is here in order to teach.”
“Do not say, think.” They are used to that the teacher says what to do. They are used to that
all the problems the teacher gives them to solve, could be solved with the given method. They
do not have to use their brains.

I think that different pupils need to be taught in different ways. For example in our school
in the eighth grade we have a habit of dividing the pupils of three classes into three new
groups depending of their future plans and their earlier learning. If I have to teach a group,
where the pupils are not interested in mathematics or interested in school at all, it is really dif-
ficult to get them to think themselves. On the contrary if all the pupils know that they need
mathematics in their future studying or mathematics has been easy for them, it is more prob-
able to get them together to think how to solve a problem without giving them a rule.

The pupils are used to that the teacher is the person, who tells whether the answer is right
or wrong. It is not easy for me to remember that I cannot say to the pupils in the discussion if
the answer 1s right or not. I ought to wait for the other pupils’ reaction to the answer. Some-
times when the pupils have had the possibility to decide themselves about the correct answer
the lesson has been very good. I have only directed the discussion to the right direction. Some
were impatient and said: “Why can’t you tell the right answer?” but some liked the discussion
very much.
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All my pupils sit in the class in groups of three or four pupils. When they solve problems
they are allowed to discuss with each other. But it is not the problems all of them talk about. I
think it is every possible thing except the problem some of them talk about. And then they
say: “l do not know how to solve the problem” or “I do not understand these at all”. But on
the contrary there are groups, which discuss very eagerly about the problem and argue on be-
half of their opinions. In such a group everybody tells the others, if he or she has not under-
stood something. They really teach each others.

I am trying to tell the pupils that learning is using manipulatives, playing learning games,
talking to each other, discussing other strategies to solve the problems, thinking and under-
standing, not memorising or learning by heart. Of course learning is practice, too. However |
want to show that mathematics belongs to every day life and mathematics ought to be fun,
t00.

Beginning of the study

In autumn when 1 started with my class 1 asked them to write some sentences about a
theme ’Mathematics is’. I asked them to tell, what they think mathematics is, what kinds of
things they think belong to mathematics, to mathematics lessons, to learning mathematics or
to teaching mathematics, where do they use mathematics.

The boys say that mathematics is calculating: adding, subtracting, multiplying, dividing
and geometry. Difficult problems belong to mathematics. Eight of eleven boys say that it is
boring. It is rather difficult, difficult or very difficult depending of the boy. It is complicated
and a little hard but some of them say that it is useful, important for their future life and they
will have benefit in it in jobs. One of the boys says that he do not like mathematics but no-
body says that he likes it. Nobody is good at it but one says that he manages. Two of them say
that mathematics is sometimes nice and sometimes difficult. One boy writes: “Mathematics is
nice if you have easy problems or you understand something about it and it is boring if you
have difficult problems and you do not understand anything”. The other writes: “I personally
do not like mathematics. But perhaps you find some positive things about mathematics, but
you need to look for them™.

One of the girls writes that “mathematics is calculating in different situations and it is
needed in ordinary life”. Girls say that mathematics is an important subject at school. Nobody
1s good at it but some of them like it. One girl “did not like mathematics at the beginning” but
now she knows how understands that it is important to know it, because “if you cannot do
mathematics you are in trouble”. Some say that mathematics is rather difficult but no girl says
that mathematics is boring. The girls think that “the teacher must teach well and take into ac-
count those pupils who have problems with mathematics”. “When somebody do not under-
stand she or he could take extra lessons.”

After every lesson I have made notes about the lessons, what is the subject matter, what is
the lesson like, some comments of the pupils. In autumn I tried to make a questionnaire to
find out their mathematical world view. Some of the statements are my own, some are from
different questionnaires. Many of the questionnaires are made for older students or teachers.
They were not suitable as they are. I think that the language of the statements could not be too
difficult so that the pupils could understand the statements without asking help.
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In the questionnaire there is a part with 18 sentences (Dutton, 1988; Philippou & Christou,
1996):

Mathematics thrills me and [ like it better than any other subject.

I never get tired working with mathematics

I enjoy working and thinking about math problems outside school.

I would like to spend more time at school working on mathematics.

I enjoy seeing how rapidly and accurately I can work on problems.

I like mathematics because it is practical. (1)

Sometimes I enjoy the challenge presented by a mathematics problem.

[ enjoy doing problems when I know how to do them.

9. Mathematics is as important as any other subject. (1)

10. T like mathematics, but I like other subjects as well. (2)

11. T am not enthusiastic about mathematics, but I have no real dislike of it.(3)
12. T do not think mathematics is fun but I always want to do well in it. (2)

13. I do not feel sure of myself in mathematics. (2)

14. Mathematics is something you have to do even though it is not enjoyable. (3)
15. I have been always afraid of mathematics. (1)

16. I am afraid of doing word problems.

17. I have never liked mathematics.

18. I detest mathematics and avoid using them all the times. (1)

02 el ooy A R v B e

That sentence they think to be the best suitable for them, is asked to mark with number
one, the second with number two and the third with number three. That sentence, which does
not suit at all is asked to mark with a number nought. The sentences in the questionnaire are
in this order. The most positive ones are the first and the most negative ones are the last. The
11th sentence is neutral. The number at the end of the sentence tells how many pupils have
select this sentence to be the best suitable. The total number of the pupils is 16, because one
girl has chosen many sentences and one boy did not answer the questionnaire.

Table 1 shows how the pupils have selected the sentences of the questionnaire. The num-
bers from 1 to 16 are the same as above. It is possible to see that only four pupils, two boys
and two girls, have chosen a positive sentence to be the best suitable, three pupils have chosen
the neutral sentence and the rest the negative one. One pupil, the boy 5 hates mathematics.
Seven pupils find the most unsuitable the sentence "Mathematics thrills me and I like it better
than any other subject.” ’I detest mathematics and avoid using them all the times.” is the sen-
tence three pupils think to be the most unsuitable. Clearly it turns out that the pupils do not
like mathematics. Although the number of the positive sentences is greater than the number of
the negative ones, the pupils have chosen positive sentences less than negative ones, even if
you look at the first three choices. The most negative boy has chosen the sentence 18 as the
most suitable and the sentence 1 as the most unsuitable, but the most positive boy has chosen
the sentence 6 as the most suitable and the sentence 18 as the most unsuitable.

To find out the pupils with different mathematical world view I decided to choose one pu-
pil of them, who had chosen the sentences 6, 9, 10, 11, 12, 13, 14, 15 and 18. So I had 9 pu-
pils, who I will interview. The boy 1, the boy 6, the boy 3 and boy 5 were obvious, but the
boy 5 answered that he will not be the interviewee. After that I had to choose those who had
the other sentences as the most suitable. I have their opinions about mathematics in another
part of the questionnaire. There are together 14 sentences. I used the opinions of mathematics

-
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to select the ones, who have either the most positive or the most negative opinions or wh_o did
not Say it at all. Together I have interviewed 8 pupils. Two of them wanted to be the inter-

viewees.

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18

Boy | 12 0
Boy 2 0 3 1 2
Boy 3 2 1
Boy 4 0 3 1
Boy 5 0 3 2 1
Boy 6 2 1 3 0
Boy 7 0 1 2 3
Boy 8 0 3 2 1
Boy 9 0 2 13
Boy 10 0 1 3 2
Girl 2 0 1 3 2
Girl 3 0 2 3 1
Girl 4 3 1 2 0
Girl 5 1 2
Girl 6 3 2 1 0
Girl 7 0 3 1 2

0| 7 1 1 1 3

1 1 12 3 2 2 3 1 1

2 2 1 2 4 5 1 1

3 1 1 2 3 1 1 1 2 1

7 1 1 0 1 1 3 3 7 3 3 3 7 9 3 2 2 4

Table 1. Pupils as mathematics learners.

In the autumn, after they had learned geometry I asked them some questions like *what is
their goal, when they are learning mathematics’, "how well they have reached their goal’,
'what they can do if they have not reached it’, *how do they do their homework’. In Novem-
ber they made the test, that belongs to the pilot study and they answered the questionnaire,
too. In December and in January I interviewed some of the pupils. I asked the parents, where
do they use mathematics in their jobs or in general. In February I asked the pupils to draw a
mathematics lesson. Later in May I will ask them again "What kinds of things belongs to
mathematics?’.
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Drug Calculation Ability of Practical Nurses

Introduction

‘Practical nurse’ is a new upper secondary vocational qualification (cf. Figuresl and 2) in
social and health care in Finland. The first practical nurses (from two and a half year training)
obtained their certificates in December 1995. The training is under continuous evaluation and
development. One part of this kind of follow-up was a national test given to all qualifying
practical nurses on 28" November, 1995.

Universities

y Vocational higher
education

(polytechnic)
colleges

I

Upper secondary Upper
general education secondary
(3 years) vocational
* education

[y A

Comprehensive school ( 9 years)

Figure 1. The Finnish education system.
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SPECIAL MODULES 20 credits
Emergency care

Oral hygiene

Nursing and caring

Social work among children, adolescents and families
Care of the aged

Care of the disabled

Mental health care, social work with people in crises and
with intoxicant abusers

BASIC MODULES 50 credits
The support and guidance of growth

Basic care and nursing

Rehabilitation

Studies common to all 20 credits

(includes 3 credits of mathematics)

Elective studies 10 credits

Figure 2. Vocational qualification in social and health care, practical nurse
(contents of the course: 100 credits)

The term “credit” refers to an average of 40-hour input of work by the student.

1. Purpose and methods of the study

The purpose of this study was to analyse the drug calculation ability of practical nurses.
Among other tasks there was one drug calculation exercise in the national test. In my study
I examined one particular example of drug calculation in 3344 papers.

The.task was as follows:
Mrs Malmi (aged 64) is to take 40 IU of insulin. The strength of insulin is 100 1U/ml. How
much should the patient be taking?

"

Drug Calculation Ability of Practical Nurses o3

The differences between the skills in different school types, different calculation styles and
the special modules chosen by the students were examined.

53,6 % of the students managed to solve the calculation, the best results were attained in
the schools of health care (67 %) and among the students who had chosen emergency care as
their special module. Mathematical reasoning was the best method to calculate. In this study I
have also analysed the errors made by the students.

FORMULA
22%

PROPORTION
49 %

REASONING
29 %

Figure 3. The calculation method used.

The three methods which the students can use to solve dosage calculations are: formula,
mathematical reasoning and proportion. In this test proportion was the most popular method
(Figure 3.) However, mathematical reasoning was the best method to calculate (see F igure 4.)

REASONING

(n=700) ”

PROPORTION L

(n=1140)

FORMULA .

(n=533)

0 10 20 30 40 50 60 70 80 S0 100
PERCENT

Figure 4. Correct answers / different calculation method.
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Here are some examples of the errors made by the students:

1. The method used: Formula

Ordered quantity of the active ingredient of a drug

Dose =
Strength of a drug

ﬁ’% i
VO}ch A wif

160 K?/ﬂﬂl 'O k!j 2 4 000 mL

4000 DO tyfml - iy qmll
w00

When using the formula as a method to calculate there is a risk of remembering it the
wrong way. Many students also mixed percentages and millions (in antibiotics there are mil-
lions of international units) in this calculation.

2. The method used: Proportion

VG T
Wy x ¥=100 _

q-o--%ﬁw.
ooky . 00x = 40
L}G'MK A 0% ® M0
00 £ 40-1 K=
50 1= 40 108,
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The explanations for these errors are on the one hand that some students think that in divi-
sion you must always divide the bigger number by the smaller one. On the other hand, the
students make many mistakes when they must calculate without a calculator.

3. The method used: Reasoning

noky 1ml 700 100 ky 1o
,-Z,KZ}f 100mi fv 4o %)t; //g:?:,r
P do00m H0ky [9bmi
Wh \Lé = A

N vy F Ay

00 \LJ =, Py Y

. |

In mathematical reasoning the errors can also be conceptual or computational.

3. Further Research

Error analysis as a tool in learning drug calculations; the idea is that errors provide a win-
dow to a student’s internal thinking processes and help the teacher to understand better why
students make errors in drug calculations and why some students consider them difficult. The
aim is to improve the learning and instruction of drug calculations.

Example: 1 asked my student to convert 2,5 g to mg. She told me that it is 2500 mg, and |
asked her to tell me how she knew that. She said that when you convert grams to milligrams
the answer always has four numbers. Later she converted 0,5 g to mg and got the following
answer: 0,005 mg (four numbers!). She knew that it couldn’t be 5000 mg and 500 mg only
has three numbers.
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What Does It Take To Be Successful in
Mathematics?

An Empirical Study Investigating Pre-service Teachers’ Attributions of
- Mathematical and Language Arts Achievement, and Their Confidence in
Teaching.

1. Introduction

The importance of causal attribution for students’ motivation to learn is well known. Al-
ready in 1974 Heckhausen’s process model of motivation was published in the widely read
book: Funk-Kolleg Padagogische Psychologie. Kuendiger (1982 ) applied the model to
mathematics learning. Both publications stress the importance of attributions not only for stu-
dents’ motivation but also for cognitive learning. Borkowski et al. (1990) summarizes recent
research studies which show the connection between attributional beliefs, knowledge about
learning strategies and the development of knowledge, as well as the relationship between at-
tributional beliefs, self-efficacy, self-esteem, affect and metacognition and academic perform-
ance. An overview about different theoretical approaches and corresponding studies that link
attributions with achievement is provided in Heckhausen (1989). With regard to mathematics
education, until recently attribution theory was used nearly exclusively to explain difference
in motivation only, in particular to explain gender related differences in students’ motivation
to learn mathematics (Leder 1992, McLeod 1992).

To date the majority of studies dealing with teachers’ mathematics related beliefs, investi-
gates beliefs on the nature of mathematics, e.g., mathematics as process/product. A recent
summary by Pehkonen (1994) shows that only few of these studies focus on pre-service
teachers (see also Torner & Pehkonen, 1996). In addition, there is a lack of studies on the be-
liefs pre-service teachers have about themselves (Pintrich, 1990). The research study pre-
sented here focuses on the latter aspect. It investigated the attributional beliefs pre-service
teachers had established about themselves as former learners of mathematics and language
arts before enrolling in a teacher training program, and how these perceptions influenced their
confidence in teaching the two subject area.

2. The concept “learning history”

Motivation theory based on attribution has been well researched within the context of stu-
dent achievement. Although different models have been used in research studies, the follow-
ing aspects, which are relevant for this study, have been generally accepted:

Cumulative achievement experiences in a subject matter, e.g., mathematics, lead to the de-
velopment of a subject matter related self-concept which includes perceptions about once per-
formance standard and its causal attributions. The latter are referred to as attributional styles
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which are relative stable over time as they are developed based on cumulative past experi-
ences. The perceived level of performance and its attributions serve as a motivational frame-
work for the next achievement situation related to the subject matter for which they were de-
veloped (Heckhausen 1989, Chap.14&15) and thus influence -besides other variables - stu-
dents’ confidence in their cognitive skills to perform the succeeding task. These self-efficacy
beliefs (Bandura 1986) are relatively domain-specific and have to be distinguished from stu-
dents’ outcome expectancies related to a specific task. A student may belief that s/he will be
successful in a mathematics class, because s/he is very good at mathematics but nevertheless
expects a poor grade in the test just finished, because s/he did not prepare her/himself.

On entering a teacher training program, pre-service teachers generally do not have any
previous experiences in teaching mathematics, which would allow them to establish percep-
tions about their ability to teach the subject. Yet, they do have established precise perceptions
about themselves as former learners of mathematics, in particular, about their mathematical
achievement level and about the causes they consider being relevant to explain this achieve-
ment. A series of research studies investigated this motivational system pre-service teachers
bring to the profession, in particular if it provides the basis on which prospective teachers
judge perceptions they have about themselves as future teachers. The above considerations
hold not only for mathematics but for language arts as well.

Based on several pilot studies (Kuendiger 1987, Kuendiger 1989) Kuendiger (1990) pro-
vide the empirical evidence on the link between pre-service teachers’ perceived former
mathematical achievement and its attributions. Teachers had to indicate the applicability of
each of the following attributions:

ability, lack of ability

effort, lack of effort

good, bad luck

easiness, difficulty of mathematics
good, poor teachers’ explanation
help, lack of help by others.

e & o e o

Based on their perceived former mathematical achievement two groups of primary/junior
teachers were formed: one group consisted of pre-service teachers who perceived their former
performance as above average, the other group perceived it as average or below average. The
two groups of teachers used distinctively different attributions to explain their mathematical
achievement. Significant differences (p<0.01)were found for ability and lack of ability, lack
of effort, easiness and difficulty of mathematics, poor teachers’ explanation, and lack of help
by others. The differences were in the expected direction: primary/junior teachers with an
above average perceived performance decisively attributed their achievement to ability and
not to lack of ability nor to lack of effort, poor teachers’ explanation or lack of help by others.
Moreover, this group considered the attribution “math is easy” as more applicable and the at-
tribution “math is difficult” as less applicable than the group with the lower past performance.
Both groups considered effort as equally applicable. In summary, teachers who judged their
former achievement as high used a favorable attributional style, those with lower achievement
used an unfavorable attribution style. Most importantly, prospective teachers who judged their
past performance as high, and thus indicating that they think of themselves as having been
successful in mathematics, attributed this success clearly to their ability, a stable, uncontrolla-
ble, internal attribution, and to effort an internal, controllable attribution. Prospective teachers,

-
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who think of themselves as having been less success in mathematics, had also put forward ef-
fort but as the achievement outcome consistently was not very high, they concluded that lack
of ability was at least a partial factor. These attributional differences are in line with research
conducted within the area of learned helplessness - mastery learning (Heckhausen 1989
pp.423 ff.). Low ability attribution is often referred to as dysfunctional attribution as it is
likely to lower an individual’s potential to achieve in the succeeding task.

In the research study of Kuendiger (1990) participants were asked to indicate cumulative
past performance level. The connection between perceived former performance and its attri-
butions was found to be stable over time, i.e., samples investigated in two consecutive years
yielded the same results based on an overall sample size of more than 300. Moreover, the av-
erage Gamma coefficient for the test-retest reliability for all items related to this set of vari-
able was more than 0.80. Thus, it was concluded that perceived former performance together
with its attribution constitutes a well established motivational system which was called
“mathematical learning history” and that the variable “perceived former performance” can be
used to identify groups of individuals with different learning histories.

On entering a teacher training program prospective teachers see themselves confronted
with a novel task, i.e., teaching. With regard to teaching mathematics their mathematical
learning history is the motivational system closest related to the new task. The above study
found that primary/junior teachers with a less favorable mathematical learning history not
only were less confident to teach mathematics, but also considered their personal insuffi-
ciency as a more relevant reason to explain students’ lack of progress in mathematics. Thus, it
was concluded that the mathematical learning history constitutes a motivational framework
which influences prospective teachers’ perceptions of themselves as future mathematics
teachers. Moreover, it was found that those individuals who strove for teaching in kindergar-
ten to grade 6 had a less favorable mathematical learning history than those who strove for
teaching in grade 4 to 10. Both groups of teachers became more confident in teaching mathe-
matics during the course of a one year teacher training program, yet the program did not suc-
ceed in overriding the impact of the mathematical learning history.

Kellenberger and Kuendiger (1993) applied the concept of learning history not only to
mathematics but also to language arts. They investigated the relationship between subject-
related learning history and self-efficacy of prospective primary/junior teachers (N=194). In
this study the learning history was measured in a slightly different way. The attributions “in-
terest” and “lack of interest” were added to allow for a more differentiated comparison be-
tween subject areas. Moreover, the format of the questionnaire was altered. Participants no
longer had to evaluate each reason, but were asked to name those attributions which were
most applicable and somewhat applicable. Concurrent with the results found by Kuendiger
(1990), pre-service teachers used causal attributions which corresponded with their perceived
former achievement level. Comparison between subject areas turned out to be limited as there
were hardly any participants who judged their past performance in language arts as average or
below average.

The relationship between learning history and self-efficacy was most apparent for pre-
service teachers with a less favorable learning history in mathematics and a more favorable
learning history in language arts (Low-High group). Teachers in this group judged themselves
as significantly less able to influence students’ effort, interest, achievement in mathematics
than in language arts. Moreover, when the Low-High group was compared with a group of
pre-service teachers which had a favorable learning history in both subjects (High-High
group), the Low-High group judged themselves as significantly less able to influence stu-
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dents’ mathematical achievement than the latter group. In summary, differences in pre-service
teachers’ learning history lead to differences in their perception of self-efficacy.

In addition to the above studies the concept of learning history was also applied to com-
puter education. Kellenberger (1994) found the subject-matter related learning history to have
a significant effect on Canadian pre-service teachers’ self-efficacy with regards to the use of
computers in teaching.

In a comparison study between pre-service primary/junior teachers in Ontario and Quebec
(Kuendiger, Gaulin & Kellenberger 1992, Kuendiger, Gaulin & Kellenberger 1993) the
learning history of prospective teachers and the attributions they used to explain achievement
of a high- and low-achieving students were measured. The questionnaire was comparable to
the one used in Kellenberger & Kuendiger (1993). Prospective teachers from both provinces
(N=441) had again a more positive learning history related to language arts than the one re-
lated to mathematics. Overall, the comparison of perceptions of these two groups of prospec-
tive teachers showed astonishing resemblances: they did not only use similar patterns for at-
tributing their own achievement in the two subject areas but also when they were asked to at-
tribute high and low student performance. Moreover, when asked to rank student effort, inter-
est, and achievement with regard to the influence they, as future teachers, would have, pre-
service teachers from both provinces ranked achievement the highest and interest the lowest.
This was true for mathematics as well as language arts. Despite these similarities significant
differences were found with regard to the relative importance of some of the attributions as
well as one aspect of perceived future self- efficacy; pre-service teachers in Ontario felt sig-
nificantly less confident to influence their students’ interest. The reported differences are sub-
stantial enough to suggest caution when generalizing results from one cultural setting to an-
other.

3. Objectives of the study

The above studies demonstrate that the concept of “learning history” is an important moti-
vational framework which influences the initial perceptions pre-service teachers develop
about themselves as teachers. So far all above mentioned research studies have been carried
out in Canada. Results presented below are part of a larger study whose main purpose was to
investigate the relevance of the concept “learning history” for German pre-service teachers as
it relates to mathematics and language arts (German). First results are published in Kuendiger,
Schmidt & Kellenberger (1997) and Kuendiger & Schmidt (1997). The questions addressed in
this paper relate to two areas:

First, it was investigated if prospective German primary teachers with different perceived
past performance call upon distinctively different attributions to explain this performance, that
justify a classification along favorable-unfavorable learning history for the subject areas
mathematics and German (language arts). Morever, the question was addressed, if the same
attributions are considered being relevant for achievement in mathematics and language arts.

Second, this study was to investigate the relationship between learning history and confi-
dence in teaching in more detail. Earlier studies that investigated the learning history used the
variable “perceived former performance” to identify individuals with a favorable/unfavorable
learning history. Although the results obtained by this method proved to be consistent and
meaningful ( Kellenberger & Kuendiger 1993, Kuendiger 1990, Kuendiger, Gaulin & Kellen-
berger 1993) one could argue that the variable perceived former performance is a rather quick
and dirty method to identify individuals with different motivational systems when relation-
ships between learning history and teaching related variables were investigated. Thus, in this
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study the relationship between learning history and confidence in teaching was investigated
by relating attributions and confidence in teaching. Accordingly the following questions were
investigated: Is there a relationship between perceived past performance and confidence in
teaching, and is the use or not-use of a particular attribution related to differences in the vari-
able “confidence in teaching”? In particular, is the relationship different for mathematics and
German?

4. Data gathering and analysis

Data were gathered via a questionnaire. The learning history in both subject areas was
measured similar to Kellenberger & Kuendiger (1993). Participants were asked to recall their
own learning and to indicate their perceived former achievement level on a five-point Likert
scale ranging from excellent to poor. In addition, they chose from a list of provided attribu-
tions, those that were most applicable to explain their past achievement. Compared to earlier
studies, the attributions “general intelligence™ and “lack of general intelligence” were added.
The full list of provided attributions is listed on the tables and figures below.

Moreover, participants were asked to indicate their confidence in teaching either subject
area in the future on a five-point Likert scale reaching from very confident to not at all confi-
dent. In addition, the questionnaire gathered demographic information and other variables not
considered here.

The participants of this study were pre-service teachers (17% male, 83% female) enrolled
at the University of Hamburg in their second year and pre-service teachers (5% male, 95%
female) enrolled at the University of Kéln in their first year (see Table 1 for sample sizes).
Subjects ranged in age from 19 to 38, the mean age in Hamburg was MHamburg = 23.3, the
one for K6ln was MK6ln = 22.2. The questionnaire was distributed in both universities at the
end of course,

The pre-service programs in both universities prepare students to teach within elementary
schools. Although the programs are structured differently (for details see Kuendiger, Schmidt,
Kellenberger (1997)), one can identify two groups of students which are comparable between

the universities. These are those who specialized in one of the subject areas and those who did
not.

According to the non-interval nature of the data non-parametric tests were used. To test the
impact of achievement and place of study on the use of a specific attribution log-linear mod-
els (e.g., Darlington 1990) were used. The results of the log-linear analyses can be interpreted
similar to those of analyses of variances (see Table 3). A significance level of 1% was used
throughout the study.

5. Results

3.1 Achievement and confidence in teaching

Tables 1 and 2 provide descriptive information on how pre-service teachers judged their
past performance in mathematics and in German, and how confident they were teaching, re-
spectively. It has to be noted that only one student had mathematics as well as German as
teachable subject. As a general trend one can observe, that pre-service teachers who special-
ized in a subject area, judged their past performance as higher and were more confident
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teaching this area (for further discussion on the differences between universities see Kuendi-
ger & Schmidt 1997).

in Mathematics

specialized in | below average average above average
P total N
mathematics (lor2) (3) (4 or5)
no 36.4 45.8 17.8 100 107
Hamburg ves 79 316 603 100 18
. no 5.1 42.9 42.0 100 119
L yes not consequential 1
in German (language aris)s
specialized in | not confident neutral confident _— N
German (1or2) (3) (4 or 5)
no 9.9 56.8 333 100 111
SRR ves 0.0 324 67.6 100 34
. no 5.5 63.7 30.8 100 91
L B 69 4 517 700 39
Table I. Perceived former achievement (achievement in %).
Mathematics
specialized in | not confident neutral confident total N
mathematics (1or2) 3) (4 or5)
no 37.8 28.9 333 100 90
Hambug yes 16.1 258 58.1 100 31
. no 9.6 20.9 69.9 100 115
Kbl yes not consequential 1
German (language arts)
specialized in | not confident neutral confident total N
German (1or2) (3) (4 or5)
no 22.2 322 45.6 100 90
Hamburg Jes B 39.0 643 700 31
¥ no 14.8 23.9 61.4 100 88
L yes 36 17.0 786 700 78
Table 2. Confidence in teaching (confidence in %).
5.2 Learning history

In the log-linear analyses a specific attribution is looked upon as a function of past
achievement and place of study (see Table 3). The results are based on those future teachers
who did not specialized in math or German respectively. Thus, pre-service teachers with
comparable background in mathematics and in German were investigated.

o
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for mathematics
achievement city achievement
attribution Ch p Ch p Ll p
(df<4) (dr=1) (df=4)
intelligence 35.11 * 0.65 3.28
math ability 48.71 i 0.66 1.90
effort 11.37 2.33 3.77
interest 39.97 ¥ 0.18 2.88
easy subject 3.05 2.15 1.30
teacher’s ability 45.65 * 3.34 2.84
help from others 531 0.96 )72
| lack of intelligence 159 3.49 0.00
lack of math ability 53.86 * 0.01 0.11
lack of effort 30.98 * 1.69 2.57
lack of interest 29.42 % 1.90 8.92
difficult subject 15.21 * 6.09 1.58
lack of teacher’s ability 35.3 * 1.23 3.02
lack of help from others 9.42 1.25 4.25
* p<0.01
for German (language arts)
achievement city achievement
s g Chi Chi Chi
attribution (df=4) r (@df=1) p (df=1) p
intelligence 26.24 ¥ 1.88 5.13
math ability 60.55 * 0.02 0.06
effort 2.62 241 1.43
interest 36.00 * 0.15 0.74
easy subject 19.02 * 1.81 0.05
‘| teacher’s ability 10.67 1.51 4.76
help from others 2.74 0.29 1.73
lack of intelligence 0.91 1.48 0.00
lack of math ability 22.44 * 0.09 0.10
lack of effort 12.05 0.01 6.34
lack of interest 3294 * 0.17 2.65
difficult subject 2.52 0.02 2.50
lack of teacher’s ability 20.70 * 3.12 223
lack of help from others 3:37 0.74 6.38

* p<0.01

Table 3. Summary for the different attributions as a Junction of achievement and city.
(Log-linear analysis for non-specialists)

. Table 3 shows that for mathematics as well as German the use of a particular attribution
dlc.i not depend on the place of study (city). Moreover, no significant interactions between
“91ty” and “achievement” were found for any of the attributions. The use or not use of an at-
tr_lbution was influenced only by the level of past achievement. For mathematics 9 significant
differences were found, for German 7 were found. To facilitate the interpretation of these dif-
ferences the results of Table 3 were presented graphically by forming three achievement
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groups (see Figure la & b) and by plotting the medians for each attribution (0 = attribution
not used, 1 = attribution used).
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For both subject areas the relationship between level of achievement and use of attribution
was meaningful: Higher achievement was associated with favorable attributions, i.e., “intelli-
gence”, “math ability”, “interest” and “teacher’s ability” for mathematics and “intelligence”,
“German ability”, “interest” and “easy subject” for German, Lower achievement was associ-
ated with unfavorable attributions, i.e., “lack of math ability”, “lack of effort”, “lack of inter-
est”, “difficult subject” and “lack of teacher’s ability” for mathematics and “lack of German
ability”, “lack of interest”, and “lack of teacher’s ability” for German.

In summary, the relationship between perceived past performance and use of attributions
which was found in earlier studies was confirmed. For both subject areas pre-service teachers,
who perceived their past performance as high, had developed a favorable attribution pattern
and thus, can be described as having a favorable learning history, whereas those who per-
ceived their past performance as low can be described as having an unfavorable learning his-
tory in mathematics and German, respectively.

Keeping in mind that the pre-service teachers explained cumulative past achievement, the
called upon attributions can be looked upon as generalized reasons. When those prospective
teachers who considered themselves as having been successful (above average achievement)
in mathematics were compared with those who considered themselves as not successful (be-
low average achievement) the corresponding attribution pattern can be interpreted as follows
(see Figure 1a): Successful pre-service teachers thought of themselves to be intelligent and
able in mathematics, and were interested in the subject area. Besides these internal reasons
they attributed their success to good teachers. Those, who judged their past mathematical
achievement as low, came to the conclusion that they lack mathematical ability and at the
same time admit that they lacked effort and interest. Besides these internal reasons mathe-
matics was blamed to be too difficult and the teacher was blamed for not having done a good
teaching job. The position of the three graphs in Figure 1a shows that - although there is some
variation - the relative importance of the above-mentioned attribution for high/low achieve-
ment is about the same. This is confirmed in Table 4a, where the frequencies with which an
attribution is chosen, alone and together with other attributions, are given based on the infor-
mation obtained from all participants, specialists and non- specialists.

When those prospective teachers who considered themselves as having been successful
(above average achievement) in German (language arts) were compared with those who con-
sidered themselves as not successful (below average achievement) the corresponding attribu-
tion pattern can be interpreted as follows (see Figure 1b): Successful pre-service teachers
thought of themselves to be intelligent and able in German, and were interested in the subject
area. Besides these internal reasons they attributed their success to good teachers and easiness
of the subject area. Those, who judge their past achievement as low, came to the conclusion
that they lack German ability and at the same time admitted that they lacked interest. Besides
these internal reasons the teacher was blamed for not having done a good teaching job.
Looking at Figure 1b with regard to the relative importance of the above attributions, “inter-
est” stands out as particularly important for high achievement in German. “Interest” is not
only the attribution mentioned the most to explain high achievement in German but it is also
mentioned more often than any attribution related to achievement in mathematics. The im-
Portance of “interest” for German is confirmed in Table 4b, which shows that it was - based
on the responses of all participants - by far the most frequently named reason.

When'one compares the two subject areas mathematics and German, one can derive that in
the mind of these pre-service teachers, general and subject area specific ability as well as in-
terest is important to achieve in either subject area, with interest playing a particular important
role for achievement in German. Failure does not indicate lack of general ability but is due to
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a lack of subject area specific ability. Thus, failure in one subject area does not necessarily
imply that one cannot be success in other areas. An additional cause for failure is lack of in-
terest. For mathematics lack of effort has to be added. Moreover, the teacher is blamed for
low achievement of his/her students. Yet, in mathematics the teacher is also given credit for
high achievement. Thus, the teacher seems to play a stronger role regarding achievement in
mathematics compared to the one in German. Moreover, the differences between the attribu-
tions used to explain achievement in mathematics and German showed, that mathematics is
looked upon as difficult (a reason for failure) and German as easy (a reason for success).
More significant differences were found for mathematics achievement than for achievement
in German. This indicates that the motivational framework related to mathematics is more
pronounced.

5.3 Confidence in teaching and attributions

The proceeding results show that all differences in attribution found between pre-service
teachers, who did not specialize in a subject area, can be explained by differences in their per-
ceived former achievement. The same holds for pre-service teachers who specialized in a
subject area (Kuendiger, Schmidt & Kellenberger 1997, Kuendiger & Schmidt 1997). Thus,
all participants were included in the analysis that compared the confidence in teaching of pre-
service teachers, who named a particular attribution, with those, who did not.

Table 4a shows that those pre-service teachers, who attributed their achievement in
mathematics to their mathematical ability, were more confident in teaching the subject than
those, who did not call upon this reason. The same was true for those who were interested in
mathematics. Thus, of the favorable attribution only those are relevant for expected future
success in teaching, that are internal and related to mathematics. Pre-service teachers who
chose the attribution “lack of ability”, “lack of effort™ and/or “lack of interest” were less con-
fident in teaching then those who did not. In addition, the attribution “lack of help from oth-
ers” resulted in a significant difference. Yet, only 16 of 264 pre-service teachers chose this
attribution, alone or with other attributions. Therefore, the following interpretation seems war-
ranted: if a person really feels the need to blame others for his/her low achievement, then it
does not surprise when the same person is not very confident teaching mathematics either.

Disregarding the latter result, because it affected only very few participants, one can sum-
marize: attributions relevant for teaching were a subset of those linked with a favor-
able/unfavorable learning history. They are internal to the prospective teacher and are related
to mathematics. “Intelligence”, “teacher’s ability” and “lack of teacher’s ability”, which were
also relevant for explaining achievement do not carry over into perceptions related to future
teaching. These results make intuitive sense.

The attributions related to confidence in teaching German were “ability in German”, “in-
terest” and “lack of interest” (see Table 4b). These differences were in the expected direction
corresponding to those found for mathematics. For German there were only 3 attributions re-
lated to future teaching compared to 5 ( 6 respectively) in mathematics. When the attribution
pattern associated with achievement were discussed, more significant differences were found
for mathematics than for German, 9 compared to 7 (see Table 3). Therefor, in line with the
more differentiated motivational framework related to mathematical achievement, more attri-
butions are related to teaching mathematics than to teaching German.

Looking at the motivational aspects of learning how to teach mathematics, the above re-
sults suggest that those attributional causes which are related to confidence in teaching will be
transferred onto corresponding attributions, when beginning teachers evaluate their first
teaching experiences. If one admits that the evaluation of a mathematics lesson with regard to
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being successful or not successful, is more subjective than the result of a mathematical prob-
lem, the initial attributional style gains additional importance.

. Frequency with which
Mann-WhitneyU test an atg‘ibutizm was chosen
attribution P P alone with others
intelligence +1.71 5 66
math ability +4.10 ¥ 2 51
effort +0.22 5 61
interest +2.62 i 6 66
easy subject +2.45 0 12
| teacher’s ability +0.87 3 75
help from others -0.27 0 37
lack of intelligence -0.20 0 3
lack of math ability -3.59 * 3 51
lack of effort -3.52 * 7 47
lack of interest -3.20 * 2 39
difficult subject -0.53 1 39
lack of teacher’s ability -1.93 4 55
lack of help from others -2.68 * 3 11

*p<.0l,N=264.

Table 4a: Confidence in teaching mathematics.

Mann-Whitney U test Freqlllenc.y watleyhich
an attribution was chosen
attribution 2 P alone with others
.| intelligence +1.13 5 68
ability in German +4.12 * 2 63
effort +0.71 | 45
interest +4.14 * 30 151
easy subject -0.11 2 28
teacher’s ability +1.79 2 48
help from others -0.49 0 10
lack of intelligence -0.78 1 1
lack of ability in German -2.30 7 23
lack of effort +2.70 8 40
lack of interest -3.84 % 6 30
difficult subject -1.83 2 9
lack of teacher’s ability -1.46 3 37
lack of help from others -1.82 0 7

*p<.01,N=265.

Table 4b: Confidence in teaching German

+ (Comparison of pre-service teachers, who chose a specific attribution, with those who did not
choose this attribution to explain their former achievment.)
+ positive z-values mean that pre-service teachers who chose this attribution, are more confident in
teaching German compared to those who did not choose this attribution.
- negative z-values mean the opposite.

Beginning teachers, who enter the profession already with less confidence in their ability to
teach mathematics, are more likely to focus their self-evaluation on those parts of their teach-
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ing that are -objectively or subjectively- less successful and are likely to call upon attribu-
tional causes equivalent to those that were found to be related to lower confidence, i.e., lack
of ability to teach mathematics, lack of effort and interest, and - for some - lack of help by
others. In short, they enter a negative motivational cycle according to Heckhausen’s process
model. Following the same line of reasoning, beginning teachers who are very con_ﬁdept in
their initial ability and interest to teach mathematics, are likely to enter a positive motivational
gyele.

Looking at the motivational aspects of learning how to teach German, the same two favor-
able attributions linked to teaching mathematics are also linked to teaching German. These
are: “subject specific ability” and “interest”. Thus, one can infer that pre-service teachers who
use these attributions for their own achievement in German are also more likely to enter a
positive motivational cycle when they evaluate their first teaching experience. With regard to
the unfavorable attributions, the link between attribution and confidence in teaching is less
pronounced for German than for mathematics. The only attribution that showed a significant
difference for German is “lack of interest”. If the above line of reasoning is followed, i.e., that
perceived failure in teaching German is explained by lack of interest, then this attribut'ion
would not influence the beginning teacher’s self-concept of his/her ability to teach the subject
area. “Interest” is an internal reason that potentially can change, if the teacher decides to be-
come interested. '

The above described differences between mathematics and German with regard to unfa-
vorable attributions linked to lower confidence in teaching, may be explained, if one accepts
the assumptions that - although “failure/success in teaching mathematics” can be determined
less precisely than low/high mathematical achievement — “failure/success in teaching mathe-
matics” can be determined more “objectively” than “failure/success in teaching German”
when looking through the eyes of prospective teachers:

The teaching mode “teacher question - student answer” is considerably more frequent in
mathematics than in language arts. Due to the nature of mathematics and the way it is taught,
there is generally only one correct answer to each of these teacher questions. Whether the stu-
dent’s answer is correct or not, can be determined without any room for negotiation. On the
one hand, student failure is more likely to occur in mathematics, simply because there are
more questions, and “failure” is more clearly defined, on the other hand, it is accepted that the
teacher is more important in learning mathematics (see Table 3). Thus, student failure and the
teacher’s lack of ability to teach are more strongly linked for mathematics than for language
arts.

The above offered explanation is obviously highly speculative and does not explain the
similarity between mathematics and German with regard to the favorable attributions. Further
research is needed to clarify the above results.

6. Summary

The above described study first investigated the concept “learning history” for a sample of
German pre-service primary teachers. The relationship found between perceived past
achievement and the attributions used to explain this achievement, confirmed the results from
earlier studies: the above variables can be summaries in the concept “learning history” and
pre-service teachers can be classified with regard to possessing a more or less favorable
learhing history in mathematics as well as language arts (German). The two subject areas dif-
fered in part with regard to the attributions related to achievement and inferences were made
on what is relevant for success in either subject area.

—
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Second, the relationship between learning history and confidence in teaching was investi-
gated by linking the use/none-use of a specific attribution with the level of confidence in
teaching. For mathematics the results show that the concept “learning history” can be looked
upon as a motivational framework that sets the stage for pre-service teachers evaluation of
their initial teaching experiences. Implications of these results for teacher education are dis-
cussed in Kuendiger, Schmidt & Kellenberger (1997) as well as in Schmidt (1992) .

For language arts (German) the results were in part different from those for mathematics.
An explanation of these differences was offered by discussing the relative ambiguity of de-
termining failure in teaching language arts compared to teaching mathematics. '
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Teachers Mathematical Beliefs - Four Teacher
Cases

Background

In the second MAVI Workshop in March 1996 I discussed in my paper (see Kupari 1996)
about the changes in teachers’ beliefs of mathematics teaching and learning. The analysis was
based on the questionnaire data which was collected from the Finnish comprehensive schools
in 1990 and 1995. In both phases the belief inventory was presented to the teachers. It was
important that there were 15 same teachers in these study phases because it made possible to
analyse more closely the changes in beliefs taken place during five years.

In the spring 1996 I interviewed four of these 15 teachers to receive deeper and more per-
sonal information on teachers’ beliefs and thoughts. I chose the teachers so that they repre-
sented two different belief types and furthermore in the both types the other teacher was fe-
male and the other was male. This paper continues the analysis of the former article and it fo-

cuses on teachers’ mathematical beliefs and also their relationships to teaching practices on
the basis of the interview data.

About the method

In analysing teachers’ mathematical beliefs and changes in them I have used the so called
belief profile method (cf. Middleton et al. 1990). For all 68 teachers in the 1995 study mathe-
matical belief profiles were drawn by using the questionnaire data of that study. After that two
criterion profiles (teacher types) were selected for the purposes of analysing and comparing
teachers’ profiles. These types are called the traditional type and the innovative type (cf.
Neyland 1995). The traditional teacher type could be said to represent the behaviourist learn-
ing and teaching tradition. The content has broken down to a sequence of tasks to be mastered
and facts to be learned. The focus tends to be on what students can do, rather than on what
understandings and meanings have been achieved. Students are not really worried about their
understanding - they believe that if they can get right answers, then they understand. For the
innovative teacher type it would be typical the orientation towards the alternative approach of
teaching, i.e. the social constructivism. The teacher has the responsibility of aiding students’
reconstructive process, which involves learning the concepts, orientations, values and proc-
esses of the expert community.

For these 15 teachers which were same both in 1990 and 1995 we could draw two belief
profiles. Altogether, by using these belief profiles we could then compare teachers’ mathe-
matical beliefs in two ways. First, we could find the places where there were clear deviations
(changes) in one teacher’s (expressed) beliefs. Second, we could make comparisons with the
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criterion profiles and look at "the distance” between some teacher’s belief profile and the cri-

terion profile. B ‘
In the interviews two of the four teachers represented traditional teachers and the other two

innovative teachers. The interview method was thematic interview and the interview themes
were prepared on the basis of the questionnaire. One interview lasted about one and half
hours. Afterwards the interviews were transcribed. _ -
Now it is especially interesting to examine the relationship between the two types of in-
formation: the questionnaire data and interview data. How well do they match? In this paper.
the following two questions are discussed: ' _
e Do the interview data support the questionnaire results or are they contradictory in
some respect? _
e In what way does the interview data complement the questionnaire results?

Teacher cases: results and interpretations

In this part [ present some first results of teachers’ interviews. I describe here just two
teacher cases in a detailed way but the conclusions at the end of this paper are based on all the

interviews.

Case 1 (Teacher L: The female teacher, teaching experience 31 years)

Below (see Diagram 1) [ have presented teacher L’s belief proﬁles-. In my ciassiﬁf:?.tion
(the traditional type - the innovative type) teacher L could be locatec_l quite near the t'radl_tlo_nal
type. We can see in the diagram that this teacher’s mathematical beliefs has been quite similar
in 1990 and 1995. The following quotations will describe some aspects of her beliefs (two
statements:V23 and V12).

4

Agree

Disagree

0

VIeVI7 V9 V23 V22 VI8 V5 V2 V4 VI2 VI VI3V20 V6 V7 V8 VI4VISVI9V2I VIO V3 Vi
[+ Teh L/90=Tch L%

Diagram 1. The belief profiles of teacher L in 1990 and 1995.

V23: In the teaching one should clearly point out that mathematics is an essential part in our
culture.
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I think that parents appreciate mathematics...A great part of parents, I think, has
the opinion that mathematics is needed and it should be studied well. Of course,
there should be in school much more_all kind of connections to the society. We
have included just this in the curricula. Within this one lesson we Iry to go into the
issues of the day, it means sales, elections, competitions, new European money...
So that they would see where it is needed...

V12: The student need not necessarily understand every argument and procedure.
I am so old-fashioned that I think that a student himself is not able to (study)...
The question must be discussed together in some phase. 'Why do you think in this
way’ and then to find the mistakes in thinking. ..

According to the first quotation teacher L seems to understand that the important part of
the cultural nature of mathematics is to include a lot of social connections and everyday
situations in teaching. The second quotation reveals that teacher L finds it essential that there
are room in teaching to discuss and to make students to think and to understand.

In Diagram 1 there was just one point (A) where the belief profiles of teacher L were
clearly different. That statement concerned working with concrete material in mathematics
teaching and the following quotation expresses teacher L’s opinion in 1995. Perhaps teacher L
has found some new possibilities (in curricular issues or in teaching arrangements) to imple-

ment her instruction and this has also affected to her beliefs and attitude towards concrete
material

If I draw it so of course he/she will understand it... A great part of problems can
be solved by drawing. Then we have tried all kinds of measuring, sometimes con-
structing objects...They see the result and make a mistake in it, ‘oh I forgot the
deck of the box ... I think it is of some use to them.

The next diagram (Diagram 2) shows what are the differences in belief profiles between
teacher L and the criterion teacher. We can see that there are three clear deviations (A, B and
C) and some smaller differences in the profiles. The following quotations are consistent with
teacher L’s answers of the belief inventory and they tell that teacher L emphasises students’
understanding in teaching, that the way how the textbook is dividing the mathematical content
into parts is good for her and that she does not emphasise routine problems in her teaching.

A (Understanding of arguments and actions)
If (a student) does not understand in a certain way then I find quite easily an other
way to show on the object or the figure... I think I have the mathematical ability
that I can imagine it to some drawing or figure... When (a student) says something
wrong, so why. I am asking and sometimes we consciously go to quite a wrong
direction. I continue asking. The best thing was when some other student says
that he does not understand. I asked Jurther on. Then they themselves came to a

dead end. Then I laughed in my turn that I knew this but it is good that things are
clear now.

B (Facilitating learning by dividing the content into small parts)
Any one of teachers (in this school) does not follow his/her own style. I think that
everybody has this kind of style. We have liked this textbook... I suppose that most
- of us go it through in some way...
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ising routine problems) | .
. (Iflli}?;];zhtis;}s)lggr calculalz?ors so I have used quite much the 119.*"4:16!10.«31r rh?rtl gzv:zc ;l;e(;;
problems concerning the school environment. They start fo calcu c? eh pr o
books and new curtains for the class. They make th.e measure:’mem.s t em;i [(.)
Then on the 9th grade when they already know the' trigonometric funcnonstha;yzo
find something, for instance a ramp for wheelchairs. It cannot b_e steep;rr ran 20
degrees. They go and measure the ramps there... You may link it somehow

society.

Agree

Disagree

A B C

0Vl() V17 VO V23 V22 VI8 V5 V2 V4 VI2 VI VI3 V20 V6 V7 V& VI4 V15 VI9 V21 VIO V3 VIl

F@.Criterion 1.eTch L/9£1

Diagram 2. The belief profiles of teacher L and the criterion teacher (the traditional type).

Summing up the results of teacher L, I could say that the. picture of her ms}himlgt}c;aivzfé
liefs was not so traditional as I saw it through the questionnaire data. Tee_tcher E e; 1t:t ere
a mixture of different beliefs - as they usually are - and the.re were also 1nn(zlvzﬁ}ve eatu
her beliefs. Her descriptions about the approaches of teaching also supported this.

Case 2 (Teacher N: The male teacher, teacher experience 24 years)

In Diagram 3 you can see the belief profiles of teacher 'N. In (?ontrast to te.acl;e; If', tfeac%;:
N could be located nearer the innovative type on the basis of his mathem'atllcla be 11; 950 e
diagram reveals very well that also teacher N’s belief proﬁles were very similar 1fnh. s
in 1995. The first quotation will give the reader some impression of the nature of his

(the statement V16).

V16: During mathematics lessons one should emphaslise the importance 0; thmklng.t .
As is well known, the use of brains is exhausting and hard. How do you lgeh g
students to adopt an attitude that it is nice to solve prob{ems. They wourh at(e)
some joy when they solve problems. The biggest problem is that you get emful
think at all... students are a little bit shortsighted... Wef’l, I would be very lrcare ”
with the fact that if there were more time (in nTathematzcs) then the conten wq:t ‘
be expanded. I would not see any sense in this, really. But on the contrary, it i
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mathematical thinking that could be mainly improved and developed... perhaps to

encourage more to continue on the fields or branches where mathematics is
needed.

Agree

Disagree

A B C

0

V16 VI7 V9 V23 V22 VI8 V5 V2 V4 VI2 V1 VI3 V20 V6 V7 V8 V14 VIS VI9 V21 VIO Vi Vi
-« Tch N/90zTch N/91

Diagram 3. The belief profiles of teacher N in 1990 and | 993,

On the basis of the belief profiles some changes had possibly taken place in teacher N's
mathematical beliefs during 1990-95, Especially there were three point (A, B and C) where
the differences between profiles were clear. In the point A there was a question about the im-
portance of the exact and mathematically correct language in teaching but in the interviews no

signs concerning this issue could be found. The following quotations give some reasons or
explanations for the changes in the points B and C.

B (The frequent use of applications in teaching)
I'would like to go further to the direction that the teaching would really move to-
wards the problem-oriented approach. The problems in the textbooks would be
developed so that unnecessary parts could be cut out. It would be also good to
think more carefully what is it... what is really helpful for the development of

- mathematical thinking, for the skills of practical mathematics and Jor the needs of
everyday life.

C  (The importance of keeping order on the mathematics lesson)
I understand mathematics so that there should be about 10-15 minutes of the les-
son rather quiet time. I have this kind..., [ know that all teachers don’t undersign

this... I have this kind of habit that it is a quiet moment when everyone can think...
Then we think.

Usually the strict order could be regarded as characteristic to the traditional type of lesson
ere the teacher is the only authority. The teacher is always explaining the content and tell-
g what and how-to do. I understand that teacher N does not see the keeping order in the

Same way. For him 15 minutes quiet time means the time for students’ own thinking and con-
Centration,

wh

in
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In the last figure (Diagram 4) we can see that the belief profiles of teacher N and the crite-
rion teacher (the innovative type) are very similar. However there are three plac§s where the
differences seem to be clear. These statement deal with the importance of keepmg' order on
the lesson, the use of learning games in teaching and the role of _solution processes in assess-
ment. Through the interview data these differences can be seen in the new light, and in f.act
the mathematical beliefs of teacher N are more innovative than the beliefs of the criterion

teacher.

Agree

Disagree

0

V16 VI7 V9 V23 V22 VI8 V5 V2 V4 VI2 VI VI3 V20 V6 V7 V8 VI4 VI5 VI9 V21 VIO V3 VII
|@Criterion 2 Tch N/95]

Diagram 4. The belief profiles of teacher N and the criterion teacher (the innovative type).

Conclusions

The analysis of these four teacher cases was very useful and rewarding experience for. the
author. By combining the questionnaire results and the interviews the following conclusions
could be made. o ‘

First, the results support the multidimensional and flexible nature of teaghgrs beliefs. Th}s
means that there are quite different (traditional, formalist, ‘socioconstructivist’) features in
all teachers’ beliefs. Probably, the clustering nature of beliefs (cf. Green 1971? make_s it pos-
sible to hold also conflicting sets of beliefs and this can explain some of the inconsistencies
among the beliefs. Through the interviews the questionnaire results can be better understood
(the context-dependence of beliefs). N . _

Second, the questionnaire results indicated that the more tra(:l_ltlopal view was not denied by
the responses of teachers, but they placed less emphasis on this view than on those tha.t em-
phasized mathematics as a way of thinking and as problem-solving. On the contrary, in the
interviews the teachers were very modest about their own ideas and rather en.’lphasme_d th?
traditional features of their teaching. Perhaps it is so that traditionality is some km_d of ’virtue
in mathematics (for the older generation) while introducing innovative thoughts is not so de-
sirable. The social environment of the school or teacher unit might act as a filter.
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Third, some changes in teachers’ belief profiles may be the result of changes in the curric-
ula or in teaching arrangements.

Fourth, the interview data was important when relationships between beliefs and teaching
practices were assessed. For example, the practices which teacher L used were more versatile
than what the teacher questionnaire could reveal. In the author’s opinion these four teachers
had their belief systems quite well in balance with their teaching practices. They were very
experienced and now they had self-confidence and courage to do things partly in their own
way. They had freedom in their teaching.

Fifth, the different methods complement each other. On the basis of one method you can
often make too simple and too strong conclusions. The questionnaire data makes it easier to
do “erroneous’ interpretations at least for two reasons. The first is the fact that teachers want
to give desirable answers, if somebody outside the community asks the questions. Also the
point of view can be different. In the interview you can also get important information which
you have not asked at all. This is not possible when using just the questionnaires.
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Sinikka Lindgren

Prospective Teachers’ Math View and
| Instructional Practices

| An Analysis of Four Cases

Background

The study at hand is a longitudinal research effort. The main target group is the prospective
elementary school teachers at the Department of Teacher Education of the University of Tam-
pere. My intention has been to follow the target group through the phase of teacher education,
during lessons, exercises, and teaching practicum, and during their first year of teaching on
the field after graduation from university.

I understand an individual’s mathematical beliefs to be composed of his or her subjective
implicit knowledge on mathematics and its teaching and learning. Conceptions are conscious
beliefs. The beliefs - conscious and unconscious - can be seen as a belief system. (Torner & ;
Pehkonen 1996, Lindgren 1995.) In an effort to achieve school reform we need to focus our ‘
attention on the belief systems of teachers and teacher candidates. It is also important to un- :
derstand the structure of beliefs and their birth and development.

In my earlier reports I have reported theory and data concerning the structure of beliefs and
conceptions on teaching mathematics. [ have been using data gathered in Tokio in fall 1991
(n=101) and data from my own students at the University of Tampere (n=163). I have used
both a quantitative and a qualitative approach. My study has been principally based on the
theories of Thomas Green, Alba Thompson, Paul Ernest, Alan Schoenfeld, and Kuhn & Ball.
(See Lindgren 1995, and 1996.)

Method and procedure

In the task to assess the prospective teachers level of development on beliefs about teach-
ing mathematics I have been using the theory of Thompson. Her framework consisted of three
levels. At each level specific features can be distinguished in relation to the following ques-
tions (Thompson 1991):

What is mathematics?

What does-it mean to learn mathematics?

What does one teach when teaching mathematics?

What should the roles of the teacher and the student be?

What constitutes evidence of student knowledge and criteria for Judging correctness,
aceuracy, or acceptability of mathematical results and conclusions?

P e
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In my factoral analyses I found to some extent corresponding dimensions with Thompson’s
levels 0, 1, and 2. In accordance with the items which formed these factors I named these di-
mensions as new variables: level RR (Rules and Rutines), level DG (Discussions and Games),
and level OA (Open Approach). In the questionnaire each item was scaled from 1 to 5, where
5 meant full agreement with the proposal of the item. For each student the values for the lev-
els RR, DG, and OA were obtained by counting algebraically the means for the items that
formed the certain level. The values of these means were then standardized.

On the basis of frequency analyses of these three variables from the whole target group the
level DG could be seen as divided to three parts: levels GR, GRO, and GO. The part GR
(Games and Rules) overlaps with level RR, the part GO (Games and Openness) with Level
OA, and GRO is their conjoint area. Thus GRO stands for a situation where the teacher si-
multaneously supports the methods of games, rules and routines, and open approach. Thus
there are five categories. (See illustration in Lindgren 1996.)

In this part of my study I want to find information on the question: What is the relation
between the prospective teachers' professed beliefs and observational data as the students en-
counter teaching practicum?

In order to answer this question, 12 students were selected from my first target group of 72
students for a closer follow-up. I had been teaching these 72 during their first year in teacher
education, both basic courses in mathematics and mathematics pedagogy. They had com-
pleted the Likert type questionnaire twice: at the beginning of September, 1993 and at the end
of April, 1994. The 12 were selected on the basis of the results of the answering of the ques-
tionnaire and a math exam during their first academic year. In the second year of the teacher
education program these 12 had been interviewed with special attention to their educational
memories (See Lindgren 1996). Lessons including their teaching practicum had been video-
taped. On the ground of the values of the new variables (RR, DG, and OA) and on the inter-
views and my evaluations of the practicum lessons 11 of these 12 students could clearly be
grouped into one of the five categories named above (in one case all of the three variables
were clearly under the mean). In the following this indicator is presented in parenthesis for the
chosen cases.

Only six of the 12 held mathematics lessons during their fourth academic year in their final
teaching practicum. Again they completed the questionnaire, now including four further open
questions. One of the three or four math lessons which I have been listening has also been
videotaped. Their supervising class teachers were asked to fill in a questionnaire. When I
constructed this questionnaire I added to the above five questions by Thompson the sixth
question: What is problem solving? This question is also included in the table about the de-
velopment of beliefs about teaching mathematics designed by Erkki Pehkonen. (See
Pehkonen 1994, 64.) Each of the six units thus obtained included six statements referring to
Thompson’s levels 0, 1, and 2 (marked with 1, 2 or 3 stars respectively in the table). The
teacher was asked to choose two of these statements which best fitted to the practicing stu-
dent’s view of mathematics and teaching mathematics. The best choice was asked to be
marked with number 1 and the second best with number 2. At the end there was an open
question regarding the supervisor’s general view of the student. When the sum of the attained
points from each unit were divided by two I obtained a measures for the openness of the pro-
spective teacher’s instructional practices, IP. In the following tables the means of IP for the

six units for each case is presented.
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A QUESTIONNAIRE TO THE SUPERVISING CLASS TEACHER
OF THE PRACTICING PROSPECTIVE TEACHER

For each unit mark the best choice with number 1 and th i
1 VAR AT A S e e second best with number 2.

e P appreciates “everyday math” | i.e. MA is useful knowledge in practical activities (*%
__MA is an interesting and a challenging subject.(***) '

__ Rules and routines are essential in MA.(*)

__ Ma i§ processes, generalizations, and perception.(***)

__ MA is learning and understanding of concepts.(**)

__MA is finding the right answer.(*)

2. MATHEMATICS TEACHING
_ PT uses manipulativ?s him/herself and lets the pupils sometimes use them.(**)
__PT allows every plupzl to take part in the development and formalizing of MA (***)
o ]I;E places emphasis on the learning by heart of rules and routines.(*)
— 1 encourages the pupils to find their own solutions and to debate on i i
- the different ek
__ PT concentrates on covering the contents of the book in order.(*) RO

__ PT wants to make the study of MA fun by using games, a variety of manipulatives and other materials.(**)

3. LEARNING OF MATHEMATICS

o Leam?ng MA is understanding MA.(**)

o I]jteam}ng MQ .is the solving of MA problems neatly. (*

__Leaming 1S to invent and assess mathematical process izati R
o Leam}ng of MA manifests itself in the quick ﬁnding of theesoi?gc%zzfgiiléiazlc;ns.( :
o Leam;ng of MA is to memorize rules and routines.(*) |
__Learning of MA is the pupil’s autonomous thinking and assessing.(***)

4. TEACHER’S ROLE

__ Maintainer of discipline and good order.(*)

__ Supportive supervisor of pupils’ autonomous thinking.(***)
- Manager of pupils’ work.(**)

__ Listener to pupils’ ideas/proposals.(***)

__ Interpreter of rules.(**)

__ Demonstrator of the right method to solve a problem.(*)

5. EVALUATION OF THE LEARNING PROCES
S AND LEARNI
__ The teacher tells/shows the correct answer.(*) R

—_ The pupils are responsible for the accuracy of the solutions.(**)

—_ The pupils are allowed to discuss what is correct or incorrect in MA (*Ex)
__ PT always checks the pupils® work.(*) '

__PT appregiates more a good process than a correct answer,(***)
—_ The teaching has been successful if the pupils have understood the matters in hand.(**)

6. WHAT IS “PROBLEM SOLVING”,

__ Doing story problems.(*)

__Going through problem cards or duplicated copies.(**)

. A-lmost all work in the math class.(**%*)

__ Finding of right strategies or algorithms.(*)

A met}‘lod by which the pupil learns new mathematical contents, (***)

__ Sometimes the main object of the lesson, and therefore concrete problems are used.(**)

THE GRADING USED IN THIS EVALUATION SCALE:

(=>0p. (%) L=>3p, 2=>2p,  (¥4%) |. =>4, 2. =>4p.

Table 1. A scale for evaluation of instructional practices in mathematics.
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Before I looked at the supervising teachers’ evaluations I carefully studied the videofilm of
each student. To get a more precise view of the student teacher’s behavior and professed be-
liefs 1 had prepared an assessment scale for evaluation of a math lesson. This had the same
units as the questionnaire for the supervising teachers. For each unit the six items - somewhat
worked up - formed three bipolar axes. When I studied the videofilm I drew lines on the axes
referring to what happened, how intensively and how often. The line was scaled from 1 to 5.
Through counting the means for each unit and the whole scale I got a measure for the stu-
dent’s instructional practice. This value of IP is marked in the following tables in parentheses.
It was quite astonishing how close these values came to the IP values attained from the super-
vising teachers’ evaluations.

Results

In this short presentation I restrict my attention to four cases. They are not particular com-
pared with the other students. As all the 12 have been given the questionnaire for the third
time I give a more complete analysis of the changes in their evaluated levels on teaching
mathematics in a later presentation.

I begin the portrayals with short descriptions of some educational memories of the math
teachers of the case. After each name in parenthesis there are the z-values of the variables
OA, DG and RR from the second measuring (1994). The following tables present the raw
values of the same variables. Thus it is possible both to get an idea of where the student
stands in relation to the whole target group and to assess the development of these variables
during the four years of teacher education.

The last math grade in upper secondary school is also included in the parenthesis. The ab-
breviation Ex. means that the case completed the extensive course in mathematics. The last
letters stand for the evaluated level of the development of beliefs and conceptions on teaching
mathematics as it was evaluated in fall 1994. As can be seen in the tables since that year there
have been changes: a clear decrease in the agreement of the RR method and for Eva and
Greetta an increase in the appraisal of the OA method.

In the last column of the tables there are the evaluations of the instructional practices, IP,
both the one made by the supervising teacher, and the one I attained through the videotape
analysis of one lesson. After the tables there will be the answers obtained from the question-
naires of 1997 to the following two open questions:

1. How do you know that your lesson has been a good one?
2. What does it mean to “teach mathematics™?

Then there are some reflections which can be found in the student teacher’s portfolio in
their evaluation of their final practicum. Finally follow my own comments.

1. Eva ( -.68, .63, .15, Ex. 7), GR

In the primary school we only calculated, and calculated the problems from the book. Then
for a period I felt math was really difficult. At the lower secondary school I liked better math.

1) Pupils have been working eagerly and actively getting into the matter. The objective of
the lesson has been learned well on the average.

2) It is getting into the matter together with the pupils taking into account their level of
attainment and their needs.
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Eva 0A DG RR P
1993 4.00 4,25 3.17 3.3
1994 4.13 4.00 3.00 (3.2)
1997 4.50 3.50 2.83 .
Table

2. The instructional practices in 1997 and the development of Fva's beliefs.

Reflections:

thriuwle:ntt;d. to make the math period a comprehensible whole where children learn things
. f[d eir own concrete working. ... I tried to get the things close to everyday life, so that
¢ children would get an idea of why the learning of these things is important. ’

Comments:

. Eva’s latest OA value was quite high and the RR value low. Th
ing the four years. It seems obvious that she has risen
knowledgc_a might not be as good as for the other female
affect her instructional practices.

e DG value decreased dur-
to the level OA. Her mathematics
teachers presented here. It seems to

2. Greetta ( .40, .63, .50, Ex. 8), GRO

My primary school teacher was really frightening. He was an old man who did not spare us
math. We did routine problems, nothing was demon-

lessons.
Greetta 0A
DG RR
1993 3.88 3 -
. 75 3.50 4.0
1994 4.25 4.00 3.17 (3‘8)
1997 4.50 3.50 2.83 .

Table 3. The instructional practices in 1997 and the development of Greetta's beliefs

' 1) The pupils are
Jun” have been heard,
2) It‘ is helping the pupils. It is to
all pupils get fitting challenging tasks
Reflections:

contented, eager, and somebody wants to do extra. Comments “This is

make easier/complicate the problems in such a way that

Math is a fairly clear subject to teach. To hold a routine less
more what Sinikka calls “Guided discovery”. How can I
the weakest pupils? I have learned very
differentiate my teaching to individuals.

Comments:
Greetta held very good lessons. It is oby

Crease in her OA value was very high and
Was one of the highest. She was very enthusi

ious that she has grown to the leve] OA. The in-
the. IP measure given by the supervising teacher
astic about teaching mathematics.
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3. Ian (.95, .20, 2.28, Ex. 6), GRO

s the headmaster, and a very busy man, he gave us the
problems, and then came o check if they were done. We proceeded precisely according to the
text of the book. My lower secondary school teacher was more demanding. | think his disci-
pline was too strict, and thus embittered the pupils’ attitudes towards math.

My primary school teacher wa

Tan 0A DG RR P
1993 4.63 3.75 4.00 28
1994 .88 3.75 4.00 2.7
1997 413 3.00 317

Table 4. The instructional practices in 1997 and the development of lan's beliefs.

1) The pupils are concentrated on getting into the matter and the lesson does seem to end
all too soon. The pupils will come back later to the themes dealt with, e.g. during the recess.
2) To stimulate the pupils’ brains to work on mathematical problems and solve them with

good reason and perseveringly, alone and together.

Reflections:

I found the lesson successful when the orient
the point. ...I tried to use teacher-centered meth
as I myself and the pupils were concerned. After
feed-back 1 received, I directed my efforts toward
pendent work of the pupils was amazing in the sense 0
trated on their work.

ation for the objective was easy to give and to
ods, but they proved really paralyzing as far
this, based on my own experience and the
more pupil-centered methods. The inde-
f the intensity with which they concen-

Comments:

The class where lan was teaching was quite a d
problems. But he was very enthusiastic about teaching mathematics and always wanted to do

his best. I think that the decrease in the OA value depends on these problems. While the later
OA value is below the mean and the RR value quite high (over the mean in respect of the sec-
ond measuring) I conclude that he is still on the level GRO. The IP value given by the super-

vising teacher is one of the lowest.

ifficult one. Ian clearly had some discipline

4. Laura (.13, -1.5, -.21, Ex. 10), OA

e only good memories. I had several teachers - an old lady, a
young female prospective teacher, a preoccupied man - the best memory is that I once was
allowed to teach the rest of the class. In the upper secondary school 1 had a very good

teacher. His personality was great, and he used all kinds of experiments.
1) The objectives set for the lesson were attained: the pupils had learned what they were

supposed to and they had experienced “the joy of learning” as they had been able to solve
problems that were an appropriate challenge for them

From the primary school I hav

Laura 0A DG RR Vid
1993 4.88 3.25 2.83 3.5
1994 4.63 2.75 2.83 (4.4)
1997 4.50 4.25 3.17

Table 5. The instructional practices in 1997 and the development of Laura’s beliefs.
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2) The teacher hel i
ps the pupils to realiz
ors bt : e, to learn and to a ‘ :
s bringing the subject matter as close to the pupils’ own expgfil;lzgglg: X ma'tll;llemaucal e
possible.

Reflections:

[ set as m ] :
with my teaclzifgaBt;litoiSioum Incorporate and apply the principles of constructivism al
leiotiizde and thlat S r;lctmsmhl understand that teaching is based on the pupils’ ; (13_113

; close to the pupils’ own . _ earlier
to find out what is the relationship between, on t}::()cr)lr?eo}f excliJ et i
games and playmg, and, on the other hand, mech o
most effective and motivated. ’

e .. I hope
. ind, practicing with the help of
anical practicing, in cases where learninpé 1s

Comments:

Mostly Laura’s lessons w
: ) ere very good. Someti o
teaching a . etimes she had discipl
o grega ; a\{f;r;}; :lfﬁ?]u“ multi-grade class. Anyway her enthusiasm lfI;r]r‘:: plrf‘)blems' e s
r reflections about her teaching were most profound and ilclr:)ng }inatl'lematlcs
ugh-going. The

increase in the RR value can be und
: : erstood by th 1
plains the fact that she did not get the highest }IIP veaggsblems e n iy g sl il g0

Summary

According to Paul Ermnest there are t

mathematics teaching: hree key elements that influence the practice of

. l . .
] . . l l

° the s',ocial context of the teachin
ties 1t provides

the teacher’s level of thought processes and reflection

g situation, particularly the constraints and opportuni-

Figure 1. A s ]
ummary of the instructional practices of the presented cases
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According to him these factors determine the autonomy of the mathematics teacher and the
outcome of his or her teaching. (Ernest 1989.) While following the intructional practices of
above presented prospective teachers I could mirror the relevance of these Ernest’s factors. In
order to get a clearer view of the positions concerning the beliefs and instructional practices of
the cases I have illustrated the above Ernest’s key elements as three partly overlapping circles.
As one of the individual’s mental schema is his or her knowledge of mathematics, I have de-
picted it over the circle of mathematical beliefs.

Using the values of the variables OA, DG, RR, IP (Tables 2-5) and the reflections by the
prospective teachers I evaluated the location of the cases as shown in the following design.
The area where all the circles overlap illustrates the most desirable situation in teaching
mathematics. In the drawing the circumferences of the circles illustrate the evaluated mean
values of the dimensions. The areas inside the circumferences represent values higher than the
means and areas outside the circumferences values less than the means. Of course this is a
very imprecise picture of the situation, but I think it helps to outline or assess how different
factors have influenced the observed instructional practices.
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Christoph Oster

Problem Solving Situations in Private Lessons
A Phase-Model

Introduction

In addition to my last presentation on the MA VI-worksho

€se activities. While talking nets of
; c
beliefs (see Pehkonen & Toérner 199

ut their experi-
opies of experi-
5, p.1) and sub-

o
=
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=
2
=]
o
=
)
o]
o

in taking private

lessons.

b) When I got marks between 4 and 5 j
did n'ot See any possibility of being suc
c) Private lessons aimed at
matical tests’

N grade 11.2, I at once ordere
: cessful on my own.
getting better marks, -

d private lessons, becayse I

The aims were better marks in written mathe-
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2. Quotations referring to deficiency in understanding

a) The problems are my gaps, a result from school lessons, where 1 did not get everything or did
not understand much.

~ b) From the beginning I did not understand differentiation.

c) 1needed help at home, because | did not learn successfully at school.

|

In the student’s opinion the causes of bad marks are the result of unsuccessful learning and
increasing gaps.

3. Quolations referring 10 causes of unsuccessful learning

a) A problem was the exchange of the teacher. The new teacher explained in a dif-
ferent way.

Student’s comments: Teachers’ explanations are often difficult to understand.
Explanations can be simpler. Students explain in a more relaxed way and I am
able to understand better.

© b) I am not attentive all the time, because the group is t00 big and

- in class it is often loud.

- in class we sit quite close together.

- the teacher is not able to care for everyone.

- The teacher cannot repeat explanations ten times.
¢) further aspects:

- ] have little mathematical talent, so mathematics has been no fun for me since
grade 6.

- I have less practice.

_ It is difficult for me to work continuously. J

Several kinds of disturbances in the process of learning seemed to be the causes of defi-
ciencies in mathematics.

From this point of view there are four individual sub-categories of disturbances experi-
enced during the process of learning:

e linguistic (way of explanation at school)

e communicational (in-class conditions and in-class behavior)

e affective disturbances

o personal deficiencies (poor conditions)

Obviously it is possible to transform the hierarchy of causes - as mentioned above - into an
individual model of aims in private lessons divided into 3 levels:
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level 1

get
better marks
in written tests

level 2
improvement of

the cognitive capability

e compensation for
- several kinds of in-class disturbances
- personal deficiencies and behavior at school

Figure |: Individual model of aims in private lessons.

A problem solving model' to the process coaching

phase 1 and the wished conditions of
H h | :
R Wkt C};. ase 3 (arrows A and B), the concept itself influences

. phasg before private lessons are ordered:
increasing problems in the process of learning
1. decision - problem analysis - plan

|

A
phase qf problem solving :
!ea{'mng at school and .
learnmg in private lessons ‘ MO O
2. decision - solution (?)

[ ;

(wished) phase: learning without private lessons

Figure 2: Problem solving model about coaching.
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i e just made
This model of problem solving is suitable to embed all other case-studies I have
is ‘ : ' o
about bad students’ behavior in connection with coaching

Summary |
1 is situati f learning
i i tiated concept of his situation o _

arded here had quite a differentiat limatieam 5

Flilhe St:ilccise n;nldrieti context. Based on the view of himself the stude}?t felt \:glpr\; S o
me}x}t .el‘l‘lezorig . eine Kette, die alles mit sich fiithrt) that drag§ e\;ler.yt tmg ba Stip-
" rcelligg the in't'erview as a whole it is possible to reconstruct this chain step by :

ga

1. lack of understanding at school
2. problems with homework

3. bad marks in written tests

4. ordering private lessons.

situation is regarded as fateful. The student felt inable to escape from this
m

The proble scription of his fate and part of his

fate. Moreover, the chain itself is the metaphorical de
mathematical belief system.

In his problem solving pr . T (s€
suitable tgol to destroy the chain, and this copceptlon is the hr‘eslf(‘);liﬁet ki vy
ienced in mathematical learning (see quotations above), which 1 p
ri

necessity of coaching.
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Erkki Pehkonen

Beliefs of Mathematics Professors on Teaching
Mathematics in School

1. Background

In order to understand teachers’ performance — also university professors’ performance, it
is helpful to know their beliefs. An individual’s beliefs conduct his performance and filters his
observations. Therefore, beliefs are the paramount interesting research object. In order to de-
velop teacher training, one should find out the belief systems of teacher educators.

1.1 Definitions for some concepts

Here, I will use those definitions for the basic concepts which are dealt with in detail in our
earlier published papers (Pehkonen 1995, or Pehkonen & Térner 1996): I understand beliefs
as one’s stable subjective knowledge (which also includes his feelings) of a certain object or
concern to which tenable grounds may not always be found in objective considerations. Then
I will explain conceptions as conscious beliefs, i.e. I understand conceptions as a subset of
beliefs. An individual’s view of mathematics is a wide compound of his beliefs and con-
ceptions.

In some cases, persons may not be able to describe their view of mathematics or some
parts of it. But they might have some kind of preconceptions or images on the topic under dis-
cussion. The object of an image can be a thing or a person or both. For example, Clandinin
(1986) defines it, as follows: “Image is a way of organizing and reorganizing past experience,
both in reflection and as the image finds expression in practice and as a perspective from
which new experience is taken. Image is a personal, meta-level, organizing concept in per-
sonal practical knowledge in that it embodies a person’s experience; finds expression in prac-
tice; and is the perspective from which new experience is taken.”

2. Realization of research

This is a part of a larger research enterprise “Pupils’ mathematical beliefs” supported by
the Finnish Academy which enterprise aims to improvement of mathematics teaching in the
upper level of the comprehensive school (13-15 years-old pupils). In the research enterprise
in question, we will restrict ourselves in improving mathematics teaching within the frame-
work of beliefs. An individual’s mathematica] beliefs forms a regulating system for his
math€matical knowledge structure. In order to be able to improve teaching, it is of paramount
importance to inquire information from this regulating system and its function. Only thus we
might be able to understand the determinants of mathematics teaching in school.
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2.1 Research questions These research units with the code i
_ e in brackets of the person i

The purpose of this research is to find out what kind of mathematical beliefs are submitted anew file, P stated it were collected to form
to teacher students during their university studies at mathematics departments. The teachers of The research units were printed, cut into pieces and physically classified i
mathematics courses are naturally in the key position. Since it is not possible to investigate i Thfough ordering the research units within each interviewy u Sfl ied Into groups.
mathematics views of them all, we decided to restrict here on leading mathematics professors. 1deas behind the research units were found. Thus, the “messages”qof fh?p,tthe. Zroups -or the

’ interviews emerged.

Thus, we wanted to clarify:

What kind of beliefs do mathematics professors have on mathematics and its learning and 3
. Research results

teaching?
What kind of beliefs do mathematics professors have on teachers’ view of mathematics and In Table 1, there is the distribution of th _
its improvement? tions of research question (B) © research units according to the inferview ques-

What kind of beliefs do mathematics professors have on student teachers’ view of mathe-
matics and its improvement?

Since this paper is the very first one from the research project, we will take only one re- : : P L ST
search question under considerations. We will restrict ourselves to the research question (B). interview question @ = emarics
frequency of research units 36 ©) ©)
2.2 Practical realization 30 2%
In May 1996 seven mathematics professors from five Finnish universities were inter- Table 1. The distribution of research units according to the intervi ;
viewed with the method of theme interview. These professors are in their departments respon- within the research question (B). emledEquettians (-ty
sible for education of mathematics teachers. The mode of interview was the so-called theme
interview (e.g. Hirsjarvi & Hurme 1995), in order to get the most free style of narration. ~ Through classifying research units within each intervi '
When using a narrative style of interview, the outcome of beliefs was more probable. into which the ideas (research units) were clustered ”11"-}\;16“; question | was:ableto find groups
The length of each interview was about sixty minutes. All interviews were recorded on a 1’65‘3_511’(11‘1 question. In the interviews, the real (4) anci id U? Scou'ld e
video tape. To the interviewed professors, the themes (the main questions) of the interview to differ from each other; and then ask for methods of 9% &)riewolamatiamelivs wersticl
were told in advance in phone, in order they were able to accommodate themselves to the [ am compelled here to restrict my considerations tlmirovement (6). For the lack of space,
forth-coming interview, as well as in the beginning of the interview. mathematics, i.e. to the interview question (4) 61 WiB LITSL DF U4E professons” s iof
For each research question, I have generated three interview themes. For the research 31 R . '
question (B), i.e. feachers’ view of mathematics to which we will here restrict ourselves, the . T eal view of mathematics
following three themes were attached: 1e central ideas (36 research uni — ,
What kind of view on mathematics and its learning and teaching do mathematics teachers ematics professors to the questio;l “I‘E\Sf)h;)f lt<}11§dr e::)st}3 onses given In the interviews by the math-
have? | | . . | . teaching do mathematics teachers have?” might b‘;le‘;zsﬁn mathematllcs and its learning z_md
What kind of view on mathematics should they have, in order it would be optimal from the groups (the response frequency in brackets): y aranged. nte the five following
view point of school teaching? teachers’ knowledge is poor (15) .
How could one promote adapting of such a view of mathematics during university studies? sons}iderations on teachers’ perS(),nality C)]
eachers’ working envi ]
2.3 Methodology used professors’ task (gs), entnentshowld be improved (),

In the qualitative research, one possible approach is the so-called naturalistic paradigm positive in teachers (1).

(Lincoln & Guba 1985, Guba 1990, Najee-ullah 1991). Here we try to follow the leading idea
of an inductive data analysis (Lincoln & Guba 1985) according to which theory comes from
the data, the so-called grounded theory. The interview method used, the so-called theme in-
terview belongs to semistructured interviews (Hirsjarvi & Hurme 1995).

The data analysis. The steps of phen'omenological analysis of interview data suggested by Very strongly in six research units. It was stated that sch ;

Hycner (1985) have served as a model for the data analysis: The procedure used was, as fol- ics teachers are “rather far on the level of 4000 yejzrs falcoioll? n;athematlcs’ and also mathemat-

lows: . ' ’flafhlemrc‘ztics is [for_theﬂj] a rather concrete matter” (P6). ;{h};fomc;n mathematics " (P6), i.e.

The video tapes were transcripted and copied on paper. SChO0IS also teaching is some kind of rigid” (P3), th professors emphasized that in
The written interviews were read several times, and such segments in the text were under- teachers do not seem to have security and coura ’ t athalso in upper secondary schools

lined which consisted a clear idea unit answering the research question. there are teachers who must “work hard in order t ge to shorten the courses” (P7) and that
The clear idea units found which are called here research units and which answered the re- pupils” (P1). o make those tasks which they give to their

search question were underlined.

I
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During the interviews, explanations to the mentioned lacks were given in the following
four ideas. On the one hand, it was stated that “feachers’ mathematics learning has been
stopped or gone backwards” (P6) and that “all the time it [learning] will get worser” (P3).
And on the other hand, it was speculated that “teachers ... will support, as d rule, to that
book-based knowledge” (P4) and that “of course, [teachers] have not reached that level”
(P3). At the same time, it was emphasized that “the level of teachers might still be improved
 we should have such teachers for whom mathematics is more natural” (P1).

Furthermore, the worry for primary teachers’ mathematics skills and attitudes were put
forward in two research units. These were: “[teachers] might have at the primary level ...
also in knowledge a few lacks”™ (P3), and “at the primary level, there are 100 many such
teachers who do have no interest in mathematics” (P7).

N.B. These statements were given by five professors.

Considerations on teachers’ personality. In this group, there were gathered such thoughts
which were not directly connected with teachers’ skills, but more with their background. In
three ideas, the meaning of a teacher’s personality and personal view for his teaching was
taken into consideration: “if depends very much from personality” (P7), “if he [a teacher]
doesn’t have ... a view of mathematics ... his possibilities to survive may be difficult” (P7) and
“seeing of connections stays mainly on a teacher’s responsibility” (P3). The view of math-
ematics possessed by upper secondary school teachers was prized in two research units, as “af
the upper secondary school, mathematics is presented more many-sided” (P3) and “a upper
secondary school teacher is, however, nearer ... g00d mathematics” (P1). In addition, it was
delightful for school reform that "in each school, there are also teachers who are ready 10

improve themselves 7 (P4).
N.B. These statements were given by four professors.

Teachers’ working environment should be improved. When pondering teachers’ view of
mathematics, it came also into light a teacher’s poor working environment. In these ideas, the
hard points of teaching, and especially at the upper level of the comprehensive school (13-15
year-old), were put forward, for example “the work [teaching at school] is apparently very
tedious and unrewarding” (P1).

The question of working discipline was taken as the next one: “the share of mathematics
teaching have sometimes the second place instead of keeping discipline in class” (P7) and
“school teaching should be got in some sense clearer job that you are not compelled to be at
the same time a policeman and a father and mother and a teacher” (P1). The other point to
be stressed was the heterogeneousness of teaching groups: "if one has a heterogeneous group

it is much more complicated to teach” (P7) and “pupils in advanced course are also rather
heterogeneous” (P1). The third aspect to be discussed was the hurry in teaching situation, as
“mathematics courses are packed 100 full” (P1), and the lack of degrees of freedom, as “a
mathematics teacher is rather much knotted with the concrete schedule ... he has been left

very little time to ripe these proper ideas” (P1).
N B. These statements were given by two professors.

Professors’ task. Some of the thoughts were concentrated around that what at the university
should / should not be done. One professor pondered school mathematics and his own rela-
tionship to it. We are “perhaps 00 self-sure about that this is school mathematics and it has
always been taught like that” (P6). The other one looked for a reason to the situation from the
power of analysis: “a@ problem in F inland ... is the very sirong school of classical mathemati-

cal analysis” (P4). The third professor considered the situation from his own view point: “af
the university ... we should make the teacher program somehow more appealing” (P1).

e
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N.B. These statements were given by three professors.

4. Discussion

In the intervi
eachers vieexiv;e;vrz;l :E: Ig;giessgrs were aslked to describe their conceptions on mathematics
mitted that they don’t kno Sil e IIeryIeys; it came clear that some professors ad-
their images of (eachers’ W t ef school regllty, and therefore were more or less explainin
sl el il ;/leW 0 mathematlFs. Especially, their knowledge of comprehensivi
Summarizing the resulte emed to be questionable, not to mention primary school teachers
Ptotsssomran e teac; 1nt? 13] few statements, we might put forward the following onéS'
improved. As another as ecfrih owledge base as poor and old-fashioned which needs to be
own view of mathematifs for he.y emphasized the meaning of a teacher’s personality and his
very poor one, and stressed that ™ ;e aching. They blamed teachers’ working environment as
TEe resea;ch e ShoWsa it should be improved.
teschiers” knowlodge bas G 0veryAcleariy that the professors agree with the situation that
plays a role in teaching. But poor. And they have a common idea that a teacher’s personalit
have a good picture abt.)ut Ilr]:anly b (m.t erviewed) mathematics professors don’t seem tg
example, professors P3 anschoblmatl:iemamS antlem SiefiSpeling vl arSehis. Hon
but during the interviews th d'da,m ed very much teachers’ poor mathematical knowledge
Therefore, it might bo that 63/] idn’t refer to the school reality, as e.g. professors P1 and 1%7,
mathematics teachers — which Et:l)lf Wefe SIAng Ot g Wess niiges: of schael mafhemailes anci
Ps) t]lvresented % KhaH Kiteas aii S.t St(; ;ehréfr:})il;ézlasir:ittec; A c}?upie of professors (P2 and
might conclud : w of mathematics. Summarizi
a clear Pictmeeo}hil\:hz]toiss ﬁi};’;g’;ﬁﬁmﬁlﬂcs ]Iil'Ofessors nvolved in teacher educatioilnzr(;il’?i;:z
thelnee (LS for a moder mathematicsgt:; CS;e :OL and therefore, they don’t understand what are
n order to im i ' .
for improvementlzgot\c])ehr;aﬂ:li;n atlc}i teacher education, it is very clear that one of prerequisites
X p the mat ei_natlcs p.rofessors involved to develop a proper and truth-
ern school reality and its requirements. Therefore, they should becr;l:ne
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Martin Risnes

On Self-Efficacy and Mathematical Beliefs
A Structural Modeling Approach

This paper reports an attempt to examine and describe students’ beliefs about mathematics at
undergraduate level. Our findings indicate interest, anxiety and self-efficacy beliefs as important
variables influencing student behavior in mathematics.

Introduction

Mathematics constitute a central part in study programs at university level. It is a common
observation that many students find mathematics to be a difficult subject. Students going to a
business college, often have a rather weak background in mathematics. In addition many stu-
dents have in their former mathematics classes, had quite frustrating experiences in learning
the subject. In the project we are studying the interrelationships between students prior expo-
sure to mathematics, their beliefs about mathematics and their achievements at college level.
This paper will report preliminary results from a study to examine and describe students
mathematical belief structures.

Theoretical framework

During the last ten years researchers have stressed the important role of students’ beliefs in
the teaching and learning of mathematics. This is part of a renewed interest in the affective
aspects of mathematical education, as summarized by works in McLeod and Adams (1989),
Schoenfeld (1992), Pehkonen and Torner (1996), McLeod (1992). McLeod describes four
categories of beliefs studied in the literature, beliefs about mathematics, beliefs about oneself
as a learner, beliefs about mathematics teaching and beliefs about the social context. The be-
liefs students bring into the learning situation, determine both how they approach mathemat-
ics and the mathematical skills they are motivated to acquire and use. Carr (1996) brings to-
gether researchers from different perspectives to treat the issue of motivation in mathematics.
A common theme in the papers in Carr is a need for further studies on the relationship be-
tween motivation and metacognition as they affect students mathematical strategy use and
achievement.

We will mainly base our presentation on social cognitive theories of motivation like ex-
pectancy-value theory and self-efficacy theory, Meece et al (1990), Wigfield (1994), Bandura
(1995). In expectancy-value theory the focus is on expectancy Judgments concerning antici-
pated gutcomes and consequences of action, treating the perceived value as a strong predictor
of achievement. In self-efficacy theory the emphasis is on efficacy judgments concerning ones
ability to successfully perform the action, stressing the impact of efficacy beliefs. F ollowing
Bandura we could say that how people behave can often be better predicted by their beliefs
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about their capabilities than by what they are actually capable of accomplishing, for these be-
liefs determine what individuals do with the knowledge and skills they have.

Purpose of the study

The purpose of this study is to examine and describe student beliefs about oneself as learn-
ers of mathematics and beliefs about mathematics. Following social cognitive theories we hy-
pothesize that beliefs related to self-efficacy and self-regulated learning will play a mediating
role in the influence of mathematical experiences on motivational beliefs and achievement.

Beliefs about mathematics

Beliefs about mathematics are closely related to motivational issues. Pintrich and De Groot
(1990) present a conceptualization of student motivation based on a general expectancy-value
model with three motivational components: a) an expectancy component which includes stu-
dents beliefs about their ability to perform the task, b) a value component which includes stu-
dents’ goals and beliefs about the importance and interest of the task and c) an affective com-
ponent which includes students’ emotional reactions to the task. The value component and the
affective component in this model is closely related to achievement value in the expectancy-
value model due to Eccles et al, defining the achievement value part as composed of intrinsic
value, utility value, attainment value and cost, (Wigfield 1994).

The utility value may be considered analog to the construct perceived usefulness of
mathematics as used to study gender differences and math performance. The intrinsic or inter-
est value is related to the enjoyment in performing the activity and the interest in pursuing the
task. The cost value may be compared to negative emotional aspects like anxiety relating to
engaging in the task. Constructs of anxiety has been widely used in studies of attitudes and
beliefs even though its theoretical foundation is rather vague and the results are often some-
what inconclusive. We also include in our analysis a construct relating to the belief that un-
derstanding concepts is important in mathematics.

Beliefs about oneself as learner

The other main component of beliefs relates to beliefs about oneself as a learner of mathe-
matics. In the literature a number of reports are studying the relation between achievement
and constructs like self-concept or self-confidence. These terms have mostly been used to as-
sess students confidence in their ability in mathematics or their general academic self-concept.

The term self-efficacy is used to describe how a person think he is able to accomplish on a
given task , Bandura (1995). The term self-concept may be seen as a global estimate of effi-
cacy, compared to self-efficacy giving a more domain and task-specific measure of efficacy.
The relationship between self-concept and self-efficacy and their influence on math perform-
ance, have been studied by Meece et al (1990), Pajares and Miller (1994).

The two self-beliefs about mathematics, self-concept and self-efficacy, may be seen as
constructs related to how students regulate their achievement outcomes. Relationships be-
tween motivational beliefs and self-regulated learning strategies have been studied by Pintrich
and De Groot (1990). Based on social cognitive theories, Zimmerman has worked on the self-
regulatory processes that govern human development and adaption. We include in our study
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INT Interest. Sample item: “I like mathematics”. The variable for mathematics as an inter-
esting and enjoyable subject is analog to ‘intrinsic motivation’ in Skaalvik and Rankin (1995).

ANX Anxiety . Sample item: “1 feel anxious at mathematics tests”. Variable in the tradition
of studies on mathematics test anxiety.

USE Useful. Sample item: “Mathematics is a worthwhile and useful subject”. Variable for
mathematics as a useful subject stressing the utility aspect of mathematics as in the Fennema
and Sherman Scales. In some studies this variable is related to intrinsic value.

UND Understand. Sample item: “Getting a correct answer is more important than under-
standing why the answer works”. This variable relates to the importance of understanding
concepts in mathematics and to give reason for your approach when solving a mathematical

problem, Kloosterman and Stage (1992).

Variables for prior exposure to mathematics.

Students prior background in mathematics are measured by year giving the number of
years (1,2 or 3) following a mathematics course in upper secondary school and grade giving
the grade (2 lowest,3,4,5,6 highest) at the final math exam. This information was provided by
the students as part of the questionnaire.

Variable for assessing basic mathematical knowledge.

In the second part of the questionnaire following the section on mathematical beliefs, we
presented a test on basic math knowledge from comprehensive school at agelevel 16-17. This
test was developed by The Norwegian Mathematical Council in the 1980ties and was in 1991
used in the Nordic countries to assess mathematical skills in freshmen university and college
students,(NMR1991). The 38 items are covering the areas: arithmetic T1, everyday life T2,
algebra T3, problem solving T4, geometry 15,

Structural Models

To study the relationships between variables, we are applying a structural equation model
(SEM) approach with latent variables, commonly known as the “LISREL model”. For a gen-
eral discussion on structural modeling see Bollen (1989) . Structural models related to our
models can be found in Stage and Kloosterman (1995) and in Pajares and Miller (1994). We
used the implementation LISREL8.14 developed by Joreskog and Sorbom (1996). The results
are based on studying the covariance matrix for the indicators involved, treating the indicators
as continuos variables. In later studies we will reexamine our models by using polychoric co-
efficients for studying ordinal variables. For estimation of the models we use estimation by
the method of maximum likelihood (ML). Due to missing values the number of cases in this
study is 246. We present one measurement model and two causal models.

Model 1 is a congeneric measurement model for the 8 latent variables identified by the previ-
ous factor analysis. Table 1 gives the standardized path coefficients for the factor loading on
cach of the 25 indicators in the model after estimation by ML and 10 iterations.

The hypothesized Model 1 is evaluated by the chi-square goodness-of-fit test of our speci-
fied model versus the alternative that the data are from a multivariate normal distribution with
unconstrained covariance matrix. Our model has a chi-square of 396 with 247 degrees of
freedom compared to the unconstrained model with a chi-square of 3444 and 300 degrees of

ModelMZ To study the relation of the beliefs var
sm%ctural model with the 8 latent variables fr
variables influencing the dependent latent va
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freedom. ' 1

- accept;lg;g r;‘;iz Icg) ((:)}tnlizquare to degrees of freedom in model 1 is less than 2 and seems to

De accel degre.e b Root b fe‘:an Square Erro:: of Approximation (RMSEA) measure used to as-

e el thag . E)tgo'f th_e model is 0.050. Browne and Cudeck (1992) suggest that

cond Tt s Lo : mdlcgtes an acceptable fit and values less than 0.05 indicat
mean square residual (RMR) of 0.051 is also indicative of a good re;;i;-1

sentation of the data, even thou ‘
. gh the index AGFI=0.86 i
0.90. Based on these indicato .86 is below the recommended level
75 of
Eores ot we conclude that our measurement model gives an acceptable

[ REGI 0.81(14.09), 0.82 (14.21), 0.72 (12.10)
REG2 0.89 (15.85), 0.94 (16.96)
Mor 0.78 (14.07), 0.84 (15.45), 0.81 (14.65), 0.76 (13.49)
,;[AIIHL 0.70 (11.45),0.79 (13.17), 0.67 (10.83)

T 0.87(16.83), 0.75 (13.41), 0

.83), 0. 41),0.86 (16.52), 0.93 (18.82), 0.70 (12.2
i .82), 0. .29

ANX 0.79(12.29), 0.74 (11.96), 0.70 (11.29) ( :
USE 0.57(7.35), 0.95 (9.84)
Lri/ND 0.64 (10.30), 0.85 (13.93), 0.79 (12.84)

€ number of coefficients give the number of indicators for each variable
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a better fit by letting some of the indicators lo
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components. An alternative version of Mode] 1
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this model is rejected. The correlations among t

odel 1, indicate that it would be possible to get
ad on two different latent variables. Given tghe
keep .the simple measurement model with pure
treating REG1 and REG2 as one construct for

immerman et al (1992), gives a
: 4 poorer fit and
he latent variables are presented in table 2 ’

REGI REG2 M

— i or ABIL INT ANX USE

MOT -0.12 -0.13

fBIL -0.03 -0.00 0.67 *

AJXIT -0.18 * -0.05 0.64 * 0.55*

US;’ -0.20 * -0.18 * -0.39 * -0.52 * 0.34 *
LUND (()).02 0.06 031 * 0.37 * 0 ;15 * 0.11

.04 -0.02 - l W
*‘t_va]up 5 0.19 * -0.26 * -0.29 * 0.07 -0.19
Table
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i TEST and from

I ero path coefficients from REG2 to .
e dh vfith 371 degrees of freedom and RMSEA—0.046.
conclude that this modified Model 2 is a pr_eferab.le
4% explained varians), in
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UND to TEST, gives a chi-square of 562

d on the chi-square difference test we :
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i ' lates to students prior exposure in mat
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ith indicators year and grade to the dep : : -
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MOI ) is. Following se,if-efﬁcacy theory, we estimated different .models bylglflfoanud U% IE:J .
?rlz)arg ihe; self-efficacy beliefs REG1, ABIL and MOT to the beliefs A;;InXt, e m.Odel
akine use of the modification index strategy in LISRE_L, we preooL o
;n/lodelgS with structural part as shown in figure 3. Th(fiz'w}rlablel SC;—Ithe it g
he mediating roie o ;
IL and INT and USE. To test for t ‘ . :
Elo I\l/il(sg ’tcjx rlls.ot include a path from SCHOOL to TEST. In this model we have mzl;:;jie: anfl?;-
reel(;tion between the error terms for the test indicators T1 and T2, as both are me g

ber skills.

Figure 3. Paths between latent variables in Model 3

_ ; { 490

i i i dness of fit statistics give chi-square of
imat f model 3 took 20 iterations. Goo : 0
Wit];:lsgligacllggrzes of freedom, RMSEA=0.048, RMR=0.064 ,AGFI=0.85. We conclude tha

Model 3 gives a good fit to our data.

The structural part of Model 3 is shown in figure 2 B Th;e1 path.c:<c)1<'eff"1tc.:ienilsrl af:c;:lll dseifsl?v?gﬂ
. il 5
- IL (-0.79) and INT(-0.68) are high. This 1s indicatin :
N Mcifgag;) ftfl zﬁﬁl?and( highc)er grades, have more favorable beheflszEaléoluth mathet:}zll;a:;c;\]f;?r
the i i 1 he variable as pa -
the belief variables, we notice that t |
:)hTSI;a;kIllil bzgv)?e(ri(}.ﬂ) ABIL has a path to ANX(-0.55) and USE has a path to INT(0.19)
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The model includes paths to TEST from REG1(0.21), INT(0.43) and ANX(-0.24). All the
paths have a t-value >2. The signs of the path coefficients are as would be expected by moti-
vational theories. The squared multiple correlation for TEST is 0.34, for MOT, ABIL, INT
and ANX the numbers are 0.71, 0.63, 0.62, 0.35 respectively. The estimated correlations be-

tween the latent variables are given in Table 4.

__+

REGI MOTIV |  ABIL INT ANX USE TEST |
MOTIV -
ABIL - 0.67
INT -0.15 0.64 0.60
ANX -0.22 -0.37 -0.55 -0.30
USE = 0.33 0.31 0.46 -0.17
TEST 0.20 0.36 0.39 0.47 -0.41 0.24
SCHOOL p -0.84 -0.79 -0.75 0.44 -0.39 043 ]

Table 4. Estimated correlation coefficients between latent variables in Model 3,

Model 3 could be compared to a regression model with simultanous regression of all the
dependant beliefs variables and TEST on the independant variable SCHOOL, This regression
model has a chi-square of 545 with 317 degrees of freedom and RMSEA=0.054. In this model
the squared multiple correlation for TEST is 0.32 as compared to 0.34 in mode] 3.

Discussion

The results from the confirmatory factor analysis in Model 1 indicate that our 8 constructs
may be seen to give an adequate description of students beliefs variables. The signs of the
correlations are as would be expected. The correlationvalues in our study are somewhat
higher than often reported in the literature, Malmiviuori and Pehkonen (1996). The variable
MOT for self-efficacy of motivation from Pintrich and de Groot (1990), has a nonsignificant
correlation with the measure REG for self-efficacy for selfregulated learning in Zimmerman
et al (1992), and we can treat these variables to be rather independents traits of self-efficacy.
In this study the indicators for self-efficacy for self-regulated learning split into two separate
components with a nonsignificant correlation. The variable ABIL for ability ( self-concept)
correlates strongly ( 0.67) with MOT self-efficacy of motivation. The variable INT for inter-
est correlates strongly positive with ability and self-efficacy for motivation, somewhat lower
for useful and negatively to anxiety. The variable for anxiety correlate negatively with ability
and self-efficacy of motivation. The variable for understand correlates only modestly with the
other variables. Based on our findings the variable understand seems to be a rather poor con-
struct of little significance in our study. This gives support to Kloosterman (1991 ) who didn’t
find any important relations between understand an other variables.

Model 2 indicates that our measures of students beliefs are related to the performance on
the test, explaining 34% of the varians in test score. The findings in model 3 illustrate the me-
diating role of the self-efficacy beliefs on the motivational beliefs and on the test score. Our

study indicate self-regulation, ability, interest and anxiety as particularly important belief
variables influencing student learning in mathematics.
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The study used an achievement variable testing on math skills from comprehensive school.
In later studies we will include performance indicators relating to achievement at college
level. We also plan to look closer into the question of gender differences.

We have in this paper studied some structural models giving paths between beliefs vari-
ables. It would however be premature to draw any conclusions about causal relations between
our variables. It is possible to present a number of structural models all giving good statistical
fit to the data. Inferences about causal relations can only be justified based on a strong theo-
retical basis. It seems important to continue the work to further develop the theoretical basis
for the study of mathematical belief structures.

References

Bandura, A. (1995). Exercise of personal and collective efficacy in changing societies. In
Bandura, A (Ed). Self-Efficacy in changing societies, Cambridge University Press

Bollen, K (1989). Structural Equations with Latent Variables. John Wiley

Browne, M.V. and Cudeck, R. (1992). Alternative Ways of Assessing Model Fit. Sociological
Methods of Research Vol. 21 No.2, 230-258.

Carr, M. (Ed) (1996). Motivation in Mathematics, Hampton Press.

Joreskog, K.G. and Sorbom, D. (1996). LISREL 8: Users Reference Guide. Scientific Soft-
ware.

Kloostermann, P. (1991). Beliefs and Achievement in Seventh-Grade Mathematics. Focus on
Learning Problems in Mathematics 13(2), 3-15.

Kloosterman, P. and Stage, F.K. (1992). Measuring beliefs about mathematical problem
solving, School Science and Mathematics 92(3),107-115.

Malmiviuori, M. and Pehkonen, E. (1996). Mathematical Beliefs Behind School Perform-
ances.Proceedings of PME 20, Valencia, Spain.

Meece, J.L., Wigfield, A. and Eccles, J.S. (1990). Predictors of Math Anxiety and its Influence
on Young Adolescents’ Course Enrollment Intentions and Performance in Mathematics.
Journal of Educational Psychology 82(1),60-70.

McLeod, D.B. (1992). Research on Affect in Mathematics Education: A Reconceptualization, In
Grouws, D.A.(Ed.), Handbook of Research on Mathematics Teaching and Learning, NCTM.

McLeod, D.B. and Adams, V.M. (Eds.). (1989). Affect and mathematical problem solving: A
new perspective, Springer Verlag, NY.

Pajares, F. and Miller, M.D. (1994). Role of Self-Efficacy and Self-Concept Beliefs in Mathe-
matical Problem Solving: A Path Analysis. Journal of Educational Psychology 86(2), 193-
203.

Pehkonen, E. and Témer, G.(1995). Mathematical Belief Systems and Their Meaning for the
Teaching and Learning of Mathematics. In Térner G. (1995). Current State of Research on
Mathematical Beliefs: Proceedings of the MAVI Workshop, University of Duisburg.

Pintrich, P.R. and De Groot, E.V. (1990) Motivational and Self-Regulated Learning Components
of Classroom Academic Performance. Journal of Educational Psychology 82(1),33-40.

Pokay, P.A. (1996). Strategy Use, Motivation, and Math Achievement in High School Students.
In Carr, M., (Ed), Motivation in Mathematics, Hampton Press

On Self-Efficacy and Mathematical Beliefs 10
5

Schoenfeld, A.H. (1989). Explorati
, A.H. . Explorations of Students' Mathemati i i
nal for Research in Mathematics Education20(4),338-3 SI;Ia el elels and Behaviour, Jour-

Sch : :
choenfeld, A.H.. (1992). Learning to Think Mathematically: Problem Solving, Metacognition

and Sense making in Mathematics. In G
matical Teacking aid Learaiiz : rouws,D.A. (Ed),Handbook of Research in Mathe-

Skaalvi ;
aalvik, E.M. and Rankin, R.J. (1995). A test on the Internal/External Frame of Reference

Model at Different Levels of M -
32(1),161-184 ath and Verbal Self-Percetion.. Educ. Res. Journal

Stage, F.K and Kloosterman, P. (199 1

¢ . B 5). Gender, Beliefs and Achi i i
-lege-Level Mathematics. Journal of Higher Education 66(3) 203-:13]??1% i Hemedial Col
Wigfield, A.(1994) The Role of Children’s Achievement Values in The Self-

Their Learning Outcomes. In S
- . chunk,D.H. and Zimmerman,B.J.(E
Learning and Performance. Issues and Educational applications,. D

Regulation of
lf-Regulation of

Zimm 1
erman, B.J., Bandura, A., and Martinez-Pons, M. (1992). Self-Motivation for Academic

nment: h }‘ -

~_+—




106

Martin Risnes

Methodological Considerations on Belief Research and Some Observations 107

R S

Giinter Torner

Methodological Considerations on Belijef Research
and Some Observations

1. Introduction

It is the purpose of this paper to present a short discussion on a few methodological con-
cepts on belief research. We would especially like to point out the meaning of metaphors as
linguistic variables.

Beliefs, belief systems and mathematical world views respectively will be understood as
attitude structures (see [1 7]). In this case of identifying beliefs one could actually fall back on
the corresponding methods used in psychology. The analogue transferral of statements from
the research into attitudes establishes itself only as being conditionally suitable (see the dis-
cussion in [9]), because teaching mathematics must be understood as an integral, multi-
layered process. In this respect one will want to develop specific methodologies in research-
ing mathematical beliefs.

A widely accepted definition states that, attitudes consist of coherent, cognitive, emotional
and action-relevant components. So far, the question arises to which extent the methodologi-

2. Evaluational approaches

The reform of teaching mathematics during the 1960s assumed unexplicitly a monolithic
view of mathematics which was, however, internally specified in the sense of BOURBAKI's
axiomatics. The disallusioning questions along with the reform among others have made
clear that one can not be fair with this image of mathematics in relevance to the school class-
room. It is surprising, how qualifying changes in the estimations of the philosophy of mathe-
matics coincide with the observation that individual views of mathematics must be assigned
to a psyehologically greater meaning in the learning and teaching processes. With this idea
the research into beliefs and world views, respectfully, won tremendous notoriety.

In the meantime the tool used by DIONNE to evaluate perceptions ([5]) is recognized as
classical, namely to coordinatize belief structures by vectorial distributions of weights with
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of (basic) components.

For his research, DIONNE

(A) Mathematics is seen as a set 0
doing calculations, using rules,

[5] used the following three perspectives of mathe.matics: o
f skills (traditional perspective): Doing mathematics 1s
using procedures and using formulas.

W L

s Vi ive): Doin

Mathematics 1s seen as a constructive process (cqnsrructrwst p;rspeci;l: fzom expeg_
© athzmatic;, is developing thinking processes, building rule§ and formu

ma _ : |

riences on reality and finding relations between different notions

— i latonist and
: i of mathematics: instrumentist, p
i _ERNEST [7] describes three views - nne (1984
I];ll his S&;)l?/li{ﬁg These correspond more or less to the three perspecth; og vl?;ed © n( yearg
P ention d abové Furthermore, the same three-component model was reh 1sC o aspect and
;nentll()meTGRNER./ GRIGUTSCH [27] calling (A) the foolbox aspect, (B) tlebgfefs this person
(Eg(;rthg process aspect. In order to determine a person's mathimatlca .
’ : s.
must be asked to distribute a tota! e tol:};izetlffeizpfzil; Iiln nature. Firstly, the problem
. i u : - * .
odical problems appearing as a resulit « . tioned basis
i glge IEztrhidentifi}zation of the assumed dimensions. Regardlnglthi ar?s\llliwr:i)r;imed them-
LsategOSieS it can be accepted that these factorally anal){tlca] ?a?lgilISIetion Recent research
. to be in need ot C . _
e quite stable although they seem to. i matics: the
St;iVGSS (t);ll;tt‘?hzreci\re at least four basic components in an individual s view ;)g ;I;E)tthe
W ) -
5;c)l(;r'th component seems to be application (GRIGUTSCH f RAAle (/:1 Tt‘ORfI;I(I)SrP;l ol A
Secondly, even more difficult is ascertaining the Vec.tora ata ot ThELEbLE.
ques?;:on Al;nost no considerations of plausibility are available to the test subj .

his appraisals should not be over interpreted.

. H1 ——P Process
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ideal teaching situation).

Figure 1: The self- .
and ideal teaching of mathematic
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Finally the basic question is presented to which extent the ascertained point distribution
can justify the statement: the theoretical construction of ‘beliefs.” In other words, the problem
presents itself to which extent to the cognitive, emotional and action-related components can
be understood with a numerical list.

In each case the Dionnian statement must be classified as coarse. It should however be
noted as positive that this entirely questionable method is accessible only on the elementary
level. It proves itself in practice to be robust and convincingly provides the proof that there
are various, subjective estimations of the raised attitude objects.

PEHKONEN / TORNER [18] have recently refined the basic DIONNE fundamentals into a
graphic illustration of components which is more than just a complementary for of presenta-
tion. Test persons were asked to graphically mark their self-estimations on an equilateral tri-
angle in regard to the practical and the ideal teaching situation of mathematics. We are refer-
ring to the work appearing subsequently. The result is that such a graphical evaluation of data
is not redundant across a clear listing of the data, but rather produces a complementary char-
acter throughout. The following diagram from [18] contains the self-estimation value of the
test persons through which we, then, clarified the tendencies of change (real to ideal teaching
situation) by means of vectors.

This method allows in principle only two free variables. In practice one can assume that
three variables in their relationship to one another can be described, and a normalization can
be assumed.

These complementary statements are to be recognized as advantages:

the method combines the advantages of DIONNE’s approach
it serves as an additional data source

vectorial data are represented graphically

it assists the interviewed person to generate data

different data can be visualized in one figure

tendencies can be made apparent

3. Procedure for factor analysis

The prevailing number of quantitative works under consideration about the beliefs of
teachers and students (compare with the literature [28]) serves as methods by which certain
factors are analyzed. Beside the fundamental problem of quantitative procedures the state-
ments from the questionnaires must be kept out of our sight in this context and classified. The
expense on the part of the test persons is not insignificant, especially if going on the assump-
tion that the simultaneous reaction to analogue, linguistic charms is necessary for considering
an attitude. To this extent each component must be represented repeatedly in the question-
naires. As a result, the number of the testable items is inevitably limited. Because the discus-
sion about the consistency-theorem has not found a satisfying conclusion until now, the con-
sistency between the cognitive and emotional net must be postulated a priori.

In contrast to statements up until now GRIGUTSCH, RAATZ and TORNER have (compare also
with [29] and the dissertation by GRIGUTSCH [11]) constructed graphs on the basis of the par-
tial correlations. The vertices are the factors whereas the edges of the graph are defined
through the significant correlations. It is obvious that these structures have to be interpreted.
The produced structure will be labelled by us as a factor analytical model of a belief system.
This net structure clarifies especially the relative stability of mathematical views of the world.
From [10] will quote the following diagram which touches on a partial correlation (n = 253)
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of a factor analysis with the four factors: formalism (F), application (A), process (P) and sys-

. : e an
tenit(frl)ﬁst once again, be established that this methodological stat.ernent dz&?sn t I}):roon\;ﬁ;;n
explicit di!fferentiation between the cognitive aspects and the e.rno_tiona.l .1031 mg; el
i pfor example, for the individual in question neither a priori positively n g
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loaded.
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tool aspect

+

process application
<+

formalism

Figure 2: Intercorrelative relationships between the scales.

The method portrayed in Section 3 is trivially statistical in 1;at11_1r? ?ndcglizsszizecﬁ?;gllxeli
ecific in regard to the individual case. It only makes clear that belief stru i e
Spd t be classified as stable. It does not make any reference, however, to fow thes
fsitriilc?l?:s could possibly be changed. Thus, it is quite natural to ask for more individual,

quantitative indicator.

4. Beliefs as linguistic variables

4.1 The role of metaphors . ‘ o
According to MAIER [15, p. 119] language (also in the mathematics educatlon) is thf1 r;}c;sg
im oi’tant medium which is readily available to the teacher. Lfdnguage accompanésisuerl: cven
ini?iates each constructivistic learning process. Also, the choice of lapguage h;rilcal i
classroom is of extreme importance as in almost no other field regarding tec g ’
f the students.
idi and the actual language competence 0 _ _ S
1d1(13§1 deition the translation process, the process of modelhng using mathem:ltlcs;tlie:gaﬁ_
significant the,me of the lesson. The process of translation .(everydayllanguagle f)t ymi themat
' ' f freedom as well increases in complexi
cal terminology) gains further degr‘ees 0 .
language levels attracts some attention through[;lg 1(156 ofl ;’;g;ilr]ez r(l)g ?ljgc]e;:ht : Bringsiiaiio
i see a
is primarily through the work of LAKC}FF ‘ ] . batliog fo
theI;Za?ning ofyﬁgures of speech in teaching and learplng processes, in particular 1Sn0f -
matics. These figures of speech are not simply a beautified decoration in thn:1 pro&;ijn o som-
munic.';ition but rather specific elements which are brought about, formed and pre y

tiated.

I

Methodological Considerations on Belief Research and Some Observations 111

It was BAUERSFELD and ZAWADOWSKI [1] who, already in 1981, emphasized the meaning
of metaphors for the classroom:
We want to mention a further figure of speech. ... Metaphors, quite in contrast to this, are nearly always
formed deliberately and with intention and sometimes with much intellectual effort. In order to the use of
metonymies we produce metaphors in cases when we want to evoke a certain understanding, we want ac-

Centuate an aspect, or to lay emphasis on certaon properties, and yet we are in lack of common words for
it with an established meaning.

In this sense a metaphor is like the s
very often not only in living s
rather than rare exceptions.

quare root of 2 expressed within the rationals. Such situations occur
peech but also in mathematics teaching, where they seem to build the rule

In this regard we refer to the chapter entitled ‘Mathematik und Rhetorik’ in [3] in which
the meaning of rhetorical elements by means of mathematics is enlightened.

(1) Some cognition scientists see a close connection between the learning and the use of
metaphors in the following way:
The metaphor is one of the central tools
old and the new knowledge. (Petri)... Sim
metaphor serves understanding,

in overcoming the epistemological gap that exists between the
plifying thinks a little bit, one may say that, in the first case, the
and, in the second, that it serves explanation. (compare wih [19], pp. 92)

(2) Memory psychologists favour the coding of stored information using pictures. Here the
metaphors play the role of basis macros:
The role of metaphor for organizing and communicating thoughts about one’s personal reality is central

to a constructivist’s approach to language which views individual constructions of personalized realities
as limited by individual knowledge and language. (cf. [8]. p. 104)

(3) For constructivists metaphors are powerful aids:

We must give students "tools to think with" - and these are not merely formulas and algorithms. They in-
clude concepts and powerful metaphors... What kinds of experience does school need to provide to chil-
dren? ... we might list four ... (2) deliberately created "assimilation paradigms” - that is to say, carefully
designed metaphors that correctly mirror the structural features of various pieces of mathematics, and
which therefore give the student a basis for powerful mental representations... (cf. [4], pp. 188)

4.2 Metaphors and beliefs

It is probably more than Just coincidence

classical prototype of a mathematical world
a medium:

that the platonian view of mathematics, hence the
view, was clarified by PLATO using metaphors as

- but the surveyor, arithmetician and the as-
gures and rows of numbers, rather these al-

It was TOBIN especially[17a] who brought attention to the role o
mathematical beliefs and who was supported by his empirical result
Bug why can we expect that metaphors illuminate mathematical beliefs? In order to under-
stand teaching and learning processes in mathematics, an analysis of the different underlying
relations is specifically required. There is the teacher; there is the student and his class, and
their social interrelations. Then, we have the fixed curriculum on the other side the mathe-

f metaphors by identifying
S.
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matical content. In short, there are many highly woven complex relationships among different
subjects and objects which have to be modelled and partly personally evaluated.

Metaphors are of relational character.

In a sense, teaching and learning within a class is like playing ball. There is the ball ( =
material), there are players and so on. It is obvious that illuminating metaphors produce a cor-
responding, relational structure. We can also speak of a ‘salesman’ and ‘clients’ and the ‘ball’
is the product which has to be sold or bought respectively.

LEINO, A.-L / DRAKENBERG, M. [15] approach this theme from the other side and name as
the core of suited metaphors the categories of schools, up-bringing and curriculum. Previous
research (TOBIN [20]; ToBIN / LAMASTER [25]) suggested metaphors for teaching typically
describe three distinct roles of teachers: teaching, assessing, and classroom management. It
has the appearance that the relevant, fundamental categories, which have the character role of
the teacher, have not yet been definitively nor thoroughly discussed.

Starting points suited to particular professions seem to be metaphors in that they concern
the interaction between student, teacher and material because these produce similiar relations
in regard to the clients (customers) of the time and the products in question. Certain occupa-
tions produce moreover the advantage that their characteristics can be knowingly assumed as
being sufficient.

Without continuing the discussion , we will mention at this time some professions which
are named in the literature in the context of mathematics lesson: gardener, gas station atten-
dant, construction worker, guide (BERRY / SAHLBERG [2]); intimidator (ToBIN / GALLAGHER
[22]); preacher (ToBIN / ESPINET [19]); policeman, mother hen?, entertainer (TOBIN /
JAKUBOWSKI [23]); captain (TOBIN / KAHLE / FRASER [24]); saintly facilitator, manager, as-
sessor, comedian (TOBIN / ULERICK [26]); comedian, miser, social director, researcher, men-
tor, coach, city-planner, telephone-operator, mother, magician. (FLEENER ET AL. [8]).

Already at first glance this list makes clear that these professions display typical charac-
teristics of certain attitudes and are always in a context associated with feelings for the world
as if they played particular roles. Also the dual relationship between teacher and student is
modelled as typical of the profession. To a certain extent the relative diversity of the belief
constructions carries the responsibility.

In this lies the second advantage for the use of metaphors:

Figures of speech, e.g. the metaphors, carry subjective emotional loadings.
Our basic concern is, as mentioned above, the description of beliefs by the utilization of
adequate metaphors whereby the aspect of the roles and the material must carry the main re-

sponsibility.

4.3 Metaphors as methodical tools in the research of beliefs

In addition to the fundamental roles described above in context with beliefs figures of
speech can be seen as a methodological tool. The following categories appear to be meaning-
ful, which are already mentioned in various papers.

(a) Metaphors help to make abstract belief constructs concrete.

Refering to well-known relational figures, it is possible to generate belief constructs:
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(b) Metaphors help to conceptualize beliefs.

Nat‘urall_y the test person does not want to i
pho_r situation. This separation from a declin
terrible process of self-reflection which can b

pevitably be identified with an analoging meta-
ation up until an agreement must be valued as a
e described as a conceptualization of beliefs.

(¢) Metaphors help to group beliefs as belief systems.

| dBecause thf? figures of speech in question display
and are assogated also with emotional components (e
| the single beliefs addressed but entire beljef systems ar

on the most part, many relative “lefts”

-g. orders from a captain) not only are
e grouped.

(d) Through metaphors beliefs become conscious and are open for reflections

Just as it was addressed in (b), the self-

. as : reflection lea i
sciously Fanctions e ds to an awareness of possible uncon-

(e) Metaphors help to verbalize and represent beliefs.

A critical consideration of rel
ated figures of speech _—
the s i (o peech support a verbalizat :
BERRf;n;eS:}r{nLe a representation independent of language is made possig?elc;g ‘:]f beliefs. At
BERG [2] shows. Here, metaphors are being represented through comi(i:spaper v

() Through metaphors comparisons of beliefs become possible.

On the same note, the paper of BERRY / SAHLBERG [2] shows that beliefs

meta i ' i
phors are accessible to an International comparison independent of lang

represented by
paper of LERMAN [15] shows that

uage. A recent

Admittedly the statements sketched
pothgses of this paper which allow them
In this context LAKOFF’s work (see [1
Metaphors Preserve Cognitive Topology

here nothing more than plausible and conclusive hy-

selves to be justified by their subsequent productivity

3]) raised the question: Invari
* dnvariance Hypothesis:
? we may ask the following questions: ypoests: o

go metaphors preserve affective contexts of beliefs?
Do metaphors preserve behavorial aspects of beliefs?
0 metaphors preserve cognitive structures of beliefs?

s : . :
€, certainly many questions stil] remain unanswered

4.4 Metaphors as Methodical Tools in the Influence of Beliefs

At this'poim it should be briefly menti
- ent Tobi
the téacher’s behavior on the l:aasiy ned that Lobin

esses the fact that the reflecting of
change in the teacher’s own indivi

s of metaphors can, as a master switch, ultimately lead to a

dual behavior.,

R
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which were conducted, but these connections will be addressed and presented in a further de-
conict iable to measure beliefs o tailed paper.
i hors as linguistic varia . , similar
b S lear that metaphors can be understood as 11ngu1st1c‘ vgrlablc.:s].:){zxs ]
r - i ia
It has b‘ec?;ne \:nezs the Fuzzy Control Theory. In this case linguistic var
statement 1S Kno

; but rather linguistical value, References
s dinates are not of acute b
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ph){SI}fal ngu led over the function of membership (value d]Strllt)uU:j) r;nd compared with the [1] BAUERSFELD, H. / ZAWADOWSKI, W. 198] . Metaphors and metonymies in the teaching of
:lv]hlc jt];:e va]u]::as The linguistical variable “age” can be understoo
e ac -
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”, “old” o old”, whereby i
iti ‘ ", “middle-aged”, “old” and “very y
conditions “young”, “middle-ag

ine 80% Pallanza (Italy), 2-9 August 1981, pp. 51 - 60. . )
‘ ion in order to characterize, for example, a person 50 years_offagi fuzg,, %an be ‘ [2]  BERRy, J./ SAHLBERG, P. 1994. In search of good iearqmg._ IN H. SILFVERBERG / K_ SEINELA
mterpretatlog ' Od 15% *old”. The value of the function of membership for *y " (Eds.), Reports from the Department of Teacher Education in Tampere A 18 / 1994 (pp.115 -
“middle-aged” an 0 . 132).
80 years of age. e

shown as 0% for a person ' - [3] * Davis, Pu.l./ HERSH, R. 1988. Descartes Traum. Frankfurt: S. Fischer Verlag.
rning ourselves with the linguistic variable “dis- [4] Davis,R.B./ MAHER, C. A. / NODDINGS, N.: Suggestions for the Improvement of Mathemat.
We will apply this statement by conce gﬂ this proximity is within the parameters of ics Education. In R. B. DAVIS / C. A. MAHER / N NODDINGS (Eds.), Constructivist Views on
tance” in a teacher/student relationship. Apparently the teaching and learning of mathematics. Reston (VA): The National Council of Teachers of

& e P . 55 ich play the role Mathematics. 1997 pp. 187- 191,
imity” is coordinatize by the metaphors “entertainer” and “captain” which play
“proxim

X y 2 thematics would at the [5]  DIONNE, J.J. 1984. The perception of mathematics among elementary school teachers. InJ. M.
ions of membership. The question about beliefs on teaCthg n}g the role more or less MOSER (Ed.), Proceedings of the 6 th Annual Meeting of the North American Chapter of the
of fun(?tlo the question, to which extent does the teac_ er play hically integrate International Group for the Psychology of Mathematics Education (PME). (pp. 223 - 228)

e e r thg “captain”. Here the person in question can graphically Madison (WI): University of Wisconsip,
of the “entertainer” o : : his point as the following: 6] ELLIS, H.C./ VARNER, L.J. / BECKER, A S, 1994. Cognition and Emotion: Theories, Implications,

: res ondlng picture reveals t p : 2
him/herself. A corresp and Educational Applications. In L.A. PENNER etal. The Challenge in Mathematics and Science
Education, Psychology s Response. (pp. 83 - 1 12). Washington; American Psychological Asso-
ciation.

& [7]  ERNEST, P. 199] The philosophy of mathematics education. Hampshire (UK): The Falmer

Press.
[8] FLEENER, M.J. / POURDAVOOD, R.G. / FrRY, P.G. 1995. A study of preservice teachers' meta-
phors for the different roles of the mathematics teacher. In D.T. OweNs / M.K. REED / G.M.
distance - MILLSAPS (Eds.), Proceedings of 17 th dnnual Meeting of the North American Chaprer of the
teacher - International Group for the Psychology of Mathematics Education (PME), Volume 2 (pp. 104 -
student 108). Columbus (OH): ERIC Clearinghouse.
- [9] Gricurscw, s. 1994, Methodische Probleme bei der Erforschung von Schiilerhaltungen ge-
teacher astzaf:;;in geniiber dem Mathematikunterricht. In K.P. MULLER (Ed.), Beitrdge zum Mathematikunterrichy
a5 an-enefanar 1994. Vortrdge auf der 28, Bundestagung fiir Didaktik der Mathematik in Duisburg. (pp. 119 —
122). Hildesheim: Franzbecker.
. : ors with respect to the [10] GRIGUTSCH, S, / RaaTz, U. / TORNER, G. 1997 Einstellungen gegeniiber Mathematik bej
Figure 3. Membe;;hlﬁ !{ ‘:;ﬁfﬁ‘;ﬁ;”ﬁfﬁiee g Mathematiklehrern, Journal fiir Mathematikdidaktik. To appear.g =
g [11] GRIGUTSCH, . 1996, Mathematische Weltbilder von Schiiltern, Struktur, Entwicklung, Ein-
Suffakioren. Dissertation Universitit Duisburg, Fachbereich Mathematik.
[12] LAKOFF, G. 1987 Women, Fire, and Dangerous Things: Whar Categories Reveal abouy the

; - ' ss; therefore, not only . chid Al
- le in the teaching / learning process; . Mind. Chicago: Chicago University Press.
Apparently more; arl?brltiznlﬁgn? ;(S)IJBCtS respectfully, but also the aspe.ct§ of tr?l;llgsg’a?: [13] LAKOFF, G. 1989. The mvariance Hypothesis: Do Metaphors Preserve Cognitive T opology?
the management and ente 11, Ol e wiler hand, these linguistic varia ; Linguistic Agency University of Duisburg, Series A, Paper No. 266.
being an expert, etc. play roles as wehich then take on the role of function of membership. [14] LENo, A-L./ DRAKENBERG, M. 1993 Metaphor: an educational perspective. Research Buyl-
roughly typified by the use metaphors w letin No. 84. Department of Education. Helsinkj: University of Helsinki.

[15]- LERMAN, §. 1994. Metaphors for mind and methaphors for teaching and learning mathematics,
InJ.P, PONTE/ J F. MATOS (Eds.), Proceedings of the 18 th International Conference of the In-

) Summary - f der- l_grnatio_na] Group for the f,)s}’ChologV of Mathematics Education (PME). Volume 3 (pp. 144 -
. nts of this paper should be portrayed as an overview o anll_ltnt_ve I51). Lisboa (Portugal): University of Lisboa. | | |
ving o bt s s iy AVRIUCLIE W, e s [16] MAIER, H.-/ VOIGT, . 199] (Eds.). Interpretative Unterrichtsforschung, Koln: Aulis Verlag.
o ppeny o Stmcmr?s. h'l i s o S o ey, | LIIE o be‘ " [17]  PEHKONEN, E. / TORNER, G. 1996, Mathematical beliefs and different aspects of thejr Mmeaning,
desed i frther derl st i g in co ting W appheanon of the teacher inferviews International Reviews on Mathematical Education (ZDM) 28 (4), 101 - 108.
i i his point conce
dressed in further detail at t

B



Glnter Torner

(28]

[29]

I

PEHKONEN, E. / TORNER, G. 1997. Investigating teachers’ view on mathematics graphically. To
EH I, E. , G. .
STERED ing i ics. London: The Falmer Press.
) . Understanding in Mathematics. . : .
”?"I(EEIEN??AI’Q%OI?l?anlé’i;grmetaphfrs and beliefs: a master switch for teaching? Theory into
o0 - 127. o AU

?E}%ﬁgceKz%E]SszlNET M. 1989. Impediments to change: An application of peer coaching in hig

h 1’Sc{elice Journal of Research in Science Tea?hmfg 26, 105 - 1'20. N
;‘C OI?\I K /GALLAGHER J.J. 1987. What happens in high school science classr /

OBIN, K. e ;
Curriculum Studies 19, 549 - 560.

- TOBIN, K. / JAKUBOWSKI, E. 1990. Cooperating teacher project; Final report. Tallahassee:

o }S(ta;t’eKli\l;ii\LfgrSJmI; / FRASER, B.J. 1991, Windows into science classrooms: Problems as-
BIN, K. -, y Bl 15 ! : ‘
o iated with high level cognitive learning in science. Londo_n. Falmer Pre.ss el Bl
k;'OOCBlN K./ LAMASTER, S.U. 1992. An Interpretation of High School Sc1en;:g Sn I -
toph {ofs For i E/J.W. CORNETT/ G. 2
d Beliefs for Specific Roles. In E. WAYN LA C0 FON
?gd?;‘u}zl;?:;seiljuersonal theorizing. 1992. New York: State University of New York Press. pp
o ;N] 316(. / ULERICK, S.J. 1989. An interpretation of high school scz’ence_ teactf?i;eg zc;::gczz
12?61}7;101*5: and beliefs‘for specific roles. Paper presented at the annual meeting o
i iation. San Francisco. . . _ . _
Equcatlﬂngl f/ieg:?(r}c&/s\g;ocslétiga Mathematische Weltbilder bei Studtenanf‘anger; - em? ;:r
ggbiTlZR)(G.ennan) [Mathématica] world views on first-year-students - a study]. Journa
watik-Didaktik 15 (3/4), 211 - 252. - |
gq}:};eglané D/ml?:g]li()lrzlz(N ;3 1996, Literature on beliefs. Schriftenreihe des Fachbereichs
O ? ’ 2 ) ' PR LY .
i ' : Universitit Duisburg. _ _ -
I'}/I"atheft?{até( . Pgisf{i]()-Nl?Sill\lls%ur$996 On the structure of mathematical belief systems. Interna
ORNER, G. , E. :

" tional Reviews on Mathematical Education (ZDM) 28 (4), 109 - 112,

On a Study of Teacher Conceptions of Mathematics Instruction and Some Relations toTIMSS 117

Bernd Zimmermann

On a Study of Teacher Conceptions of

Mathematics Instruction and Some Relations to
TIMSS

Questionnaires on mathematical beliefs were administered to teachers of mathematics and stu-

different types of school in the area of Hamburg in 1989. State-
ments of 107 teachers and 265§ students could be analyzed. There will be a report on some of

the findings of the teacher study which will be related to some results from the Third Interna-
tional Mathematics and Science Study (TIMSS).

1. Some reasons for and

goals of studying teachers conception of
mathematics

Empirical reasons: Some time
analyzing the literature.! It shoul
trends of mathematics education
mathematics. This was the startingpoint of our study.

Pragmatic reasons: One has to determine, understan
teachers before reaching out for change -

common goals. Knowledge of individual

ago several trends in mathe
d be checked empirically,
could also be determined i

matics education were found by
to what extent such theoretical
n the conceptions of teachers of

d and respect the "mental home" of
normally understood as "improvement" - and new

cooperation with colleagues from many ot

Results of such research might help teachers to become aware of and reflect on their be-

liefs about learning and teaching of mathematics. Such metacognitive activities might rein-
force the striving for change and improvement,?

Theoretical reasons. Conc
processes on three levels:

her countries).

eptions of mathematics instruction might guide problem solving

®  the mathematical problem solving processes of the student,
the teaching processes of the reachers and

* theresearch processes of the math’s educators.

' Cf. ZIMMERMANN 1979, 1981, 1983, 1987.
2 Cf, e. g., PEHKONEN 1994,
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2. Design and methods of the study

Our questionnaire for teachers was developed by

The questionnaire had three parts:

. ] ] ].- ] . 1 . ].]]1I . 1]

. I
using some results from beliefs-research’, SO
comprehensive discussions with colleagues from schools an

. : h
The first one was a technical part, including questions to get spefnﬁc ffiati frc;r(r;tf;e leasner
(like age, teaching-subjects, gender, teaching experience, type and Slzel(l) . l(:a)gut ité lteaching
Th gs;:cond part included 55 statements about mathematics as we as a le from 1 (1
i, which the techers were ssked t T Toe teachers were asked 1o give their re-

e i ly"). The teachers we ‘
letely") to 5 ("I disagree completely : ) ly ina

;%2;?15 %n;passur?liig the ideal situation that they can organize their lessons completely

tl . - .. - _
Wa){";zegl:ﬁ)art included some questions about their personal priorities for teaching and pos

e wishes. . . _ -
pre%igtrzof:rl here to the second part of the reacher questionnaire only, which was struc

: : t'
follows (some key words are written in bold type to which we will refer later when presenting

some results):

1.

2,
3.

ions as
One should emphasize formal structures. Examples: Sets, groups, fields, function

sets of ordered pairs etc. e st i
ition in mathematics should be stressed. . .
!l"lll}teu :elacher should break up the teaching matter into small parts, so that the stude

ehend better. ) )
Eir;;(;lzl?r(a+b)2=(a+b)(a+b)=(a+b)a+(a+b)b:a2+ba_+ab+b =a +3ab_+tb T
Correct use of precise language should be emphasized. Examples: to

sequently between angel and size of an angle, area and size of a1:1 aree;.o ot Siscitlines
Different areas of mathematics should be connected and relations

drawn as often as possible. o _
"Sfl;(:al;cl:dszzuld be more time for practicing than for all other activities in the mathematics

' - - d
Slist;eesmatics should be taught as an open system, which develops by conjectures an

istakes in different directions. _ _ e
I%ﬁll'llztteachers should give the opportunity to the students to cope with and make pr

proofs as often as possible.

~ Project oriented instruction should be carried out as often as possible.

I izati 10n or a
Examples: setting up of an aquarium, preparation and organization of an excursio
students journey, elections, speedlimit.

10. One should prove the following theorems:

a. Pythagoras o o
b. side splitter theorems (similarity ; “Strahlensitze”)

c. irrationality of y2 .
d. (atb)(a-b)=a’ - b* (binom. form.)

' Cf, e. g., THOMPSON 1985, FRANK 1985, 1988.

.ﬁ

On a Study of Teacher Conceptions of Mathematics Instruction and Some Relations to TIMSS 119

11.

12.

13,

14.
15,
16.
17.
18.

19.
20.

21.
22,
23.
24,
23,
26.
27.
28.

25,

30.
21.
32.
33.
34.
35.

36.
37
38.
39.

40.
41.

€. Prove: If a line meets two parallel lines and is perpendicular to the first one than it
is also perpendicular to the second one. (geom. proof).

One should place emphasis on playing with mathematics (e. g., by playing mathemati-
cal games).
Mathematical procedures should be treated in connection with their reverse procedures
(operatoric principal: cf Piaget). Examples: Addition and subtraction, multiplication
and division as well as composing and dissecting geometrical figures should be treated
in connection.
Students should work as often as reasonable with manipulatives (e. g. models made or
to be made in wrapper).
The use of mathematical symbols should be practiced intensively.
Social learning (e.g. helping one another) should be emphasized.
Systematics is especially important in instruction.
Teacher should care for a tight instruction,
Whenever gossible, the teacher should visualize his teaching matter, Example: Visual-
izing (a+b)” = a’ + 2ab + b2 by the areas of Squares and rectangles.
The teacher has to care for discipline in his class.
One should make clear, that truth, precision and rigor are properties of mathematical
statements, which can always be verified objectively.
The teacher should care for the state of development of the students and respond to
their specific needs mainly.
There should be main emphasis on learning (may be by heart) basic techniques (e. g.
computational methods, to handle formulae).
The esthetic aspect of mathematics should be stressed.
Examples from history of mathematics should be treated as often as possible.
One should teach mathematics as a mainly closed and clear system of definitions, theo-
rems and procedures.
The teacher should strive for and guide an intensive discussion in his classes.
One should especially care for lower achievers.
One should concentrate on solving routine tasks of such type, that the correct applica-

~ tion of a well known scheme leads to a resu]t safely.

Applications should be treated mainly.

Practice in formalizing and abstracting should be emphasized.

Working logically should be emphasized.

Group work should be initiated as often as possible.

It should be stressed that mathematics is a useful tool (e. g. in many professions).

As often as possible students’ should make the experience that for many mathematical
tasks there are many different ways to come to the same result.

One should prefer to cover less content more carefully than more themes more on a
surface level (as far as it is permitted by the school board).

The students should have the opportunity to pose and pursue their own tasks and ques-
tions as often as possible.

It should be made clear that mathematics is not perfect either and that there is no ab-
solute security and truth even here.

When grading one should concentrate on the results of the tests.

When grading tests one should concentrate on the solution paths.

When grading tests one should concentrate on the fina) results.
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42. When grading oral and other contributions of th
the correct or wrong answer.

43. When grading one should con
but tests.

44. When grading oral and other co

possible solution ideas to given tas

45. One has to care especially

46. A teacher should take care that on

students mathematical questions and difficulties.

47. As often as possible students shoul

knowledge of mere routine techniques

d cope with problems where the
does not suffice to come to solutions.
y to use computers in mathematics classes.

e student one should concentrate on

centrate on oral and other contributions of the students

ntributions of the student one should concentrate on
ks as well as contribution to further questions.

for the needs of mathematically gifted students.

e student could explain as 0

ften as possible to other

y have to think and

48. One should think more about the possibilit
too, is a domain which had been created by

49. 1t should be clarified, that mathematics,
men.
50. One should support single working.
51. Carefully selected examples s
52. Many students try to generate the ill
the terminology of their teachers. S
cussed explicitly in the class.
53. One should make clear that mat
54. One should emphasize dangers 0
statistical methods in a way which ca
55 One should stress heuristical metho
scious for the students. Examples 0
special cases, dividing 2 problem into sma

Statistical methods (SPSS; nonparametric test
as heuristical tools mainly to get information on possi
(with respect, e. g., 10 gender and type 0
beliefs. 107 questionnaires were analyzed,
came from upper secondary schools (Gymansium), 35 from |
secondary (Realschule) and 41 from comprehensive schools.

3. Some results from our study

In Table 1 (column 3) the items of the que
of consent. “Visualizing in mathematics instruction”
Ry = 1,346), whereas “grading the solutions in tests only”
rejected (Xypm=3,792)- The first column contal
trends in mathematics education to which most o
operationalizing the respective trends more clearly.
to more than one trend. The ranking of the items in
lemoriented” items are valued very high. Statements
“New Math” (e.g., which refer to logic, systematics, precise
broadly, but less accepted. The “elementar
to be “conventional” that one with the highest score (Xqa

izing principle” (item 3) is beyond al
=1,962).

hould be in the center of mathematics instruction.
usion of cooperation and understanding by fitting to
uch superficial “language games” should be dis-

hematics is an important part of our culture.

f a possible misuse of mathematics (e. g., by applying
nnot be taken seriously).

ds (for solving problems) by making them con-
f heuristical methods are: drawing a figure, examine
ller problems, using a related problem.

s mainly, esp. “Quickcluster”) were applied
ble preferences, individual differences
f school) and different profiles (clusters) of teachers’
including 43 from female teachers. 31 teachers
ower (Hauptschule) or middle

stionnaire (column 2) are ordered by the degree
is ranking top (mean of all judgments
is - on an average - most strongly

ins mainly abbreviations for encompassing
f the items correspond, characterizing and
Of course, many items can be contributed
column 3 makes clear that many “prob-
which could be attributed especially to

language) seems to be also
| items defined

0 ;
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Trends
l;::ggingRJENTATION VISUALIZE (18) tems )l(tgl;:i i
e ngIOE;ITATION HEURISTICAL METHODS (5%) 1.596 g;gi
] : (5) k

pROBLEMORIENTA?;ggEA TORIENTATION | STATE OF DEVELOPME. OF STUD. (21) :gzg gggg
STUDENT TASKS/QUESTIONS 37 1.714 0,756
BT ORIETITION OPERATORIC PRINCIPLE (12) 1,738 0.805
mm— L N | SOCIAL LEARNING (15) 1.757 0.811
A S LML GRADING/ORAL/IDEAS (44) 1.792 0‘658
PROBLEMOR I AT DIFFERENT WAYS (35) 1:810 0.775
GRADING/TESTS/IDEAS (40) 1,877 0‘7§2

LESS MORE CAREFUL (36) 1‘896 O. i
NEW MATH | LOGIC 30 ; —
NEW MATH | SYSTEMATICS (16) :g?tsi ot
CONVENTIONAL NEW MATH PREC’ISE LANGUAGE (4) li953 ?3;2
CORVENTORAL BRAKING UP INTO SMALL PARTS (3) 1,962 0.955
PROBLEMORIENTAS"FION _ MAN!PULATIVE;‘ (183)) jggg Fooe
CONVE;%DOE;K LOR!ENTA TION | STUDENTS' EXPLANATION (46) 2:019 (I)El}gg
PROBTEN ORI e BASIC TECHNIQUES (22) 2.038 0,904
L — PROBLEMSOLVING 47) 2.075 0!801
R ATION | LOWER ACHIEVERS 27) 2!075 0,825
T INTENSIVE DISCUSSION (26) 2!170 D’9l0
SIDE SPLITTER THEOREM (10B) 2!1 78 1,090
CORVERTIORAT EXAMPLES (1)) 2‘226 0,843
BRSNS
APPL:;?I{J gg;’;‘o UTILITY (33) ATATOR 69 i,zgg 8’254
RIENTATION | GIFTED STUDE : o
PROBLEMORIENTATION PLAYFULNESS ]:ITS el 2,295 o5
CORVENTIONAT NEW MATH TRUTH, RIGOR (20) 2’;318 ?’?;?
TIGHT INSTRUCTIONSTYLE (17) 2,381 0’984

S GRADING-ORAL (43) 25385 0‘85]
PP TIETTONS MATH | SYMBOLS (14) 2’393 0!939
APPLICATIONS (29) 2.406 07814

ST RROr CULTURE (53) 2,528 !:] 3
V2/PROOF (10¢) 22550 1"491
EATH CREATED BY MAN (49) 2’558 1 ,l 7;
PROBLEMORIENTATION GISJI?PE\SEQJAQA(Z;[)EMAWCS - 22 Ll
NEW MATH | PROOFS (8) igszj i
PROBLEMORIENTATION gg}\?gi’cs;g;l\?:s s 2:781 ggg;
PROBLEMORIENTATION INTUITION 2) 0 i: = o
P TETIONS MATHEMATICS NOT PERFECT (38) 2.82; :?;2

TR PROJECTORIENTATION 9) 2,869 :

GEOMETR. PROOF (10e) : L

NEW MATH | STRUCTURES (1) o s

NEW MATH | CLOSED SYSTEM (25) igg; ?ﬁ:g

LANGUAGEGAMES (52) , ;

CONVENTIONAL ROUTINE TASKS/SCHEMES (28) g:i: llg?.’zsl
R lERINA(_‘(ELE WORK (50) 3:!79 0:984

GRADT]I\]C;S;:LRRJ;ET[ON 30) 3,190 0,942

&Eiigglgg ligx E‘;‘;PMAT!ON COMPUTER (48) el ;;‘5‘0 =
REXPECT T o EST;E?ES;F ESTHETIC ASPECT (23) 3’34(3) :,;(S):
O HISTORY OF MATHEMATICS (24) 3’443 1‘070
GRADING/TESTS/RESULTS (41) 3:792 0‘943

-

Table 1
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; oof, from
Two groups of items are emphasized separately: there are ﬁv'e special thes Oiferrs ésthet- Tiem Yo [ STD | %
i f of the theorem Pythagoras is taken to be most important. ORI : h PYTHAGORAS PROOF (104) 1.615 | 862 [14412
which the‘ proo i ere less emphasized as we expected, the last item perhaps PRECISE LANGUAGE (4) 1953 1076 |13
ics and history of mathematics w some of them said in interviews, we con- SYSTEMATICS (16) 1916 |0912 139
because of lack of knowledge of the teachers (as LOGIC (31) 1905 [0.714 |1.62
.8 SIDE SPLITTER THEOREM . (106) 2178 1090 |10
nally).
ducted additionally) i BINOM. PROOF (10d) 2000 |1.128 |1.7647
; : ¢ trends proves TRUTH, RIGOR (20) 2349 [1.071 | 1488
: ems belonging to one of thos : : :
verage of the scores of all it : 2 S )
Calculating th.e a-, . " ientation” to be the favorite guidelines of our teachers: INTENSIVE DISCUSSION (26) 2170|0910 [19118
“problemorientation” and “student orientatio STUDENTS EXPLANATION (45) 2019|0793 [19706
SYMBOLS (14) 2393|0935 19706
Trend Mean GIFTED STUDENTS (45) 2295 |0909 |2.0588
UTILITY (33) 2283 0923 [2.0588
ENTATION 1.902
MEERE — = GRADING/TESTS/IDEAS 140) 1877 0752 21771
STUDENT ORIENTATI 2~4_ PROOFS (8) 2743|0991 23233
CONVENTIONAL 45 GEOMETRIC PROOF (10¢) 2980 | 1.166 |247
NEW MATH 2,502 CLOSED SYSTEM (25) 3.087 |1.030 [268
APPLICATION 2,52 PRACTICE ABSTRACT. (30) 3190 0942 |2.7353
STRUCTURES 2981 0945 27647
SINGLE WORK (30) 3179 0984 [28529
Table 2 GRADE/TESTS/RESULTS @1) 3792 10943 |33

: L o i "
There is a tendency towards “problem orientation”, as it is in present nz;tlonal ziigceir;rétle
tional discussions about mathematics education. The following facts are to be cons ;

The smaller “problem oriented” cluster (n=10) has the following profi

le:

There are also some “significant” differences (t-test, p<0.05) between some Judgements of
clusters): ' male and female teachers (1000: complete agreement, 5000: complete rejection):

_——*,

: : ho are motivated more
Our sample is not representative. Probab}y, it r‘epres_ents. ti?lci?‘:zss;;rch Study. Ttem | Xww | STD | xpo
than the average, demonstrated, e. g., by their participation in heir might be major differ- Agreement above mean:
id not study the real instruction praxis of our teachers. Their mig e HEURISTIC METHODS (33) 159 0807 [1.10
We did not s dy the real : hing practise, caused by many reasons and di SOCIAL LEARNING (15) 1757|0811 | 130
ences between their leading ideas and their teaching p ’ GRADING/TESTS/IDEAS (30) 1877 0752 130
conditions. . , i CONNECTIONS/RELATIONS (3) 1.636 | 0.806 | 1.60
ferecnlt bf uﬁ:;ysis (qickcluster; SPSS) lead to the following five clusters of teachers’ concep GRADINGIORAL TDEAS (33 757 Toes— s
usteranalysis MATHEMAT. CREATED BY MAN (49) 2558 |1.173  [1.60
tions of mathematics: MISUSE OF MATHEMATICS (34) 2563 [1177 [1.70
- CULTURE (33) 2528 [1.131 [1.70
PROBLEMSOLVING (37) 2075 0801 [1.70
V2 PROOF (10c) 2550 (1493 1.80
—— OPEN SYSTEM (7) 2819 1125 (230
70 Dcompre e| e INTUITION (2) 2867 [1.038 [230
- EHaupﬁR?a £0 ESTHETIC (23) 3343 1254 260
B|Gymnasium LANGUAGEGAMES (53) 3127 [1078 [280
- HISTORY (24) 3443 [1070 (310
Agreement below mean:
40 OPERATOR. PRINCIPLE (13) 17380805 [250
" APPLICATIONS (29) 2406 [ 0814 |260
UTILITY (33) 2283|0923 260
20 BRAKING UP INTO SMALL PARTS (3) 1962 [0.955 |280
. BASIC TECHNIQUES (23) 2038 [0.904 310
PRACTICING (6) 2280 | 0909 [320
~ SYSTEMATICS (16) 1916 [091Z 330
0 New Math problem-  student- control- COT\\;ZII'HIO a::g;lzd PRECISE LINGUAGE ] 7557 076330
orientation orientation pragmatic TEACHER EXPLANATIONS (37) 2280 10954 [330
SINGLE WORK (30) 3779|0984 |360
GRADING/ORAL/RESULTS 3240 (0940 | 3.80
GEOM._PROOF (10e) 2980 [1166 400
Two clusters should be presented in more detail: The "New Math "—c[usterll(n;t‘ﬁ4r) rlee:; ROUTINE TASKS, SCHEMES (28] Sibde lioe 1440
5 othe
fined by the following dominating items (the mean of agreement Ol;ffjéﬁt);:]in Eilnimum -
of all other four clusters, except that one for item 40, where we
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HEURISTIC METHODS

MISUSE OF MATHEMATICS

e N P
MATHEMATICS CREATED BY MA EOT
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SOCIAL LEARNING v

PRECISE LANGUAGE E;

MALE TEACHERS 500 1000 1500 2000 2500 3000 3500 4000

i FEMALE TEACHERS

0

4. Some results from the TIMSS-study d
Comparison of the Steps Typical of Eighth-Grade Mathematics Lessons in Japan, the US, an

I | | »
Ge%’ﬁzné}mphasis on understanding is evident in the steps typical of Japanese eighth-grade

mathematics lessons:

Teacher poses a complex thought-provoking problem.

Students struggle with the problem. . 1
Various students present ideas or solutions to the class.

Class discusses the various solution methoFls.
The teacher summarizes the class’ conclusions.
Students practice similar problems.

isition is evi i most US
In contrast, the emphasis on skill acquisition 1s evident in the steps common to

and German math lessons:

® Teacher instructs students in a concept or skill.
® Teacher solves example problems ‘with class.
* Students practice on their own while the teac
impression: Japanese scho_ol—practise resemblle
h seems to be esteemed high by our teachers .

her assists individual students.”

These results might lead to the following_
the conception of “problem orientation ", whic

i 1 om Study, UCLA, 1996.
U gource: TIMSS; Pursuing Excellence, NCES 97-198, Videotape Classro

I S
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On the other hand, (average!) German school-practise could be described as “conventional”
mainly, which was esteemed less by our teachers (cf. Table 1 and Table 2).

There might be possible obstacles, which might prevent many German teachers from im-
plementing often well known and highly esteemed teaching principles in their practical
teaching.

Furthermore, in TIMSS there was also an analysis of "teachers perceptions about mathe-
matics"®. There seems to be no relations between the success of the students and some beliefs
of their teachers: e. g. many teachers of very successful students as from Singapore (number 1
in this study!) as well as many teachers of less successful students as from Iran agree (more
than 80%) that “Mathematics is primarily a formal way of representing the real world”. But
less than 40% of the teachers from the students of the Czech Republic (no. 6) agreed to this
statement. A similar impression can be received by reactions of teachers to the statement "If
students are having difficulty, an effective approach is to give them more practice by them-
selves during class”.

S. Prospects

At least the following questions came up from our analyses:

 To what extent are teacher beliefs related to "success” of their students? What kind of
success do we want?
* What are possible obstacles which prevent many teachers to implement methods in their

classroom, which they esteem very often high? What are barriers between wish and re-
ality?
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