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Preface

The Third Nordic Conference on Mathematics Educatidlorma 01 — was held
June 8-12 2001 iKristianstad, Sweden, with 85 participants from 16 countries
of 5 continents. Previous conferences in the series Werma 94 in Lahti
(Finland) andNorma 98 in Kristiansand (Norway)Norma 05 will take place in
Trondheim (Norway) in September 2005. This volume contains most of the
papers presented ldorma 01, including workshops and posters.

The theme of the conferenceGenceptions of Mathematics — was to be inter-

preted to include ideas and images that students, teachers, researchers, and
society have on the nature, concepts and processes, and teaching and learning of
mathematics at all levels. These ideas and images permeate activities, engage-
ment, attitudes, and knowledge and skill development of all individuals and
groups engaged in mathematics education, i.e. students, teachers, researchers,
and policy makers. Therefore it is important to understand the nature of and
relationship between such conceptions and different aspects of the theory and
practice of mathematics education. This was also reflected in many of the
contributions at the conference, and presented in this volume.

We could feel that the participants did enjoy the early June summer days in
Kristianstad, deeply engaged in deep and highly professional and supportive
discussions in a friendly and relaxed atmosphere. We want to thank all who
contributed toNorma 01, by plenary, paper, workshop, and poster presentations,
and all who shared their ideas and took part in the discussions. Thanks also to
Hogskolan Kristianstad (Kristianstad University) for hosting the conference and
to SMDF, the Swedish Society for Research in Mathematics Education, for
publishing this book of proceedings in its book series. A big thanks also to the
local organisers for their careful preparation, to the citifrigtianstad for giving

a most generous reception, afdeerups forlag for supplying conference
material. And finally — on behalf of thidorma 01 conference — we express our
gratitude for the economic support frdRiksbankens Jubileumsfond@he Bank

of Sweden Tercentenary Foundaticend from Hogskolan Kristianstad that
made this conference possible.

Linkdping and Lund, July 2005

Christer Bergsten, Barbro Grevholm
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Introducing Pupils to Proof:
Is it Needed? Is it Possible?

Maria Alessandra Mariotti
Universita di Pisa

Abstract
This paper aims to contribute to the debate on proof that has been
conducted in the last years within the community of mathematics
educators. | will discuss both the importance of proof, and more
generally of theoretical thinking, and the possibility of its introduction
in the mathematical curriculum.

A long-term research project, aiming to introduce pupils to proof,
has been carried out, involving a number of 9"-10" grade classes.
Some results drawn from this project will be presented and some
examples discussed, to support general hypotheses concerning the
mediating function of particular micro-worlds, in respect to the
introduction to theoretical thinking.

Introduction

In the last decade, mathematical proof has been at the core of an active debate
in the community of mathematics educators: often claimed to be responsible of
pupils’ difficulties, but also recognised as a crucial aspect of mathematics acti-
vity.

In the recent past the role and the place that proof takes in the mathematical
curriculum have often changed. For instance, in the United States, after a
period of ‘banishment’ proof has got a central position in the new Standards
(Knuth, 2000).

To give an example, consider the following excerpts drawn form the last
version of the Principles and standards for school mathematics published in
year 2000.

Reasoning and Proof as fundamental aspects of mathematics. Reaso-
ning and Proof are not special activities reserved for special times or
special topics in the curriculum but should be a natural, ongoing part of
classroom discussions, no matter what topic is being studied.” (NCTM,
2000, p. 342)

By the end of the secondary school, student should be able to under-
stand and produce mathematical proofs — arguments consisting of
logically rigorous deductions of conclusions from hypotheses — and

should appreciate the value of such arguments. [...] Reasoning mathe-



Plenary addresses

matically is a habit of mind, and like all habits, it must be developed
through consistent use of many contexts (NCTM, 2000, p. 56)

Nevertheless, certainly the idea of “proof for all” is not a view most teachers
hold, and even where there is a longstanding tradition of including proof in the
curriculum (for instance in my country, Italy), the main difficulties encoun-
tered have lead many teachers to abandon this practice.

Thus the new trend, in order to become accepted and introduced in school
practice must be supported by a deep discussion clarifying two main points:

» why proof is so crucial in the mathematics culture to be worth to be
included in school curriculum;
* how itis possible to overcome the difficulties so often described.

An historic and epistemological analysis highlights the role of proof in the evo-
lution and systematisation of mathematics knowledge throughout the centuries.
Mathematics cannot be reduced to theoretical systems, but certainly its
theoretical nature constitutes a fundamental component, as clearly expressed by
Hilbert and Cohn Vossen in the introduction to their book “Intuitive geometry”.

In mathematics ... we find two tendencies present. On the one hand,
the tendency towards abstraction seeks to crystallise the logical rela-
tions in the maze of material that is being studied, and to correlate the
material in a systematic and orderly manner. On the other hand, the
tendency towards intuitive understanding foster a more immediate
grasp of the objects, a live rapport with them, so to speak, which stress
the correct meaning of their relations. (Hilbert & Cohn — Vossen, 1932)

A twofold nature characterises mathematics: On the one hand intuitive under-
standing and on the other hand a systematic order within logical relations.

Thus, the theoretical perspective is a crucial aspect in mathematics and
from the educational point of view it seems difficult to ignore it. The following
guestion arises: If mathematics is such a complex activity how much is it
possible to elude this complexity without loosing its sense?

Thetheoretical component of mathematics

The theoretical perspective of mathematics has old roots, leading us to the
ancient book of Euclid’s Elements. That particular way of presenting the
‘corpus’ of knowledge, the deductive way which characterised since then math
exposition and more generally the scientific discourse. Heath in his edition of
the Euclid’s Elements reports the following passage froatlo.

Now it is difficult, in each science, both to select and arrange in due
order the elements from which all the rest proceeds, and into which all
the rest is resolved. (...) In all these ways Euclid 's system of elements
will be found to be superior to the rest. (Heath, 1956, vol. |, pp. 115-
116)
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The crucial point seems to be the suitable order in which a set of known
properties may be expressed and communicated. The problem of the transmis-
sion of knowledge was solved by Euclid in a very peculiar way: rather than in
terms of “revelation”, the elements have been transmitted according to “logic
arguments”.

And one of the salient features of the structure of Euclid’s Elements is
certainly its logical structure, the deductive structure, although this definitely
differs from the “deductive structure of logic derivation within a formal theory”
(Rav, 1999, p. 29). The main difference consists by the fact that, contrary to
what happens within a formal theory, in a mathematical proof deduction
depends on understanding and on prior assimilation of the meaning of the
concepts from which certain properties are to follow logically. It is in this sense
that Euclid’s work has to be interpreted: the elements are to be considered as
means of fostering understanding of the whole geometry.

The style of rationality introduced by Euclid has become a prototype for all
science, and the power of this method may be related to its treatment of truth.

A twofold criterion of truth characterises the structure of Euclid’'s Elements:
evidence, on which principles are based, and consistency, on which the truth of
derived knowledge is based. As expressetdkatos:

a truth-injection at the top (a finite conjunction of axioms) — so that
truth, flowing down from the top through the safe truth-preserving
channels of valid inferences, inundates the whole systeakatos,
1967, p. 33)

In this framework a deep unity relates organisation of knowledge and under-
standing, making organisation functional to understanding, which become
strictly tied to the constraints of acceptability and validation within a scientific
community.

A crucial point that | like to stress is that of the twofold aim: on the one
hand the need of understanding on the other hand the need of validity, i.e. to be
accepted by a community. These two aspects seem to be recognised as charac-
teristic of a theoretical corpus and can be found in most of the discussions
about the nature and the function of proof. Let us take for instance the follow-
ing quotation from a classic paper by Hanna.

Mathematicians accept a new theorem only when some combination of the
following holds:

1) They understand the theorem (that is, the concepts embodied in it,
its logical antecedents, and its implications) and there is nothing to
suggest it is not true;

2)The theorem is significant enough to have implications in one or
more branches of mathematics, and thus to warrant a detailed study
and analysis;

3) The theorem is consistent with the body of accepted results;
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4)The author has an unimpeachable reputation as an expert in the
subject of the theorem;

5)There is a convincing mathematical argument for it, rigorous or
otherwise, of a type they have encountered before.

(Hanna, 1989, p 21-22)

Despite the crucial change of perspective which has characterised the
beginning of the last century and led the mathematicians to a radical revision of
the idea of truth, the relationship between understanding and acceptability of
mathematical statements, has not dramatically changed in the centuries, and
still constitutes a characterising element of this discipline.

The slow elaboration of the idea of rigour which had its climax at the end
of the XIX century, has a counterpart in the development of the relationship,
more and more complex, between two fundamental moments of the production
of mathematical knowledge: the formulation of a conjecture, as the core of the
production of knowledge, and the systematisation of such knowledge within a
theoretical corpus.

This leads one to recognise a deep continuity between the development of
knowledge and its systematisation within a theoretical “corpus”, between
aspects relevant in the communication process, such as the need of understan-
ding and aspects related to the fact that knowledge is a shared cultural product,
such as acceptability.

Different approachesto the problem of proof

Certainly the relationship between the semantic and the theoretical perspective
raises the issue of understanding, and in particular the issue of the relationship
between proof as an hypothetical-deductive argument and its explaining func-
tion. Different opinions are possible, according to the relevance acknodledge
to the distance between the semantic level, where the truth (the epistemic
value) of a statement is fundamental and the theoretical level, where only the
logical validity of an argument is concerned.

If the logical dependence of a statement in respect to axioms and theorems
of the theory is considered independent from the epistemic value that one
attributes to the propositions in play, the distance may be thought of as a
cognitive rupture (Duval, 1991). On the contrary if the independence is refused
so is the rupture and the peculiarity of theoretical arguments.

These two points of view are not necessarily opposite (Balacheff, 1987),
they simply focus on different crucial aspects of proof: the function of
theoretical validation and the function of explanation, strictly related to under-
standing.

The issue of understanding arises as far as it refers to the links between the
meanings involved both in the statement and the arguments. On the one hand,
these links may not necessarily be expressed through the structure of logic
consequence; on the other hand, when required, it is impossible to formulate
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and prove the logic link between two statements without any reference to
meanings.

In other terms, in spite of the fact that, at the theoretical level, the epistemic
value has no relevance it is impossible to conceive a practice of mathematical
proof without any reference to the semantic level. From both an episte-
mological and a cognitive point of view, is seems impossible to make a clear
separation between the semantic and the theoretical level, as required by a pure
formal perspective on mathematics.

to expose, or to find, a proof people certainly argue, in various ways,
discursive or pictorial, possibly resorting to rhetorical expedients, with
all the resources of conversation, but with a special aim ... that of
letting the interlocutor see a certain pattern, a series of links connecting
chunks of knowledgeL6lli, 1999)

The explanation function of proof is fundamental, because it provides the
support needed for understanding, but this function depends on the semantics
of the statements and the truth values given to them. As a consequence, in spite
of the fact of its theoretical autonomy, from the cognitive point of view, proof

is strictly related to semantic.

In this perspective, interesting studies have been carried out, in the field of
mathematics education, aiming to clarify the relationship between the process
of producing a conjecture and the proof provided. The noti@ogpfitive unity
(Garuti et al. 1996Mariotti et al., 1997) has been introduced for this purpose;
interesting results have already been obtained. Evidence has been found of
argumentative processes appearing in the solution of open-ended problems that
require both a conjecture and its proof. Thus, producing theorems, that is for-
mulating a conjecture in a statement and producing a proof for this statement,
has been suggested as a powerful approach to the idea of proof (Boero et al.,
1996).

Nevertheless, as Duval reminds us, the rupture between the two levels (the
semantic and the theoretical) may be irretrievable, and the conception of proof
as a process of which the basic aim is to affect the epistemic value of a state-
ment, may become a main obstacle to produce and accept a mathematical
proof, i.e. an argument consistent with the rules of acceptability of the commu-
nity of mathematiciarts

The main point seems to be how to manage this rupture and the consequent
possible conflict between the two functions of proof, achieving a flexible
thinking moving from one function to the other, from validating to explaining
and vice versa.

In their practice mathematicians prove what they call “true” statement, but
“truth” is meant relatively to certain theory; it isrdative truth, drawn from
the hypothetical truth of the stated axioms and from accepting the fact that the

! Only by entering the game of deduction within a theory is it possible to overcome the
difficulty of making sense of a proof of an obvious statement.
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rules of inference “transform truth into truth”. However, relativity of truth is
fundamental: axioms are neither absolute nor factual truths.

A statement B can be a theorem only relatively to some theory; it is
senseless to say that it is a theorem (or a truth) in itself: even a pro-
position like '2+2=4" is a theorem in a theory A (e.g. some fragment of
arithmetic). Arzarello, 2000)

It seems not spontaneous to reach such a perspective of relative truth, which on
the contrary becomes automatic and unconscious for the expert; in this sense,
this way of thinking may be considered an educational goal.

However, the complexity of this goal should not be ignored. In fact, the
confusion between the two functions (validation and explication) may have
serious consequences.

Ce serait a mes yeux une erreur de caractere épistémologique que de
laisser croire aux éléves, par quelque effet jourdain, qu'ils seraient
capables de production de preuves mathématiques quand ils n'auraient
gu'argumenté. (Balacheff, 1999)

Thus, taking into account the complex relationship between explaining and
validating, education cannot ignore the theoretical perspective.

The following sections will be devoted to discuss a proposal concerning the
possibility of introducing pupils to theoretical thinking.

A teaching experiment
In the last years a long term research project has been carried out, consisting of
a sequence of teaching experiments. A number of experimental classes have
been involved, each of them for at least two years, with the constraint that the
experiment had to be included in the regular curriculum at the upper secondary
school level (9th and 10th grades). The content of the Geometry curriculum
was not upset, but the general approach changed dramatically through the use
of the softwareCabri-géométre; the software was integrated in the classroom
activity, not only as a didactic support, but as an essential part of the teaching/
learning process.

The experiment is in the line of "research for innovatid#r{olini Bussi,
1994), i.e. the experience in the classroom is both a means and a result of the
evolution of the research study. That means that, as long as the project
developed, different issues arose all of them related to the general research aim:
to investigate the feasibility of a teaching approach to theoretical thinking.

Characteristics of the experiment

Classroom activities were organized within the Field of Experience (Boero &
al., 1995, p. 153) of Geometrical constructions within the microworld Cabri;
the evolution of the field of experience was realized through the social
activities of the class, and the core was constitutadabigematical discussions
(Bartolini Bussi, 1996, 1998), aimed at social construction of knowledge.
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According to a Vygotskian perspective, our main hypothesis was that of using
the different tools, provided b@abri as instruments of semiotic mediation
(Vygotsky, 1978).

Geometry theory, as imbedded in tbabri microworld, may be evoked by
the observable phenomena and the commands available in the Cabri menu.
Figures and commands may be thought of as external signs of Geometry
theory, and as such they may become instruments of semiotic mediation as long
as they can be used by the teacher in the concrete realization of classroom
activity and according to the motive of introducing pupils to theoretical
thinking (Mariotti, in press c).

The construction task

The basic element of our experimental project is the idea of construction as a
geometrical (theoretical) problem; the core of all the activities proposed to the
pupils is the "construction task".

Since antiquity geometrical constructions have had a fundamental theore-
tical importance (Heath, 1956, p. 124) clearly illustrated by the history of the
classic impossible problems, which so much puzzled the Greek geometers.

Actually, the theoretical meaning of geometrical constructions, i. e. the
relationship between a geometrical construction and the theorem which vali-
dates it, is very complex and certainly, not immediate for students, as clearly
described and discussed 8ghoenfeld (1985). As the author clearly explains
in that case “many of the counterproductive behaviors we see in students are
learned as unintended by-products of their mathematics instruction” (p. 374). It
seems that the very nature of the construction problem makes it difficult to take
a theoretical perspective, as shown in a completely different school context
(Mariotti, 1996).

In spite of the long tradition, geometrical constructions have lost their
position in the geometry curriculum; in Italy, for instance construction prob-
lems have completely disappeared and they can only be found as a topic within
Technical Drawing at the junior school level.

The appearance of Dynamic Geometry Softwares has renewed the interest
for constructions and the basic role played by construction has been brought on
the scene by the instrumental approach related to the use of graphic tools.

In particular, Cabri-géomeétre offers a microworld which embodies Eucli-
dean geometry, referring to the classic world of "ruler and compass" con-
structions. In fact, ang€abri-figure is the result of a construction process, i.e. it
is obtained after the repeated use of tools, chosen among those available in the
“tool bar”; moreover, the effect of most of the Cabri tools corresponds to the
effect of the classic geometric tools, i.e. ruler and compass: a Cabri-figure is
obtained intersecting lines, lines and circles, constructing perpendicular or
parallel lines or the like.

But the main characteristic which makes Cabri so interesting is the fact that
there is the possibility of direct manipulation of its figures and that this manipu-
lation is conceived in terms of the logic system of Euclidean geometry. Cabri-



Plenary addresses

figures possess an intrinsic logic that is the logic of their construction; the
elements of a figure are related in a hierarchy of relationships, corresponding to
the procedure of construction.

But there is something more. The Cabri environment introduces a specific
criterion of validation for the solution of the construction problems: a solution
is valid if and only if the figure on the screen is stable under the dragging test.

Thus, the dynamic system Gfabri-figures embodies a system of relation-
ships consistent in the broad system of a geometrical theory; in other terms
solving construction problems means accepting not only all the facilities of the
software, but also accepting a logic system within which to make sense of
them.

For all these reasons, the ideagedmetrical construction within the Cabri
environment may be considerealkey to accessing theoretical thinking.

In fact, within the Cabri environment the teacher can find specific tools of
semiotic mediation to be used in the discussion in order to guide the evolution
of personal senses towards the theoretical meaning of a construction.

Pupils’ development of a theoretical perspective is based on the process of
semiotic mediation, accomplished by the teacher through the use of specific
elements of the software.

Semiotic Mediation

As reminded above, Geometry theory (elementary Euclidean geometry) is
imbedded in the Cabri microworld and evoked by the observable phenomena
and the commands available in habri menu.

According to the Vygotskian theory, figures and commands may be
thought of as external signs of Geometry theory, and as such they may become
instruments of semiotic mediation (Vygotsky, 1978) as long as they can be
used by the teacher in the concrete realization of classroom activity and
according to the motive of introducing pupils to theoretical thinkMgriotti,
in press a, b).

The sequence of activities developed in a structured manner, where activi-
ties within the microworld (construction tasks) alternated with activities of
collective discussions where, under the guidance of the teacher pupils
constructed a parallel between the worldCatri constructions and Geometry
as a theoretical system. Let us describe how this parallel is conceived.

The construction of a Theory

In Mariotti et al (1997) we referred to “Mathematical Theorem” as the unity of

a statement, a proof and a theory of reference. In fact, when a deductive system
is concerned, there are two interwoven aspects: the idea of proof and the idea of
theoretical system (both local and global theorization may be considered).
These two aspects correspond to two levels of difficulties: on the one hand, the
idea of validation must be introduced, on the other hand the rules of validation
must be stated. The acceptance of validation depends on the acceptance of rules
and of the meaning of these rules.
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Starting from the basic relationship betwegabri constructions and geomet-
rical theorems we guided pupils to enter the geometrical system, through the
solution of construction tasks.

Taking advantage of the flexibility of th@abri microworld we adapted the
menu to our educational objective. At the beginning, an empty menu is
presented and the choice of commands discussed, according to specific state-
ments selected as axioms; in this way a double process is started, concerning on
the one hand the enlargement of abri menu and on the other hand the
enlargement of the theoretical system. New constructions are achieved in the
microworld and, in parallel, the corresponding theorems are added to the
theory: new elements are introduced by theorems and definitions, new
commandsre introduced in the menu.

Table 1 contains a short summary of the first part of the sequence, based on
the parallel development of Geometry Theory and Cabri environment. On one
side one finds the new elements enclosed in the Cabri menu, on the other side
one finds the theoretical elements discussed and enclosed in the shared
theoretical system.

In this way a main difficulty can be overcome. In fact, when the whole
Cabri menu is used, the whole Euclidean geometry is available, thus the
complexity of the theoretical system may become too high to be dominated by
novices. Because of the richness of the ‘geometrical tools' available, it is
difficult to state what is given (axioms or 'old' theorems) and what must be
proved ('new' theorems). The richness of the environment may emphasize the
ambiguity about intuitive facts and theorems and may constitute an obstacle to
the choice of correct elements of the deductive chain of a proof. In other terms,
there is the risk that pupils will not be able to control the relationship between
what is given and what is to be deduced.

On the contrary, in our sequence the system is built up, step by step, slowly
increasing its complexity, a complexity which can be manageable by pupils and
directly checked through the availability of the tools. In this sense the instru-
mental aspect of the axioms and the theorems may be experienced by pupils,
contributing to constructing the meaning of proof.

Moreover, we aimed to make pupils take part in the construction of a
deductive system. Instead of proposing an already-made Euclidean axiomati-
sation, pupils were directly involved in the construction of botHCthleri menu
and the corresponding geometry system. According to our hypothesis, partici-
pating in that process is fundamental for the evolution of the meaning of
theory?

2 See also Nariotti & Fischbein, 1997) about the case of definitions.
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Table 1 The parallel between Geometry and Cabri tools

GEOMETRY THEORY

Definition of the primitive
elements Criteria of congruence
terms of construction and in the
classic way

CABRI MENU

Intersection of two objects
(Creation) line, circle, segment,

(Construction) Report of Segmen

Transport of an angle (Theorem)|

Construction of the angle bisecto
(Theorem)

Def. Perpendicular line as angle
bisector of a straight angle
Construction of the Perpendicula
line from a point to a given line
POr

POr

(Theorem)

r// s €=>» internal alternate angles
are equal.

Definition of parallel lines
Construction of a parallel line to &
given line (Theorem)

Axiom of parallel lines

Report of Angle

(Construction) Angle Bisector

(Construction) Perpendicular line

(Construction) Parallel line

Note: What has to be included in the theory and what has to be adde€tibtf

menu is always discussed collectively.

10
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A very particular element of the class activity is constituted by the production of
a personal notebook; each pupil has his/her own notebook, where all the new
achievements in the theory are reported and commented: axioms and definition,
new constructions and related theorems, all this material is systematically
reported. The teacher periodically revises these notebooks, but most of the time
this revision is made as a social activity, where pupils compare their texts and
comment on them. This constitutes a fundamental part of the teaching — learning
activity. Results coming from the analysis of these reports are discussed in
Mariotti (in press b).

Collective discussions
As described above the second basic element of our experiment is the practice of
mathematical discussions. Among the classroom activities, collective discussions
play an essential part in the teaching/learning process, with specific aims:
cognitive (construction of knowledge) and meta-cognitive (construction of
attitudes towards learning mathematics).

In the literature, the role of discussion in the introduction of the idea of proof
has been analyzed and the difference between an argumentation and a proof has
been clearly described.

...Il 'y avait une trés grande distance cognitive entre le fonctionnement
d'un raisonnement qui est centré sur les valeurs épistémique liées a la
compréhension du contenu des propositions et le fonctionnement d'un
raisonnement centré sur les valeurs épistémique lieées au statut théorique
des propositiongDuval, 1992-93)

Our proposal refers to a specific type of discussion, 'Mathematical Discussion'
defined as "a polyphony of articulated voices on a mathematical object”
(Bartolini Bussi, 1996).

Mathematical Discussion is neither a simple comparison of different points
of view, nor a simple contrast between arguments, its main characteristic is the
cognitive dialectics between different personal senses and the general meaning
(the terms are used according to Leont'ev, 1981), which is constructed and pro-
moted by the teacher.

In this case, the cognitive dialectics concerns the sense of justification and
the general meaning of mathematical proof. The motive of the discussion activity
concerns the evolution of the meaning of justification, related to the problem of
construction.

The role played by the teacher is fundamental in every mathematical discus-
sion. In this case, the discussion is developed in a special context, Cabri
constructions. As discussed abo@apri offers specific tools of semiotic media-
tion which can be used by the teacher according to the particular educational
goal. Consequently in addition to the standard strategies that are used by the
teacher to manage discussions in a whichever context, we have strategies that are
specific for the Cabri environment.
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An example, concerning the History command and its potential as an instrument
of semiotic mediation is fully discussed in (Mariotti & BartolBiussi, 1998).

The History tool is used by the teacher in order to orientate collective discussion
towards the intended mathematical meaning of proof.

When a construction task is considered, taking a theoretical perspective
means to interpret the question about the correctness of the drawing, as referred
to the geometrical figure that it represents. Actually, it is very difficult, and often
impossible, to directly access this theoretical meaning of the construction task;
the main point consists of the shift of focus from the drawing to the procedure
which produced it.

The specificity of theCabri environment makes sense of the question about
the procedure, rather than about the drawing produced; so that the mediation of
the Cabri environment makes this meaning accessible. In particular, the History
command, as it represents an external sign of the construction procedure .

When a given construction is under discussion, the teacher shows the history
in the "master computer" and recurs to two games:

1) the interpretation game, lead by questioning which could have been the
intention or the goal of the author in making such construction; for
instance the teacher can ask: why did the authors choose this operation?
what is the use for it?

2) the prediction game, lead by questioning which could have been the
following step in this construction; for instance the teacher can ask how
would you go on from this point?

Both games are possible because the History command provities@textua-
lised, depersonalised amtttemporalised copy of the construction procedure,
which becomes the object of the discourse.

The evolution of the sense of justification

This section is devoted to discuss a few examples illustrating pupils’ solution to
construction tasks. We aim to give an idea of the evolution of pupils’ solution as
far as the theoretical perspective is concerned.

The construction of the angle bisector

Let us start with describing the context in which pupils work. As already said,
any task is referred to a specific set of tools available irfCed&i environment

and to a specific set of properties available in the Geometry theory (see Table 1).
At this point of the teaching sequence, besides the primitives of the creation
menu, in the construction menu the commands are reduced to include only two
commands: the Report of Segment and the Report of Angle. From the theoretical
point of view, this situation corresponds to the three criteria of congruence for
the triangles, that pupils already have included in their theoretical system and that
they know are the only principles they can refer to in their justifications. The
following task is presented to the pupils.

12
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Construct the bisector of an angle. Describe and geometrically justify your
solution.

This is one of the first construction problems proposed to the pupils; they are
grouped in pairs at the computer and they are asked to provide a joint text for the
solution.

Students do not experience great difficulties in finding the construction
procedure, but carrying out the procedure is only the first step of the task.
Difficulties arise when the procedure must be described and justified according
to the accepted rules, i. e. referring to the principles stated in the theory.

The following protocols show some examples of solutions that can be
expected. At the beginning, not everybody has successfully entered the theore-
tical perspective; although a general acceptance of the validation by dragging is
present, not everybody clearly relates the construction to the Theory available.

Alex andGio (9th grade )
1° Attempt:We took two points and we made a line pass through them,

&

Figure la. 1° attempt Figure 1b. 2° Attempt

then we took another point C, which does not belong to the first line.

We joined the point which doesn't belong to r1 with a second line, in so
doing we determined an angle.

We transferred (italabbiamoriportato) a segment AB, belonging to r2
and we transferred the same segment on rl (AB=AC); we drew two
circles ¢entre, pointgentre in C and point A and centre in B and point A
(puntando in C apertura AC e puntando in B capertura AB).

We joined A and D (line through two points). We took the intersection
between the circle and the line, but FAILED!

2° attempt:We drew an angle as we did in the first attempt. We drew a
circle (centre/point), taking a point belonging to r1.

This circle gave us the segments AB and AC belonging to r1 and r2,
which are equal because rays of the same circle. We drew two circles
(centre B and C point A) using the intersection of two objects (of the two
circles) we found the point D that we joined with A determining the
angle bisector.

13
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The solution presents two successive attempts. In the first attempt, something
happens in the realization, which leads the construction to fail; in fact, the pupils
made the two segments equal “by eye”. After the first failure pupils start a new
attempt. It is interesting to remark that the first attempt is considered a failure
because it does not pass the dragging test; that means that the dragging test has
been accepted as means of validation. In the second part, the text of the
description is more accurate, as if, after the first failure, the pupils had felt the
need of being more attentive; at the same time, a first rudimentary trace of a
justification appears.

This circle gave us two segments AB and CD belonging to r1 and r2,
which are equal because they are rays of the same circle.

Although this sentence, just inserted within the description of the procedure,
cannot be considered a "proof”, it witnesses that the pupils have accepted the
request of a justification; this sentence may be considered the germ of a proof, in
fact it shows that pupils entered the game of construction, in fact they try to use
the validating principles coming from the command used.

The following example shows a more developed solution. The protocol does
not present any description of the procedure, but there is a sketch@sdlihe
figure, drawn with ruler and compass.

Lorenzo (9th grade)

| consider the triangles ABD and ACD. They have the side AD in
common and the side AB of the first is equal to the side AC of the
second. In fact, if | take the circle with tleentre in A and point B, it
passes through both B and C. Thus, the sides AB and AC are equal
because they can be considered as rays of a circle.

rl

Figure 2. Lorenzo’s construction

If I also point in D with the ray DC, the circle passes through both C and
B. Thus, the sides BD and DC are equal for the same reason of the
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previous ones.

| discovered that the triangles ABD and ADC have the sides respectively
equal; for this reason the 2 triangles are congruent for the 3rd criterion of
congruence.

If the two triangles are equal, there is the rule that equal sides are
opposite to equal angles.

Thus the angles 1 and 2, which are opposite to equal sides BD and DC,
are equal.

This protocol shows a more developed form of ‘proof’, although the difficulty in
selecting the correct hypotheses clearly appears. Such a difficulty is also
witnessed by the fact that after the first step, when the equality of two of the sides
is correctly derived from the construction, the second step consider the equality
of the other sides by considering the circle with centre D and ray DB; actually,
the fact that "the circle witltentre D and passing through B will pass also
through C", is a consequence of the construction of the point D.

It is interesting to remark that, once the construction of the three circles is
done, the sequence of the operations used in the construction is non more
available. Certainly it disappears in the sketch drawn on the paper, but even in
the Cabri-figure, the correct order of the construction cannot be established
immediately; when the figure is dragged the mutual relationships among the
three circles are preserved and it is impossible to state which circle was drawn
first. Only referring to the basic points allows to detect the correct relationship.
The configuration is globally clear, but Lorenzo is not able to keep the logic
control of the relationships between the elements of the geometrical figure.

Let us consider a last example of solution for this task.

Massimiliano (9th grade)

Prove that the angle bisector "by construction" (in Italian, "per costru-
zione") is angle bisector "by the equality criterion” (in Italian, "per
criterio diuguaglianza™).

AB = AC because
of circle.

AO in common.
OB = OC because
of circlecentre C
and B.

The two triangles
are equal because
of the third
criterion of
equality; (ABO =
AQC).

Equal sides are o )
opposite to equal Figure 3. Massimiliano’s construction
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angles, thus OAC = BAO. AO ... is the angle bisector of BAC as we
wanted to prove.

The text is synthetic but effective, mainly in expressing the core of the problem.
Some expressions are incorrect and the justification is certainly insufficient. For
instance, the statement “AB = AC” is justified by an unspecified “circle”, instead
of saying that the two segments are rays of the same circle with centre A.
NeverthelessMassimiliano shows a good control on the theoretical sense of his
solution, in fact, his arguments are based on the construction procedure and find
their justification in the axioms assumed, i.e. the criteria of congruence.

The construction of the perpendicular

As the sequence of activities progresses, theory is slowly enlarged; new
constructions have become part of the theory. For example, at the point at which
students encounter the next task, the theory contains some more elements; after
the construction of the angle bisector, perpendicularity was introduced according
to the following definition: "line t is perpendicular to line s if and only if t is the
angle bisector of a straight angle with the vertex on s". Then the theorem of the
isosceles triangle was proved. At this point, the following task was proposed to
the students:

Given a straight line r and a point P on it, construct the perpendicular to r
passing through P.

Let us consider the following protocol. It refers to the pair of pupils Alex and
Gio, who were not successful in the first task concerning the construction of the
angle bisector. A clear improvement is observable.

Alex & Gio (9" grade)
We took a line r, passing through points A and B, then we took a point C
&r.

Then we drew a circle (centre, point) having AC as its radius and then we
traced it, entering taking the
centre in A. We drew a circle
(centre, point) having radius
BA and centre B. /7

We then determined points C

and D with “intersection of @O B
two objects” and we joined C

and D.
CDOAB

Proof

Let us consider the triangles
ABC and ABD, which are
equal for the '8 criterion>
AB in common,

Figure 4. The construction of the perpendicular i
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AC = AD because they are radii of the same circle.

DB = CB because radii of the same circle.

Equal angles are opposed to equal sides, therefore the equal @ngles
ABC andO ABD are opposed to sides CA and AD. Angles CAB and
BAD are opposed to sides CB and BD. We know that anglBED and

O BDC are equal because they are at the basis of an isosceles triangle
and also angles ACD and ADC are equal.

Triangles DOA and AOC ppint O is marked on the drawing but it was

not explicitly defineplare equal according to the 2nd criterion, namely
equal angles are opposed to equal sides, therefore angles COA and DOA
are equal and right angles ... angles AOC and BOD are equal because
they are vertically opposite angles.

Compare this protocol with the previous one reporting the solution of Alex and
Gio to the first construction task; a clear change is evident.

The pupils show a good theoretical control of the figure, i.e. the image on the
screen and its construction. The pupils clearly separate the description of the
construction and its justification, the justification is correctly referred to the
theory available and can be considered an acceptable proof. This is not a
common construction, and actually, the use of the two points (A and B) deter-
mining the given line r, originates two circles with different rays, this makes the
validation more complicated, requiring a delicate analysis of the figure in order
to overcome intuitive evidence; nevertheless, the pupils succeed in finding the
way of correctly relating the construction process to their argument, referring to
the theory.

Conclusions
The discussion, we started with, introduced the main issue of this paper: the
claim of educational value of introducing pupils to theoretical thinking.

Proof and theory are a challenge for mathematics education; difficulties and
obstacles have been largely described and discussed. The main challenge consists
in elaborating specific approaches to theoretical thinking that take into account
different modalities of thought and introduce a theoretical perspective without
ignoring or neglecting other ways of thinking. The objective is to make pupils
achieve a flexible way of thinking, which takes advantage of different type of
argument, but maintains the consciousness of their diversity.

Solving a mathematical problem is a very complex task; it is not so important
to provide a rigorous proof of its solution, but rather to have an idea of what such
a proof should consist of and know that it will be required for a final acceptance.

In this stream, a possible proposal was presented in the previous sections,
based on the potentiality offered by a particutdcroworld. The proposal is
centered on the activity of construction, in particular construction in the Cabri
environment, and aims at making a theoretical perspective evolve.

Our results are very encouraging. The sense of a construction, deeply rooted
in the experience in th€abri environment, is put into question in the collective
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discussions. As a consequence, the descriptions of the construction procedure
change, improving their clarity through an increasing master of correct terms; on
the other hand, the argumentation approach the status of theorems, that is the
justifications provided by the pupils assume the form of a proposition and a
proof. Pupils show that they achieve a theoretical perspective in the solution of
construction problems, and moreover, this seems to provide a key of accessing
the general meaning of Theorem.

Certainly, a successful experiment does not solve the problem; difficulties do
not disappear by magic. As shown in our classes, argumentation does not evolve
in a proof spontaneously, nevertheless this evolution is possible: the specificity
of the environment to which argumentation is related and the direct guide of the
teacher may determine this evolution. All that requires a long and patient work.
In our opinion it is worth making such an effort; mathematics without the flavour
of theory looses one of its main cultural values.
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Exploiting Mathematical Opportunities
Afforded by Mathematical Tasks:
A Case Study of Shifting
from Arithmetical to Algebraic Thinking

John Mason
Open University

Abstract

I am interestedin the lived experienceof mathematicswhetherin

doing it, learning it, or teaching it. | am concerned thatEngland at

least, many teachers’ lived experiencedoes not include awareness
that | have of potential afforded by tasksfor studentsto encounter
mathematicalthinking, heuristics, and themes,or to use their own

mathematicalpowers.| conjecturethat this is at least partly because
they are unaware of significant aspectsof mathematicalthinking, of

major heuristics,and of principal themesLacking functional aware-
nesses, they are not a position to recognisemathematicalpotential
in tasks,and are therefore not in a position to exploit the thinking

that is available. In order taunderstandthis state,| turn my attention
to how it is that | recognisethe possibilities that | do, in order to

support others in doing the same.

Although different conceptionsof mathematicsand of how children learn
mathematicamost effectively may be used to account for different statesof
awarenesd, challengethe constructof ‘conception’ itself as generative sug-
gestinginsteadthat it is at bestparticipative.l look in detail at just one aware-
ness:how sometaskscould be seento be on the boundary of arithmeticand
algebra,and thereforecould be usedto promoteshiftsin children’s thinking. |
surmise that if teachers are unaware of the value of, the need for,attineof
such a shift, indeedif they have not themselvesnadea similar shift securely,
becomeawareof that shift, and becomeaware of how to promptthat shift in
others,then they are not in a strong position to stimulate the education of
children’s awarenessesnd hencecannot be effective even in training child-
ren’s behaviour, much less in prompting them to educate their awareness.

Conceptions and awar eness

It is commonto discussbeliefs, attitudes, conceptions,perspectivesgtc. as if

they were well defined ‘things’ which people possessn the way that they
occupy a body and can think. For example,the question "what do you
believe...?"is usuallyawkward to dealwith, yet in the midst of making asser-
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tions it is not uncommon to find yourself saying “I believe that...takesonly

a moment’s reflection to recognise that beliefs are thimgassertwhen we are
challengedto justify someother assertionand what other people constructin
orderto accountfor what they observein our behaviour(our actionsspeech,
writing, gesture, posture, ...). Bitdoesnot follow that ‘beliefs generatebeha-

viour'. The mostwe cansay s that beliefsare constructionswhich may appear

to be consistentor inconsistentwith observedbehaviour,bearingin mind that
observations are themselves based on the observer's own sensitivities to notice.

Attitudes are constructions of pitch, yaw and roll, tkabrientationin three
dimensionstaken metaphoricallyover into the affective domain.However, just
like a body in space,our affect also pitches,yaws, and rolls. | suggestthat
people do not ‘haveonceptionsor attitudes’in the senseof possessingome-
thing. Ratherthey have a variety of habitual patternsof behaviourwhich are
displayedon different occasionstriggeredby different factors,and which can
be accountedfor locally by sayingthat they ‘have theseconceptionsor those
attitudes’. More precisely,we eachhave multiple selves.‘Attitudes’ are per-
spectivesmanifestedoy different selves(Bennett,1964; Marton, 1981; Minsky,
1986). Butto expresss to over stress the act of bringing to expressiomeces-
sarily overlooks subtle details and stressessome featuresof what is being
attendedto over others.Consequentlygreatcautionis neededin taking what
people say about their beliefs and attitudes at face value.

What to me is much moiienportantis that in eachmomentwe are awareof
somethings consciouslyand of other things subconsciouslywhile being obli-
vious to many other thingsgJl at the sametime. What is significantis the scope
and structureof that awarenessat eachmoment,becausethis is what defines
what is possiblein the next moment,and this is what surroundsand imbues
students,creating possibilitiesfor learning. Furthermorewe all have characte-
ristic triggerswhich alert us to notice certain featuresor aspectsof situations,
andto overlook or ignore others.Thesecan usefully be accountedfor in terms
of multiple selves which take over control of the psyche.

| amtrying to be cautioushere,becausegust becausesomeonesayssome-
thing, it doesnot follow (for me at least)that they alwaysbelieveand act as if
they believe, nor even sometimesbelieve or sometimesact asif they believe.
What is articulated is only tiny part of the lived experiencel havefound that
the best way to make contact with lived experiencetlirersis to makecontact
with it in myself. Once | am sensitised and aware of that sensitivity, leaanto
let go of my own propensitiesand to usethat sensitivity to becomeaware of
what others are experiencing.

In the spirit ofphenomenographyMarton, 1981; Marton & Booth, 1997),1
record here someof the variation in conceptionsof mathematicsthat | have
heard or seen expressed.

Mathematicsas (consistingof, consistingmainly of) skills to be mastered
(even delivered!);

Mathematics as (consisting of, consisting mainly of) rules to be memorised;
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Mathematics as (consisting of, consisting mainly of) topics to take in;

Mathematics as (consisting @pnsistingmainly of) opportunity to exercise
powers;

Mathematics as (consisting of, consisting mainly of) a social practice;
Mathematicsas (consistingof, consisting mainly of) an economic gate-
keeper;

Mathematics as (consisting of, consisting mainly of) the language of
modelling;

Mathematicsas (consistingof, consistingmainly of) socialor psychological
watershed;

Mathematics as (consisting of, consisting mainly of) a specialised discourse;
Mathematics as (consisting of, consisting mainly of) a personal construction;

Mathematicsas (consistingof, consistingmainly of) part of the format of
culture-society;

Mathematicsas (consisting of, consistingmainly of) a formal game with
symbols;

Mathematics as (consisting of, consisting mainly of) training for work;

Mathematicsas (consistingof, consistingmainly of) the languagein which
to articulate the laws of science;

Mathematicsas (consistingof, consistingmainly of) the languagein which
to describe the material world and through which to control it;

Mathematicsas (consisting of, consisting mainly of) a domain of explo-
ration.

Mathematics as a necessary evil;
Mathematics as the home of certainty in an uncertain world;

We can also considereachof thesefrom the point of view of a child, of a
bemused or frustrated adult, of a mathematiciancdrecharassedeacher.Each
conception will read differently in those different contexts.

I hope that you may recognise some of them at least. If theso@r@wvhich
resonatdesswell for you, then it may be worth while exploring those dimen-
sions, because each of thésere beenmaintainedas primary or centralby one
or more thinkers.

Whatever aspects of mathematics are being stressed at anpweant,each
mathematicdeacherarrangeghat childrenare given tasksto do which at least
superficiallyhaveto do with mathematicsThe questionl am pursuing hereis
how one goesabout recognisingmathematicapotential, that is, potential for
mathematicathinking, which is presumablythe mathematicapurposein enga-
ging in the task. As Christianserand Walter (1986) observed activity is what
arises when a task is taken on. But of course the task as conceiigaulthor,
the task as set by a teacher,the task as construedby children, the task as
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tackled,and where assessedhe task outcomeas expectedby the marker,are
often quite different.

M ethod

My approach to investigating questioisgo interrogatemy own experienceas
closelyaspossiblejto locatedistinctionswhich make senseto me, which help

me make sense of past and present experience, and which seem to be @&ffective
informing future actions by providing me with additional sensitivity so ttean
choose to respond freshly to situations; and to developedime task-exercises
which seem to provide others with access to tisaseedistinctions,thosesame
sensitivities,so that they too can test out in their past, present,and future
experience whether those distinctions are helpful.

My own data are drawn from my experience, thé datal offer you comes
from your experiencethat which comesto your awarenessas you engagein
sometask-exercisesl begin thereforewith sometasksfor you to undertake.
What you notice,what you distinguish,constitutesthe data which | will then
address.

Data collection: Task-exer cises

I have chosenthree domainsof tasks to illustrate issuesin being aware of
mathematicalpossibilities: arithmetic calculations,arithmogonsas a structure
exploiting arithmetic,and word problems,all with the potential for leadingto
algebraicthinking. | invite you, in reflecting upon your experienceof the
following tasks,to considerhow that experiencemight be different if at the
sametime, you were also led to articulatedifferent conceptionssuch as those
listed above.

Doing & undoing

Write down a numberwhich when doubled and added to three, then
divided by four, then has five subtracted, gives six.

Whereyou surprisedthat the answerwas not a whole number?How did you
find it? Did you work forwardsby trying an example,seeingif it worked, and
then adjusting it to make it work? When abstraasd processindependentf
particular problems, thiapproachis the origin of the rulesof false positionand
of double false position, which dominated medieval European mathematics,
tracesof which can be found in ancient Chinesemanuscriptsand Egyptian
papyri.

Perhapsyou found yourself working backwards, undoing the stated
calculations (add 5, multiply by 4, subtract 3, divide by 2).

Attention placed otow people findanswerswill reveal,perhapson trying
severalsuchexamplesthat eachoperationcan be undoneby using its reverse
or inverse operation.
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Pausefor a momentand considerthe range-of-changgossiblein such a task.
What are the limits beyond which the structurechangesand requiresa fresh
technique in addition to or instead of reversing each operation in turn?

I am confident that you are aware that the specific numbersused are
irrelevant, as is the order of the operations omiln@berof compoundedopera-
tions. Theserepresensomeof the possiblerange-of-changethe dimensionsof
variation, as Ulla Runessoncalled it (this volume, p. 36; see also Marton &
Booth, 1997). Attention can bdrawn away from specificnumbersand a speci-
fic sequence of operations, and onto the wawlch the undoing reverseshe
order and reverse$e operation.This is of coursea centralnotion in mathema-
tics. DaveHewitt (OU 1991)usessuchsequenceso get studentsat the end of
an hour’s lessonhaving never solved equationsbefore,to be ableto solve a
general equation of the form

((ax+b)g—d)e+z=h

but with more operationsand in different orders, the Greek letters for the
coefficientsbeing entirely unfamiliar signsto them! Even if they don’t go this
far, studentscan at leastdevelopa generalrule for answeringa whole classof
specific questions like the one given but starting \aitli final number.The sig-
nificance of the tasks to appreciateand be led to employsymbolsto standfor
particular but as yet unspecified numbers. Now try this one.

Write down a numberwhich when doubled and addedto 7 gives a
numberwhich leavesa remainderof 3 when divided by 8. Write down
such a numberwhich you are confident no-one elsewill write down!
Write down all such numbers!

Using remaindergforces us to look for a whole number. Note the device of
asking for a particulam peculiar(e.g.one that you think no-oneelsewill write
down, or one which is unusuel someway), and a general.This three-pronged
task almostforcesstudentsto becomeawareof and to contemplatethe range-
of-change the range of possibilitiesfrom which they can choose ratherthan
jumping at the first example thabmesto mind. Algebraicthinking dependson
awareness of scope of generality, that is, the range-of-chartge which some
structure stays invariant. This importawarenesfiasto be not just within the
experience of teachers, but part of their conscious pedagogic awarenestoif it is
be employed successfully with pupils. AdevelopedelsewhergMason,1998),
to function effectively in mathematics you need to employ
awareness-in-actiogonsistingof the powersof construaland of actingin
the material world which we have from birth and which are manifestedby
gaining observable mechanical skills, including mathematical routines;
In order to become an expert practitioner (e.g. a mathematician), you need
awarenes®f awareness-in-actiomr awareness-in-disciplinevhich enab-
les articulationand formalisationof awarenesses-in-actioand which is closely
linked to one form of shift of attention; this is how disciplines arise.
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In his presentatiorat this conference) sawBill Barton as inviting participants
to consideralternativeawarenesses-in-disciplirgarting from awarenesses-in-
action displayedby south-sedslandersamongothers,in orderto broadenand
enrich mathematics beyond that developed in Europe.

To become an effective teacher, you maymesdto hone your awareness-
in-discipline to the samelevel of precisionas a mathematicianput you need
enough in order to develop

awareness of awareness-in-disciploreawareness-in-counselhich is the
self-awareness required in order to be sensitive to what others require imoorder
build their own awarenesses-in-action and in-discipline,ishti teach(Mason,
1998).

In order to experiencethe working of such awarenessespause for a
momentand think about the various ways that the ‘doubled and addedto
sevenleavesa remainderof 3 on dividing by 8‘ task could be altered,varied,
and augmented. What is th@nge-of-changewhat arethe dimensionsof varia-
tion within which it remains the same softtask calling upon the samesortsof
powers, and affording encounters with the same sorts of mathematical ideas?

This pausingand becomingaware of the range-of-changethe scope of
generality,is an importantpart of pedagogicpreparationlt mirrors for teachers
what studentsneedto do, which is to appreciatewhat an exampleexempilifies.
This meansbecomingaware of what could be changedwithout substantially
altering those principlepowers,and techniquesusedto resolvea problem,but
possibly extending that thinking. Thus egmioblemthat a studentworks on is
not justa taskto be completedbut represents classof tasksor problems.The
aim of resolvinga problemis to becomeawareof the methodas a method,that
is, of the particular as representativeof a generalclass,so that the method
becomes dormula, an algorithm,or a method.Somestudents(typically but not
exclusivelymale)are contentto get a task finished,while others (typically but
not exclusively female)are not content unlessthey have reacheda state in
which they think they could solve the problem again in the future. Most
students will benefit from being stimulatedd enculturatednto the practiceof
‘seeing the generalthrough the particular’ by seeinga particular problem as
typical of a whole classof problemswhich can be solvedusing the sametech-
nique. Stimulating and enculturatingrequiresawarenesson the part of the
teacher.

Now write down a number which whaetoubledand addedto 7 givesa
numberwhich leavesa remainderof 3 when divided by 8 lessthan the
original number.

Suddenly there are only finitely many integer solutions. Hasetkasnplealtered
your awareness of the range-of-change of ik type? It certainlyintroduces
the need for a new technigue for resolving problems such as

4 +82y have integer solutions?’.

‘for what values ofy will x =
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20

Oneapproachis to perform the synthetic division to reachx = 8+ which

forcesy — 2 to be factor of 20 which forcgs- 2 to be...

The point is to experiencea shift in awarenessof the range-of-change
possible, in order to feel whitis like for studentsand for colleaguesot to be
aware of the same scope of generality tfat experiencen other situationsor
tasks. The notion mentionedin passingof attending to how you ‘do the
particular’ makes a vitatontributionto experiencingand expressinggenerality
(Mason et al, 1985).

Arithmogons

Arithmogong(Mclintosh & Quadling,1975)is the namegiven to a collection of
taskswhich havere-surfacedoeriodicallyin the UK, the mostrecentbeing the
new National Numeracy Strategy in the UK (DfEE, 199979); seealsoMason
and Houssart(2000) for somehistory and someextensions.t is an excellent
example of a task structure which FEa®rmousmathematicapotential,but this
potentialcan only be actualisedif the teacheris aware of possibilitiesand of
ways of activating them.

Colleagues from the UK willecognisethe title, if not this particularvariant.
| have chosento offer a more sophisticatedversionfirst, in orderto challenge
those who are unimpressedwith pupil-level tasks, whereasin the previous
domain | built up to the more sophisticated from the simpler.

Arithmogons Variant

The numbersin the squareson the edgesof the triangle are
calculatedasthe product of the vertex numberson that edge
minus their sum.

Now canyou go backwards?For example,if the edge-
numbersare 5, 35, and 59, what choices are there for the
vertex numbers?

It is importantthat you work on this for a bit, in order to seewhat you
notice abouthow you go aboutthe task. One approachis to resortto algebra,
which exploits and expresses structure and enables you to iantate-specify
a more tractable problem (e.g. one equation in one unknownrecagnisethe
structureof the edgenumbersbeing 1 lessthan the product of 1 lessthan the
vertex numbers). Another approach is to mageyour own examplesof vertex
numbers and thefill in the edgenumbersjn orderto try to detectstructureor
pattern through your familiarity with numbers.

Traditional Arithmogons

o In the traditional presentatiorof arithmogonsthe initial task

can be to insert, for each edge, suenof the vertex numbers

1 [] at the ends of that edge. This is perfestimightforwardand

typical of taskswvhich embedrepetitive arithmeticoperations

@ [ ] ° in somestructure.Whole numbers fractions, negatives,and
decimals could all be used as appropriate to the pupils.
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Interestingthings happenwhen the ‘doing’ of the calcula-
tion is reversed: when the boxed numbamsgiven andthe
vertex numbers are to be determined.

It is clear that the ‘undoing’ version of arithmogons
can be tackled entirely arithmetically, at first by ‘guess-
check-and-modify’ and later by makinguse of arithmetical
structure imposed by the arithmogon triangle.

| seeit as perchedon the boundary between arithmetic and algebra,for
structurecan be sensedconjectured,and used.It can be expressedarithmeti-
cally in particular,verbally or symbolicallyin general.Symbolscan be usedto
locate and expressstructure(here,the sumof the three edge numbersis twice
the sumof the threevertex numbersand then that this fact enableshe vertex
numbersto be reconstructed)This formula or algorithm can be discoveredby
creating severalexamplesfor oneself (going from vertex-numbersto edge-
numbers),especiallyby being systematic.lt is but a tiny stepto moveto the
general, for example by doing an examyi¢hout actually doing the arithmetic,
or by decidinghow to checka proposedanswer,and then substitutingletters
for the proposednumbersto revealthe constraintsinherentin the arithmogon
structure.

Consider for a momerhe range-of-changeossibilitieswithin the arithmo-
gon structure which have come to mind as you have been reading.

Somepossibilitiesthat have been consideredinclude re-
placing triangles by quadrilateralsand other polygons
(not all polygonshave the sameeffect!), and more com-
plex diagrams could be used such as the one indicate

Some edges could have one computation while
othershave another(e.g.sumand product, or GCD and
LCM). Entries on theedges(or vertices)could be whole
numbers, integers, rationateals,or algebraicexpression:
such as polynomials or rational polynomials. Students
could be askedto characteriseonstraintsto be imposed
on entrieson edgesin orderto enablea solutionto be
found belonging to one of these classes.

The sophisticated version | gave at finss intendedto promptyou to want to
constructsomeexampledor yourself (decidingon vertex-numberdrom which
to deduceedge numbers)in order to locate somestructureor pattern. Notice
that if this happensyou are also rehearsingthe arithmogonoperation(in the
sophisticated version, product minus sum), but on your own examples;auith
attentiondirectedto structureratherthanto ‘getting the answer’as would be
the case in ordinary exercises. This principle, studieDdye Hewitt (1994) has
multiple applications:if you want studentsto automatesomeprocedure,give
thema task in which they wish to constructand do examplesthat use that
procedureyatherthan just giving themmultiple questionsin which to usethat
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procedure. The idea is to attrdbeir attentionaway from the doing of the pro-
cedure in order to automate it.

To have the requisiteawarenesf this principle in order to invoke it in
different contexts requires an appreciationof the mathematicalprocess of
‘Doing and Undoing’, aswell as adoptinga compatibledidactical perspective
concerning the role and purpose of rehearsing procedures.

Reflection

The reasonfor mentioning arithmogonsis that its full potential is rarely
actualised Schemesand texts which includeit exploit only a small part of the

potential explicitly, but manyeachersare not sufficiently mathematicallyaware
to recognise the wider potential. What yane awareof aspotentialin a taskis

limited partly by yourdomainof confidencewithin mathematicspartly by your

conceptionof mathematicsand partly by the pressuresinder which you are
operating.Whereteachershave time and supportfor engagingin mathematical
thinking together,there is more chanceof the mathematicapotential of tasks
being actualised.

I am suggestingthat theseremarksapply not just to arithmogonsbut to
tasksusedin classroomgenerally:awarenesf mathematicathemessuch as
doing & undoing invariance amidst change and freedom& constraintcan
suggestways of modifying and extendingtasks,in orderto convertthem from
routine exercisesnto vehiclesfor developingand consolidatingmathematical
thinking.

Word problems
The use and abuseof word problems as pedagogicalinstrumentsover the
centuries is a long and complicated tale. | can do no morehmemesuggestthat
word-problemshave been usedin mathematicseducation (and for entertain-
ment) sincethe earliestof written records.Most word problemscan be solved
using arithmetic, which is perhapswhy traditionally they have drifted out of
algebratexts and into arithmetictexts. But they actually lie on the boundary
betweenarithmeticand algebrafor they offer spendidopportunitiesfor expe-
riencing and expressing generalitiashievinga senseof power by obtaininga
formula for doing ‘all questions dhis type’ or at leastan algorithm or method.
Thus they offer opportunitiesfor creativity, rather than an extra and hateful
burden on students.

Consideras an examplethese problemstaken from Wiliam Thompson's
Chambers’Algebra for School$1898):

Divide 48 into two parts, such thahe-halfof the greateraddedto one-
fifth of the less shall be 18. (p. 189)

Pausefor a momentand considerthe potential range-of-changehat you are
aware of in this task.

Later in the book we find a collection of exercisesstatedin the general(an
unusual feature to be found in only a few books in different generations).
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Divide n into two parts,so that p timesthe greatermay exceedq times
the less by. (p. 216)

A few pages later we find:

It is required to divide into four parts, such that if the first lbéminished
by m the secondincreasedy n, b timesthe third increasedy p, and ¢
times the fourth diminished ly the results shall all be equal. (p. 218)

Now consider the potential range-of-change of thasks.|t may be that these
further examplessuggestmore dimensionsof variability than had occurredto
you just a momentpreviously. If so, then you have specific and direct expe-
rienceof transitionfrom being unaware to being awareof pedagogicpossibili-
ties. Butin generalit is not sufficientto ‘tell’ peopleof an addeddimensionof
variability. Somehowthey have to integrateit into their scopeof possibilties.
This dependson their awarenessof mathematicalthemes,their awarenessof
pedagogical devices, as well as the local conditions, intentions, constraints, etc.

In his book on algebra,Arithmetica Universalis IsaacNewton (1683; see
Whitehead, 1972) posed and solved most problengeneralthen in particular,
sometimes using the general as a formaite] sometimesusing the samemethod
to do the particular.A few authorsin eachgenerationsince have posedboth
particularand generalversions,but most have beencontentto poseonly the
particular.l have alwaysseenword problemsasopportunitiesto generaliseto
create my own method, even my own formalad | have beenmystified by the
numberof authorswho provide multiple minor variants of the same problem
without any indicationsthat the questionsthey pose are but representatives
from ageneralclassof problems.Indeedmanyauthorsgo so far asto ‘mix up’
the questiontypes, presumablyso that studentsgain experienceof thinking
carefully about each problem (Mason, 1999).

Reflection

Recognisingrange-of-changethe dimensionsof percievedvariability connec-
ted with atask,is the first stepin actualisingthose possibilitiespedagogically.
But without those awarenesses, little is possiatg] little mathematicathinking

is likely. The whole purposeof settingtasksfor childrenis that they use their

powers of mathematicalthinking, becoming aware of them and developing
them. Through this exerciseof powersthey encountermathematicaconcepts
and techniquesas well as mathematicathemesand heuristics.They even en-

counter‘themselves’in the form of their propensitiesand habits, and thereby
have the opportunity to develop new ones.

Theoretical reflections

With a limited conceptionof mathematicsof the possibilities afforded by a
mathematical task, the tranposition didactique (Chevellag85) is likely to
leada teacherto teach studentsproceduresto ‘do the task’, such as solving
equationsarithmogonsgpr particularforms of word problems.At its most basic,
this meandots of practice,for example,in specific one-operationequations,in
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forward arithmogons’,and in simpleword problems perhapsseenas a context
in which to get students to practice arithmetic operations. But the telaafiey
provide lots of examplesfor students‘to do’. Alternatively, and more power-
fully, informed by the themeof ‘doing and undoing’, much more interesting
tasks can be generated.

Teacher needs to provide
Forward plenty of worksheets of
Arithmetical, examples for children
To rehearse additior synthetical Children have to work thei
or some other way through lots of
operation examples
Teacher needs only to
Backward initiate the backward
Empirical, activity
abductive or Children make up own
inductive examples on which to try t
solve the backwards
problem in particular
To move from Backward Teacher needs to initiate
rehearsal of Structural, backward activity and shift
operation and algebraical, attention to structural or
empirical to analytical general
structural

Two or three contrastingexamplescan highlight differences (dimensionsof

variation), which in turn offer either a disturbanceto be accountedfor and
generalised, or indication of what might be permitteditangeand hencewhat
might be invariant. Thuseveraldifferent contextsmay highlight what is essen-
tial and common to all members of a class or type of problem.

Seeing potential

As suggested in the case-studies of specific tasks, assuming that a tasittemno
how well designedwill inevitably force studentsto encountersomethingor to
learn something,is to dependvery strongly on a cause-and-effecinechanism
whereby students undertake tasks and learn from doing (some construed
version of) them. A more appropriate conjectigrthat while a task may leadto
insight, to encounters with important mathematical theamekheuristics,and to
studentsbecomingawareof their own powersin ways which enablethemto
develop thosepowers,this developmentabspectis much morelikely when the
teachersare themselvesaware of such possibilities.| do not mean that the
teacher has to be aware of them in advance, because makingfgbssibilities
in advanceis likely to resultin studentattention being directed accordingto
teacherdesires,without the benefitsarising from teachersconnectingdirectly
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with studentexperiencel do meanthat the teacherbecomesawareof possibi-
lities asthe activity generateddy the task unfolds. This awarenesss resonated
from pastexperiencewith rich themessuch as doing-and-undoingjnvariance-
amidst-changeand freedom-and-constrainiThe teachercan only intervene,
prompt, probe, or guide to the extent that they are aware of possibilities
themselvesijn the moment.What mattersmostis what comesto mind in the
moment-by-moment unfolding of the activity.

The possibilitieswhich cometo mind for a given teacher depend very
strongly on featuresof the particular situation: the preparationthe mood, the
class, the room, the time, the specific mathematical topic, howaitight in texts,
etc. They will be attenuateddelimitedand definedby the teacher'sawareness,
which may be articulated in the form béliefs,conceptionsof mathematicsand
pedagogicaktrategiesbut none of thesedrive the others.Rather,they all co-
emerge (Varela, Rosch & Thompson, 1991).

| have concentrated here on tasks at the boundary of arithametiglgebra,
becausealgebraforms a mathematicalwatershedfor a majority of the popula-
tion. Yet | am confident that many more people could experigrepower and
pleasureof the use of their undoubted powers to experienceand express
generality.Indeed| take the view that a lessonwithout the opportunity to
generalise is not a mathematics lesson.
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What Matters in the Mathematics Classroom?
Exploring Critical Differences
in the Space of Learning

Ulla Runesson
Goteborgs Universitet

How is it possible to make sense of and to understand how the classroom, | as a
teacher manage and have responsibility for, affects students’ learning?

In this presentation | propose a framework for analysing the classroom from
the point of view of possibilities and constraints for learning (Marton & Booth,
1997; Bowden & Marton, 1998). | will describe some of the underpinning ideas
of this framework but also demonstrate how this has a potential for revealing
features of classrooms that are critical for what the learners have possibilities to
learn.

When | started my research some ten years ago | had been a teacher for more
than 15 years and | had met hundreds of teachers in in-service training and
teacher education. | was puzzeled by the fact that, although there seemed to be a
consensus about what was meant by good mathematics classrooms, mathematics
classrooms were very different. For instance, there seemed to be consensus that a
problem solving approach, taking students' knowledge into consideration in
mathematics classroom, using small group learning, discussing mathematics,
using manipulates, were features of good mathematics teaching. However, from a
lot of school visits, | had experienced that classrooms in some respect could be
very similar, but yet very different. For instance the same manipulatives could be
used, the students could work with the same problem in an interactive discussion
in two different classrooms - but yet — and this was an intuitive feeling | had —
their classrooms were different in some respect. And, | realised, when examining
how good mathematics classrooms were described, that descriptions like "small
group work”, “problem solving approach" and so on, were merely descriptions of
how the classroom was organised and of teaching methods in general.

In the same way, there are descriptions of the role of the "good" teacher. The
teacher as a facilitator who proactively supports student learning or the teacher as
a coach, are teacher characteristics and actions that are considered as desirable.
So, | asked myself: if two classrooms are organised in the same way, if the
students are taught with the same teaching methods, solving the same problem
etc. and the teacher acts as a coach, can you still say that the students have the
same learning opportunities? Or are there other things that matter? Are there
other aspects of the mathematics classroom that the learners encounter that
matters for learning than organisation, and teaching methods also? And what
does the teacher do when she is coaching or facilitating students' learning?
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Studying “what matters” in mathematics classrooms —

a matter of perspective

Before | continue and try to answer the question “what matters?” | will start with
a very brief overview of how effects of mathematics teaching have been studied.
It is not bold to claim, and perhaps it is known to everybody in the audience, that
there has been a radical reconceptualization of understanding of classroom
learning and teaching during the two last decades. Koehler and Grouws (1992)
give a solid and close exposition of research of the effects of teaching practise in
the ‘Handbook of research on mathematics teaching and lear@mguws,

1992) just as GrahaMuthall (1997) in his article in The International Handbook

on Teachers and Teaching from 1997 does. It can be concluded that the teaching
— learning process has been studied from various perspectives, with various
underlying philosophies and with a range of methodologies. The introduction of
new methodologies and disciplines into the study of classroom experience
implied a paradigm shift and has resulted in the acknowledgement of the multi-
dimensions and multi-layered nature of classroom processes.

This paradigm shift was a reaction to the previously dominated correlational
and experimental research paradigm, often characterised as process-product
research. In a "typical" process-product study the frequency of particular teacher
and student behaviour, such as types of questions asked, length of responses,
number of and types of examples used, were noted (Koeh@mo&ws, 1992).
Student outcomes - in terms of achievement on test scores - were correlated to
the frequency of the observed behaviours to determine what behaviour was
associated with high performance in learning. This research tradition was much
criticised (Brophy & Good, 1986) for not taking the complexity of classrooms
and the teachers' - as well as the students' intentions, beliefs and attitudes - into
consideration. Recently, as research and data analysis techniques have become
more advanced, more aspects of the teaching act have been looked at in detail.
But mostly, there has been a stronger - but also a diverse - theoretical foundation
for this kind of studies (Koehler & Grouws, 1992).

Although the theoretical point of departure for these studies may be different,
one premise is shared; the research on teaching in mathematics should be
combined with research on learning (ibid.). However, when approaching the
issue of what matters in the mathematics classroom the underpinning philosophi-
cal ideas about how students learn have implications for what aspects of the
teaching — learning process that is taken into consideration. For instance, the con-
structivist assumptions about how students learn imply certain desirable teacher
actions and hence those are considered to be of concern for "what matters?"
Cobb and Bauersfeld and their associates (See e.g. Cobb & Bauersfeld, 1995)
have created a framework for approaching the mathematics classroom as an
environment for learning. Teaching and learning have been studied from the
point of view of how meaning is negotiated and how reflective discourse can
promote learning. A cognitivist tradition assuming the importance of linking
existing knowledge to new knowledge, focuses on how the teacher provides
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instruction appropriate for each student (Koehler & Grouws, 1992), whereas,
within the socio-cultural tradition, learning implies participating in a community

of practice. How this happens in the classroom practise is the object of research
(see e.gSfard, 1998).

So, it can be concluded that the theoretical perspective on learning is impor-
tant for approaching the issue of “what matters?” In the same way the particular
theoretical framework that | have been using in my studies, has certain assump-
tions about learning and a particular ontological and epistemological foundation
and hence pays attention to particular aspects of the phenomenon.

When | approached my research project with the particular background |
mentioned earlier, | aimed at coming "beyond" such aspects like organisation,
teaching methods etc. and focusvamatstudents had possibilities to learn in the
mathematics classroom. The point of departure taken was that what is most
fundamental for learning is how the learner experiences,rsitacels, or per-
ceives that which is learnt. And, when examining the classroom as a space for
learning, that which ipossibleto experience or understand must be of concern.
Since learning always has an object - there is always something learned - how
this object of learning is handled in the classroom, was the object of my research.
So, | wanted to study the mathematics classroom from the point of view of what
was possible to learn.

When the teacher and the learners interact around a topic, an object of
learning is constituted. The object of learning is jointly moulded, mostly by
linguistic means, in the interaction between the teacher and the students or by the
students themselves. This object of learning is an “enacted object of learning”
(Marton & Morris, in press); it is the researcher’s description of what students
encounter in the classroom, what they are afforded to learn.

The pedagogy of variation
To illustrate how the enacted object of learning can be studied and it its
significance for learning, | will present two studies of mathematics lessons.

Teaching fractions

The first study is a study of five teachers and their students in grade 6 and 7 in
the Swedish comprehensive schd®lfiesson, 1999). The classes were followed
during some 8 consecutive lessons. The teachers were all experienced teachers,
with 5 to 25 years of teaching experience, however, with different experience of
in-service training in mathematics education. The lessons were audio-taped and
transcribed verbatim and in addition field notes were taken by an observer in the
classroom. The teachers were interviewed twice, once before the teaching
sessions and once after. All five teachers taught fractions or percentages. So, the
mathematics content was the same in all lessons.

Several similarities between the lessons were found. For instance, the
organisation was very similar in the five classes. These were mixed lessons (i.e.
plenary lessons combined with desk work). The students worked more or less
organised in pairs or groups during the lessons. The teachers all used mani-
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pulatives as teaching aids and there was a "realistic maths" approach in all
classes, in that mathematics wamtextualised in everyday situations that were
supposed to be familiar to students. Three of the classes even had the same
textbook. However, there was a clear difference between the classrooms. This
difference concerned how that which was taught was handled.

When the teacher tried to make the students understand something or notice
something, she brought some aspect of the mathematical content to the fore of
the students' attention. | found a difference in what aspects of the content that
were focussed on and what aspects that were not focussed on (i.e. they were left
out or were taken-for granted). For instance, Kate, one of the teachers, used a
piece of elastic, which was partitioned into four equal parts. First it was indicated
that each part was a quarter of the whole, and then she stretched the elastic
alongside the desk, indicating the length of a quarter of the desk. After that, she
stretched it alongside the blackboard and pointed to the quarter of the length of
the blackboard. Finally, she compared the extent of a quarter of the blackboard
with the extent of quarter of the desk. In this way she pointed out that the relative
size of a quarter, is not equal to the absolute size of a quarter. So, this particular
aspect of fraction was focussed on. The students were afforded to experience, or
you can also say, they had possibilities to learn that the size of a fraction is
related to the size of the whole. This aspect was paid attention to only in Kate's
teaching. It was left out in the other lessons.

If we look closer at what Kate did, we will find that she varied the whole, she
used two different lengths, in this case the length of the blackboard and the
length of the desk, but kept the fraction (i.e. a quarter) constant. So, the whole
was varied, while the fraction was invariant. In this way she opened for a
dimension of variation within the whole. In this case she took two instances, two
different wholes, but she could have taken more of course. This implies that she
opened a dimension of variation of the whole.

| found that variation played an important role when the object of learning
was mouldedAll teachers used variation when they tried to draw the students'
attention to various aspects of the content taught, however they did this
differently. In this way different patterns of variation were constituted in the
different classes.

I will just give you an illustration of different kinds of patterns of variation
that | found; an illustration that is very distinctive, but also perhaps familiar to
you. Let us look closer at two lessons. In both lessons a procedure for calculating
a/b of c was the topic. Teacher A started with showing a piece of string of 90 cm.
“How much is 1/3 of this piece of string?” After the first example she changed
the nominator from 1/3 to 2/3. She presented a procedure: “divide 90 by three
and multiply by two”. Then she took a new example 1/5 of 40, followed by
changing the nominator again i.e. 3/5 of 40 and finally 3/5 of 60. The dialogue is
presented alongside our analysis below.
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Teacher A

T: OK. Here | have a piece of string. It's The teacher introduces the proble
90 centimeters (The teacher holds up A manipulative aid is used.
piece of string). Three persons sha strategy for solving the problem (1
share that equally. How do you go abot of 90) is introduced.

with that? Fair share? Tell me, Sylvia.

S1: Well...divide by three.

T: Yeah, each one will get a third. Bu The nominator is changed;1/3
let's say, one of them will have som¢ changed to 2/3 (2/3 of 90).

more than the others. The string is sti

90 centimeters and | want 2/3. How

could we figure that out? 2/3 of a string

that is 90 centimeters? Thomas?

S2: (inaudible)

T: Right. First you figure out the length The teacher elucidates the strate
of a third and then take another one. and illustrates with the manipulati
and together that makes...? What di aid.

you say? 6@entimeters? Yes. So, first (1/3 of 90=90/3=30)

you have to figure out the length of 1/3

Measure that and then take another or

(The teacher first marking 1/3, then 2/.

of the whole length of the string)

T: OK. Lets take a look at this piece 0 A new problem (1/5 of 40)
string (The teacher is holding up ¢introduced. A manipulative aid
shorter piece of string). This is only 4( used.

centimeters. | would like to have one Written representation

fifth of 40 centimeters. (Writing on the

blackboard: 1/5 of 40 cm).

S2: 8 centimeters.
T: Yes, each fifth is 8 centimeters. Bu3/5 of 40 (the nominator
let's say we will have 3/5. How do you changed). The teacher asks for

figure that out? Tell me, Lisa. appropriate strategy.

S3: 3 times 8.
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T: OK. At first we must figure out how The teacher elucidates the strategy
much is 1/5, so you divide 40 by 5, an

you'll get 8. And 3 fifths must be three

times as much. Three such piece

That's 24. But let’s say that the piece c

string is 60centimeters instead. (Writes

60 cm on the board). One of you shoul The whole is changed (3/5 of 6
have 3/5, and another one 2/5. Ho\ Written representation

much will the person who gets 3/5 have

---OK. How do we go about with this?

The whole piece of string is 60. | shoulc The teacher asks for the approprii
have 3/5, then | must figure somethin: strategy

out first, what...? Martin.

S4: 5 divided by 60

T: Well; now you said it the other way
around - 60 divided by 5. What's that?

S5:12

T: OK. 12. So now we know that 1/5 is
12. How much is then 3/5?

If we analyse this data as regards what aspects that are focused or lifted up, it is
apparent that the strategy for solving the problem (calculating the length of a
fractional part of a piece of string), was the focus. This is what the teacher tried
to draw the students’ attention to. But since only one strategy or procedure was
present and hence, not varied, the strategy itself did not make up a dimension of
variation in this situation. This particular aspect was focused, but it was kept
invariant. On the other hand, the teacher changed the parameters in the problem -
after introducing the problem and presenting an appropriate solving strategy, the
teacher changed the length of the piece of string as well as the size of the
fractional part (1/5 of 40). In the next example, the numerator was changed (3/5
of 40), and finally in the last example, the whole (i.e. the length of the string) was
changed. Thughe strategy was invariant, while the numbers were varied in a
systematic wayso, in this caséhe numbers involved in the problem made up a
dimension of variation.

This could be compared to teacher B. The day before, the students had been
working with a particular problem of marking 3/7 of a 7 x 8 squared rectangle.
The rectangle was shown on an OHT. The teacher invited the students to come
up with different solutions and to justify their strategies. Different solutions were
presented and re-described by the teacher.
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Teacher B

The rectangle is shown on an OHT. T

begin with the teacher asks Lena to te A manipulative aid is used
the class how this could be done.

S1: If you just take 7 squares from th In each group of seven squar
whole, and then take three of those... three are marked

you count ‘one, two, three’ and marlk

them.

T: Why? The teacher asks for an argument

S1: Well it is 3/7 of the small pile. And The pupil is explaining her strateg
then | continue: one, two, three, four
five, six, seven, go on like that. | alway:
count to seven and mark three of them.

T: Oh yeahl understand! You counted The teacher elucidates Len¢
one, two, three, four, five six, seven an strategy

then you mark three of them. And the

one, two, three, four, five, six, seven an A manipulative aid is used

you mark them. In other words, you dt

it like this (pointing at the OH) one, two,

three, four, five, six, seven, you cal

mark the last ones like that? How d

you go on? In the same way?

S1: Yes.

T: Well did anyone do this differently? The teacher asks for alternati
Did you all do like that? strategies.

Ss: No.

T: Well what about you...Sophie? Another pupil explains her stratec

S2: Well, | just divided it into seven part Which is different from the previo
one.
T: OK. You just counted all the square

and divided them into seven. OK, Mari:
what about you?

The teacher asks for alternati
strategies.

S3: Well | tried different numbers like Yet another pupil explains h

that until | got seven parts. strategy, which is different from tl
previous one.

39



Plenary addresses

Similar to teacher A, in this situation, teacher B focused on the solving strategy.
But, while this did not vary in teacher A’s lesson, teacher B asked the students to
come up with a variation of strategies. During the discudsierparametersf

the problem were the same, and hence thisimagiant, whereas the solving
strategy was varied and was presented as a dimension of varidtisnalso
worth noticing that the opening of the dimension of variation of solving
strategies is a result of the existing variation in how the students solved the
problem. The variation in students’ solving strategies were made explicit when
the teacher asked for alternative strategies, like: “ Did you all do like that?” “Did
anyone do it differently”? So, by encouraging the students to come up with their
own ways of solving the problem, a dimension of variation in how the students
experience the problem is opened as well.

However, there is also another dimension of variation that could be identified
in this situation. The variation in solving strategies also involves a variation in a
semantic interpretation of the operator aspect of fractions. 3/7 of 56 squares for
instance, could be interpreted as dividing 56 squares into seven groups and then
taking three groups out of the seven groups. (C.f. duplicator/partition-reducer
interpretation Behrdarel, Post & Lesh, 1993). But 3/7 of 56 squares could also
be interpreted as arranging the 56 squares into groups of seven and then taking
three out of seven in each group (stretcher/shrinker interpretation). Both these
semantic interpretations were held among the students and were made explicit
when the teacher asked for different strategies. Thus, in this situation, there is
also an opening ofaariation in semantic interpretation of the concept.

From Table 1 it is possible to compare the two lessons in respect to variation
and in-variation. There is a distinctive difference between the lessons in respect
to the pattern of variation that was constituted in the two classes. So, the pattern
of variation that the students were exposed to, or had possibilities to experience,
was quite different.

Teacher A Teacher B

Solving strategy Invariant Varied
Parameters of Varied Invariant
operation

Representation Varied Invariant
Pupil's understanding Invariant Varied
Semantic Invariant Varied
interpretation

Table 1. The space of variation constituted in lesson A and B respectively.

Whether variation was presented simultaneously or in sequence, was another
difference found.

In two of the lessons the same aspects of fractions were presented to the
class. In one of them, this presentation was done in sequence (i.e. each aspect
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was presented after one another). First, the part/whole aspect was presented, and
then, the division/quotient aspect, and finally the two aspects were brought
together as two aspects of a fractional number; the teacher linked the two aspects
of fractions by concluding that they corresponded to the same nunrber.
comparison, in the other lesson, the teacher focused on both aspects (the
part/whole aspecind division/quotient aspect) at the same time during three
steps. He first asked the class to mentally work out the solutions of two
problems, each pointing to one of the aspects of fractions and resulting in the
same number (‘4’). Then, he required the students to represent their solutions in
terms of mathematical symbols. Finally, he concluded that the same number
could be arrived at by methods that reflect the different aspects of fractions. In
this way, the relationship between the two aspectsswagltaneouslyprought to

the fore of the learners’ attentioRynesson, 1999pp159, 209).

To summarise: Although the five teachers' were teaching the same topic, the
aspects of the topic that were focussed, what was taken-for-granted, that which
varied and that which was constant, and what varied simultaneously or appeared
in sequence, was different. In this way a pattern of variation and in-variation was
identified. So, the space of learning, the space in which learning can happen, was
a space of variation.

Learning and variation

Initially | stated that what is most fundamental for learning is how the learner
sees, understands or experiences that which is learnt, and that what is learnt could
be seen in one way or another. Some 25 years of research with phethe-
menographic traditionMarton & Booth, 1997; Bowden & Marton, 1998)) have
described how that which appears to be the same thing, is experienced differently
by the learners. To educators this is of importance, since education aims at
developing a certain way of seeing, understanding or experiencing or developing
certain capabilities (Note! not necessarily one way of understanding!)

What do | then mean by "experience"? In every situation — like in this one for
example - it is possible to pay attention an almost unlimited number of aspects.
However, we do not. What happens is that some are paid attention to — others are
not. Some are discerned, they come to the fore of our awareness, whereas others
are left out, they are un-discerned or taken for granted. A certain way of expe-
riencing takes the simultaneous discernment of certain aspects. So a way of
seeing something can be characterized as the aspects that are discerned at a
certain point in time. The aspects discerned that define a particular way of seeing
something areritical featuresof what is seen in relation to that particular way of
seeing.

What is, for instance, required for experiencing the second pie in Figure 1 as
partitioned into thirds while the first one is not? What are the critical features for
seeing or experiencing something as thirds? To experience the shaded part in the
second pie as 1/3 takes the discernment of certain aspects, namely, the discern-
ment of parts — whole, the discernment of number of parts, and the mutual size of
the parts. And, in addition, all these must be discerned simultaneously.
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Figure 1. Pies partioned into thirds and three parts respectively

If the mutual size is taken for granted, and thus is un-discerned, the shaded parts
will both be experienced as representing 1/3. So, the discernment of the mutual
size is critical in this case. You can argue that the simultaneous discernment of
these aspects is critical for a certain way of understanding.

However, the discernment of an aspect takes an experienced variation of the
aspect in question. It is easy to realise that the discernment of coldness pre-
supposes the experience of heat, that the discernment of colours presupposes an
experienced variation of colours; of different colours. The discernment of a parti-
cular aspect takes the experience that it could vary. Understanding the many-ness
of e.g. “seven” presupposes an experienced variation of other numbers, nine, six,
two and so on. Understanding what a square is presupposes the experience of
other shapes that are not squares. So, a certain way of seeing implies the expe-
rience of patterns of variation.

From these assumptions, | argue that variation, or more precisely, the pattern
of variation that is possible for the learners to experience in the learning
situation, is of importance for what they have possibilities to learn.

However, it must be noted that it not the variati@n sethat is important,
for instance, that the more variation — the better. Insteadthaitswhich is
varying that is of interest; that which is varying at the same time, that which is
focussed on and that which is taken-for granted, is critical for learning.

In the previous examples different patterns of variation were identified. From
the assumption taken follows that the students had opportunities to experience
different patterns of variation in the different classes and hence, to discern
aspects of what was taught differently.

But you may ask: Does it matter? Does it affect students’ learning? In this
study | did not study what students had learned. It was only the constraints and
possibilities for learning that were examined. However, other similar studies of
lessons in economics (Rovio-Johansson, 1999) and in language (Marton &
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Morris, in press) where the theoretical framoek described previously has been
applied, have shown that what pupils learn reflects to a great extent how the
content was handled during the lesson.

Teaching and learning velocity graphs

That the presence, but also the absence of variation related to the object of
learning is critical for students’ learning is also indicated in an ongoing study
(Runesson, in progress), which | will say a few words about. A mathematics
lesson in grade 8 was videotaped with a particular technique (Clarke, 2001).
Three cameras were present in the classroom, one recording the teacher, another
the whole class and the third focussing a group of students. The tapes were
mixed, so it was possible to see the teacher’s actions and the students’ actions at
the same time. One of the focussed students was interviewed after the lesson.
During the interview the integrated video-tape was watched by the students. The
interviewer stopped at several occasions and posed questions about what had
happened during the lesson.

The topic of the lesson was graphical representation of speed versus time.
One of the tasks was to match five different situations (a-e) each describing a
moving object changing velocity as a rate of time in eight different graphs (
Figure 2).

For the situations below, assign appropriate speed vs. time graphs

(a) a ball thrown into the air (d) a car aceelerating to a constant speed
(bj a stone dropped from a great height (ej & bouncing ball
() a rock dropped from 1 cm above a glass filed with water

o t 0] t o] -t o -1

Figure 2. The task presented in the textbook
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It could be noted that two of the situations (a and e) implied a bi-directional
movement. That is, they did not only include a change of velocity but also a
change of direction. Unlike the unidirectional motion of a falling stone for
instance, a bouncing ball is bi-directional (i.e. moves in different directions). A
bouncing ball changes velociand direction. In that sense this situation is more
complex. To two of the students, Laura and Fiona in this study, A and E were
indeed the most problematic ones. During the peer work and after some
discussion the girls chose graph D as corresponding to “a ball thrown in the air”.
Graph D was once again chosen by one of the girls when she was interviewed
immediately after the lesson. So, neither in the peer interaction nor in the inter-
view, could the girls draw an acceptable v(t) curve, similar to B in Figure 2.

Is it possible to gain understanding about this failure from the point of view
of what was possible to learn during the lesson? Were necessary conditions
given, in terms of how the object of learning was handled during the lesson, for
solving the task? And what was critical in the learning environment for the
students’ learning?

In this study the way the object of learning was handled by the teacher in the
introduction was examined from the point of view of what could possibly be
discerned by the students, and | could identify some features, which seem to be
essential for their possibility to solve the task.

In the whole class instruction graph B was presented to the students.
However it was not chosen as representing a ball thrown into the air, as was the
case in the textbook, but a car slowing down, stopping and then reversing in
opposite direction with increasing speed. This situation was supposed to illustrate
that a graph intersecting the x-axis indicates a change of direction. The following
excerpt from the introduction illustrates the discussion:

1. T: OK can you see that the graph is going down all the time? OK, so
we've got a situation where we actually have a graph going down like
that. Now, the speed, have a look at it here. And have a look at it just a
little bit later. What's the speed, is it higher or lower?

2. Laura and Fiona: Lower.

3. T: So, what's the car doing? Slowing down? OK, now watch this

carefully. At this particular time (points where the line intersects the x-

axis) what's happening?

Fiona: It's stopped

T: Has it?

Fiona (?): Um

T: Ok. The car is going down and slowing down and slowing and

slowing. Is it going down nice and evenly?

Fiona: Yes

Laura: (nods head)

No ok

©
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It is common that the teacher, like in this case, does not take the same example as
in the textbook when introducing the students to a new topic. This could be a
way to challenge the learners, to make them apply knowledge to a new situation,
or to understand the generality of mathematics. But, how can the learner learn to
understand this generality? What is essential for understanding the general nature
of a graph, that one particular graph could represent several different situations?
In this case, it implies understanding that the same graph (B) could represent
both a situation like a car first speeding up, stopping, and then speeding up in the
opposite direction (i.e. the example taken by the teaemeta ball thrown into

the air, or other situations with change of positive and negative velocity. From a
logical point of view, it is reasonable to assume that the understanding of a
general principle presupposes the experience of (at least) two examples. To be
able to match graph B to the situation with the ball, the learners themselves must
be able to see that the car and the balldafferent examples of situations
represented byhe same graphOr, put differently, they must experience the
example as a dimension of variation.

To experience this as a dimension of variation, a variation in that respect
must be opened, either by the teacher or by the learners themselves. As was
shown above, in the introduction this did not happen. The teacher used one
example only.

When the girls were working with the problem on their own, this did not
happen either. Laura and Fiona were considering the task with the bouncing ball
(e). It was suggested that it could be either graph D or E. Laura, who suggested
D, argued:

L: Wouldn't be like E, it's not, a ball's n@onna like —
And Fiona filled in:

F: Go backwards. It's going to go woo-woo (moving hand back and forth
once fast two and half times horizontally). It's not going to do that.

In my interpretation, the girls must have experienced that alternative E, with the
graph intersecting the x-axis, represented a change in direction. Thus, they have
discerned one critical feature of that kind of graph; that the curve indicated
positive and negative velocity. However, they took the direction of the movement
for-granted — that this kind of graph represents a horizontal change of the
direction, only. The girls explicitly stated that the change of the movement of the
ball is vertical. It does not “go backwards”. My interpretation is that they were
referring to the example with the reversing car. Since, the ball does not go back-
wards, alternative E, must be rejected.

It seems as that the possibility of that the graph could représthia
horizontal and a vertical movement, did not appear to the girls. They did not
open up for this variation (i.e. that the change of speed could imply a vertaal
horizontal movement). The fact that they omitted the possibility that a graph
intersecting the x-axis could indicate a vertical as well as a horizontal change of
direction, was critical for their solving of the problem, and thus for their learning.
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It can be concluded that in this case the absence of variation made constraints
and possibilities for learning a certain kind of graphs. Since in the introduction,
only one example was taken by the teacher, it was not possible for the students to
experience that this particular graph could represent change of positive and
negative velocity regardless of whether the movement is horizontal or vertical.
That this aspect was left out; or it was not highlighted, neither in the whole class
interaction nor in the peer work, seemed to be critical for learning

Concluding remarks

Finally, | have been trying to demonstrate how teachers’ pedagogical actions can
be described in a way that reveals dimensions of the learning environment that
are critical for learning. In practise, of course, there are a lot of things that | as a
teacher must take into consideration when planning my teaching. | do not claim
that the theoretical framework | have presented here captures the full complexity
of the issue “what matters?” What | have been trying to argue for here is that the
object of learning must be taken into consideration. If teaching aims at develo-
ping certain ways of understanding or certain ways of experiencing, the learning
environment must afford the learners to discern aspects, parts, wholes and the
relations between them in a certain way; in a way that corresponds to the kind of
understanding, experiencing etc. you want to achieve. Aspects are likely to be
discerned if they are present to the learner as dimensions of variation. That which
is varying is likely to be discerned. So, from the point of view of “what matters”
features like presence and absence of variation are of significant importance.

References

Behr, M., Harel, G., Post, T., & Lesh, R. (1993). Rational numbers: toward a
semantic analysis — emphasis on the operator construct. In T.P. Carpenter, E.
Fennema & T.Romberg (Eds.)Rational numbers. An integration of
research(pp. 13-48). Hillsdale, NJ: Erlbaum.

Bowden J., & Marton, F. (1998The university of learning. Beyond quality and
competence in higher educatidrondon: Cogan.

Clarke, D. (Ed.) (2001)Perspectives on practice and meaning in mathematics
and science classroonBordrecht: Kluwer.

Cobb, P., &Bauersfeld, H. (Eds.) (1995The emergence of mathematical
meaning: Interaction in classroom culturésllsdale, NJ: Erbaum.

Grouws, D. A. (Ed.) (1992Handbook of research on mathematics teaching and
learning. A project of the National Council of Teachers of Mathemaliew.
York: Macmillan.

Koehler, M., & Grouws, D. A. (1992). Mathematics teaching practices and their
effects. In D. AGrouws (Ed.Y1992).Handbook of research on mathematics
teaching and learning. A project of the National Council of Teachers of
Mathematicgpp. 115-126). New York: Macmillan.

Marton, F. & Booth, S. (1997Learning and awarenesklillsdale NJ: Erlbaum.

46



Ulla Runesson

Marton, F., & Morris, P. (Eds.) (in presd)fhat matters? Discovering critical
condition of the space of learninG6teborg Studies in Educational Sciences.
Goteborg: Acta universitatis Gothoburgensis.

Nuthall, G. (1997). Understanding student thinking and learning in the
classroom. In B. J. Biddle, Th. L. Good, & I. F. Goodson (Eds.),
International handbook of teachers and reachingy! II (pp. 681-768).
Dordrecht: Kluwer.

Sfard, A. (1998). On two metaphors for learning and the dangers of choosing just
one.Educational Research&7 (2), 4-13.

Rovio-Johansson, A. (1998eing good at teaching. Exploring different ways of
handling the same subject in higher educatiGiteborg Studies in
Educational Siences 140. Goteborg: Acta universitatis Gothoburgensis.

Runesson. U. (1999)Variationens pedagogik. Skilda satt att behandla ett
matematiskt innehd[lThe pedagogy of variatiomifferent ways of handling
a mathematical contenthoteborg: Acta Universitatis Gothoburgensis.

Runesson, U. (in progress). Learning velocity graphs. The case of Laura and
Fiona.

47



Mathematical Symbols:
Means of Describing or of Constructing Reality?

Heinz Seinbring
Universitat Dortmund

Abstract

From an epistemological perspective, every mathematical concept needs
certain sign or symbol systems for coding the mathematical knowledge.
In primary mathematics teaching these are first of all the arithmetical
signs representing the number concept. For endowing these signs with
meaning oneisin need of certain reference contexts. During processes of
communication, students and teacher interactively construct relation-
ships between "signs/symbols’ and " objects/reference contexts' that can
be analyzed epistemologically. The epistemological analysis of the
interaction in a third grade classroom between students and teacher
about the correct explanation of numbers beyond 1000 shows a change
in the role of the mathematical signs for numbers: First, numbers are
explained with the help of concrete, empirical objects and properties, but
later one can observe a kind of reversal: Numbers can be constructed
autonomously by combining several ciphers. A student constructs the
cipher combination 10050 and in the interactive discussion about the
meaning of the number behind this cipher combination exemplifies that
mathematical symbols are autonomous means for constructing a mathe-
matical reality.

Mathematical symbols: Expression of realistic properties or construction of
relations? — The example of numbers in elementary mathematics teaching
There is a widespread belief about the nature of natural numbers in primary
teaching which says that they can be naturally explained as amounts of objects to
be counted that exist in the children’s world of everyday experiences. The
creation of numbers from pre-existing objects in reality is the central foundation
for the mathematical number concept. This empirical fundament — numbers as
names for objects, or numbers as amounts of several objects — can be exemplified
by many number images, real world images with according number sentences in
mathematical textbooks for elementary school; this kind of an empirical
foundation of numbers is mentioned, proposed and also criticized in didactic
literature. Jorg Voigt for instance remarks: “... especially in elementary school,
the meanings of symbols (signs) are related to empirical issues (numerals to ma-
terials, geometrical terms to the physical space, etc.).” (Voigt, 1994, p. 280).

The empirical links between numbers and objects in the real world could be a
helpful start for introducing the number concept; but later, they could also be-
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come severe obstacles for developing rich arithmetical strategies of a manifold
number concept (Steinbring, 1997). In contrast to the empirical understanding of
numbers asumbers for counting objects or asnames of sets such a conception
is fundamentally questioned from a philosophical and epistemological perspec-
tive. Paul Benacerraf (1984; compare also Jahnke, Steinbring, & Vogel, 1975,
pp. 216ff.) demonstrates by means of a philosophical and logical argumentation
that numbers cannot be defined in a universal and definite manner by reduction
to objects given unequivocally. The central consequence of his analysis is that
numbers can neither be objects nor names for objects. “I therefore argue, ... that
numbers could not be objects at all; for there is no reason to identify any indi-
vidual number with any one particular object than with any other (not already
known to be a number).” (Benacerraf, 1984, pp. 290/1).

But if numbers are not objects, what else are they?

To be the number 3 is no more and no less than to be preceded by 2, 1,
and possibly 0, and to be followed by 4, 5...... Any object can play the
role of 3; that is any object can be the third element in some progression.
What is peculiar to 3 is that it defines that role - not being a paradigm of
any object which plays it, but by representing theti@bathat any third
member of a progression bears to the rest of the progression. Arithmetics
is therefore the science that elaborates the abstract structure that all
progressions have in common merely in virtue of being progressions. It
is not a science concerned with particular objects - the numbers.
(Benacerraf, 1984, p. 291).

Are mathematical concepts such as the number concept the result of empirical
qualities which are then described by them, or are they social constructions
which constitute a new reality? Reuben Hersh has developed the following in-

terpretation concerning this matter:

| propose a way of thinking about the reality and existence of mathe-
matics which lets us keep our mathematical objects really existing, really
meaningful, without resort to mysticism. The key obsgovais that in

our world there are not two but three main kinds of reality. Mind and
matter are familiar. But they do not help with our puzzle, because mathe-
matical objects are not material, and they are not mental, in the sense of
being part of anyone's private subjectivity. (Hersh, 1998, p. 13).

Hersh debates a third sacial existence for mathematical knowledge.

We have not two but three choices. Material and mental are wrong. What
about social? | claim that social is right. ... | surely have five fingers on
my left hand, so “five” has a physical meaning. On the other hdnd,
includes some very large numbers, ((2 to a very high power) raised to a
very high power) raised to a very high power. It is questionable what
physical meaning this big number has. So the natural numbers as descri-
bing physical objects are not the same as the natural numbers in pure
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mathematics. The fact that | have five fingers on my left hand is an empi-
rical observation. “Five” in that usage is an adjective. There is no con-
ceptual difficulty there, any more than in saying my fingers are long or
short. But five in pure mathematics is less than the big number | just
defined, and is retavely prime to it, and so on. It possesses an endless
list of properties and relationships, not onlyNnbut also irR,in C , and
beyond. It's part of an akract theory. As such, it is not a material object,
not a mental object, but a shared concept, existing in the social con-
sciousness of mathematicians anceasti’ (Hersh, 1998, pp. 13/14).

Can such a philosophical and social interpretation be a solid and useful basis for
elementary arithmetics teaching at the same time? In the course of deeial
processes in history as well as in teaching and learning, changes of perspectives
and transitions from an empiristic and objective to a relational and functional
foundation of the number concept are always necessary. The philosopher Ernst
Cassirer introduces the differentiation betwesabstance concepts, referring to

objects and to properties of objects, &muttional concepts which are based on

the idea of relationships between elements of knowledge. The difficulty in the
relation between substance and function concepts are deeply-rooted and there are
often tendencies to hypostatize relational concepts later on.

But perhaps we can best appreciate the meaning and origin of this way of
thinking if we consider that even in scientific knowledge the sharp
distinction between thing on the one hand and attribute, state, and rela-
tion on the other malts only gradually from unremitting intellectual
struggles. Here too the boundaries between the 'substantial' and the
‘functional’ are ever and ever again blurred, so that a semimythical hypo-
stasis of purely functional and relational concepts arises. (Cassirer, 1955,
pp. 58/9)

In the following a short teaching episode from mathematics teaching in an early
third grade class will be analyzed in order to obtain a better insight into the in-
teractive ways of dealing with the difficult relationship between an empirical and
a relational interpretation of the number concept. We shall observe that changes
and re-interpretations of arithmetical conceptions and of justifications become
inevitable and in which way local fundamental changes from a substance concept
to a relational concept are negotiated and performed.

Analysis of an exemplary episode from a primary mathematics classroom

At the beginning of the third grade the number space is extended from one
hundred to one thousand. For this purpose the students of this class will use a
manifold of different means of visualization and structured diagrams, as for in-
stance the number line, or the thousands book and the 1000 dots field. From their
mathematical work in the second grade, the children are already used to cope
with such structured diagrams for interpreting and justifying arithmetical rela-
tionships and operations. During the mathematical lesson observed here, the
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children are first of all expected to become familiar with to thousands book to
some extent.
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In the course of the lesson, the teacher wants the students to read off numbers
from the thousands book one after the other in steps of 50 starting with the
number 50. Some of these numbers are written in this book in the familiar way of
decimal ciphers; others are not written down, but have to be concluded structu-
rally. This exercise, just like many others, intends to support thérehig first
orientation in reading and exploring this new number book.

Summarizing description of the first phase of the episode
The complete episode “And what comes after one thousand?” consists of two
larger phases:

1. Counting in the thousands book in steps of 50, and 2. And what comes
after 10007

During the first phase the task proposed by the teacher is exercised; one child
after the other names a number in the series of numbers from 50 to 1000 in steps
of 50. The teacher writes every number in mathematical notation at the black-
board. Two major problems arise in the beginning: “What is the next number
after 50?” Is it the 110, on the next page right on the top in the thousands book ,
or is it the 100? One student proposed as following numbers: “One hundred ten,
two hundred.” And the second problem: “Does 700 follow the number 200?".
Here, Julia goes on in steps of 500. These problems are interactively negotiated
and clarified; for instance, Jana shows on the third page how to reach the number
250 starting at 200 and moving in steps of tens. Subsequently the children are
able to quickly recite the numbers up to 1000.

61 S.: Seven hundred and fifty.
62 S.: Eight hundred.

63 S.: Eight hundred and fifty.
64 S.: Nine hundred.
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65 T.: Nine hundred? And further?

66 S.: Nine hundred and fifty.

67 T.: Phillip!

68 Phillip: Nine hundred and fifty.

69 T.: Fifty, Marc?

70 Marc: One hundred, uhm, one thousand.

71 T.: Yes, and what comes then? After one thousand? Another fifty?

At this point the second phase starts. The emerging problem refers to questions
as, “What comes after 1000?”, “How is this number called?”, “What is the name
of this number?”, “How is this number written down correctly with ciphers?”.

After the wanted number has been correctly named by one student with the
name “One thousand and fifty”, this number is to be written down with ciphers,
i.e. as a mathematical symbol. Different proposals are made: Kai proposes the
notation “1050”, Marc writes down “1005” and Svenja writes “10050". When
discussing which of these proposals is correct, the student Felix uses the position
table for interpreting this number - a suggestion strongly supported by the
teacher. A position table is drawn on the blackboard and now the children are
asked to write simple numbers bigger than one thousand according to their posi-
tions into this table; the positions have to be identified: ones, tens, hundreds,
thousands. The numbers written down into this table are the numbers proposed
by the children during the earlier discussion and some further numbers: 1050,
one thousand, one thousand and five hundred, 1005, one thousand and one and
10050. In the course of explaining the numbers with the position table, the
guestion whether one can represent numbers above one thousand with one or
several thousands books arises. In this way it is clarified that one would need one
and half a thousands books for the number one thousand and five hundred. The
second phase (and in this way the whole episode) closes with the problem of
writing Svenja's number 10050 into the position table and to reflect about how
many thousands books one would need for this number.

Analysis of two important interaction scenes during the second phase of the
episode

The extension of the number space from 100 to 1000 that has been carried out at
the beginning of the episode represents a construction of the new numbers in
which these numbers are given by the concrete positions - and therefore are
based on empirical qualities. The new numbers are for the time being quantities
for positions in the thousands book. Accordingly, the mathematical notations
1050, 1005, and 10050 for the verbally named number “one thousand and fifty”
represent something like abbreviating names for the quantities. Since three dif-
ferent “mathematical names” for the number word “one thousand and fifty” are
proposed, the question arises which mathematical name is the right one. We will
see that the role of the mathematical number symbols begins to change with this
problem.
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In order to be able to decide which of the proposed notations is correct, the
teacher now intends to refer to the position table as a means of providing justifi-
cations; the students are expected to look for the single positions of the new, big
numbers.

111 T.: What hint could you give to Marc, Kai, and Svenja? We already
have names for the different ciphers. Here we have a number with
three ciphers, and here we have a number with two ciphers, here a
number with four ciphers, and there also a number with five ciphers.
Uhm?

112 Teacher points to the numbers at the blackboard: 950, 50, 1050,

1005, 10050.
113 S.: And with five ciphers.

This implicit reference to the positions of the number might be a reason for
Svenja to revise her notation. In this way, she obtains a correct cipher represen-
tation; she says she has to change something and continues:

119 Svenja: Then | put there a one and a zero, and then over there th

121 T.: You think better this way too? Why now?

122 Teacher pointsto the 1050.

123 Svenja: Yes, when | look up there.

124 T.: Where did you look at? ... Everybody pay attention, please.
What is, how is this number called?

125 Svenja: Two hundred and fifty.

126 T.: Uhm, and, how did this then help you here in this case?

127 Svenja: That | have to wipe off a number, because there, there ar
only two hundred and fifty.

Svenja seems to make a comparison of the syntactic structure of numbers
between the correct symbolic notation “250” for the number two hundred and
fifty, and the imagined symbolic notation “2050” for this number according to
the principle she has used for writing the number one thousand and fifty in
mathematical terms as “10050”. Consequently one thousand and fifty also could
only be symbolically written as “1050”". Svenja wants to wipe off a number
(127).

Then the teacher explicitly introduces the position table after Felix's
interpretégion of the single ciphers as “ones”, “tens”, “hundreds”, and
“thousands”.

131 Felix goesto the blackboard and points at the TIH|T|O
different positions of the number 1050. 110|5(0

132 Felix: Actually, it's really simple, because this is the
thousand unit, this the hundred unit, the tens, the ¢

134 The teacher writes the following table down on the
blackboard, above the number 1050:

53



Plenary addresses

The question whether the notation “10050” for the number a thousand and fifty is
correct cannot be answered on the foundation of the prevailing empirical
understanding of the new numbers as quantities of positions in the thousands
book. Svenja regards the internal structure of the ciphers of the number symbol
compared to the notation of the number two hundred and fifty which is already
familiar to her; and Felix refers to the characterization by the place value desig-
nation of the number ciphers: ones, tens, hundreds, and thousands. With the help
of Svenja's and Felix's explanations, the interpretation of the number symbols is
beginning to change: Number symbols are no longer the direct result of an em-
pirical quality respectively abbreviated names for quantities, but numbers have
their own internal structure and there is a production mechanism for numbers
which makes them independent from the given reality.

In the course of this episode, additional numbers bigger than 1000 are
entered into the position table, and it is tried to find out how many thousands
books one requires for the numbers 1500 and 1050.

The proposal made by Svenja to write the number a thousand and fifty with
the mathematical notation 10050 - that has been corrected by Svenja to 1050 -
shows that one can produce new numbers independently from a substantial con-
ception, only by the combination of a quantity of number ciphers. Thereby the
guestion which number is hidden behind Svenja's notation 10050 arises. It has to
be a number, but which one? At an earlier point of time, Johann already sup-
posed that it was a matter of millions.

106 Johann (whispering): She has written one million and fifty.

At the end of the episode a discussion about the question which number is con-
cealed behind Svenja's symbolic notation 10050 takes place. This number is to be
noted in the position table.

216 T.: ...... We still have Svenja's number. Can we write it down n
Who writes it down, Felix?

217 Felix goesto the blackboard and points to the 1 in the number
10050.

218 Felix.: This is one million.

219 T.: It's better to start with the ones, and write them down on the
position.

220 Felix: Zero ones, five tens, ...

221 Felix writes down in the position table:

222 Felix: ...... and then again zero hundreds and thousz

224 Felix: And then still one million

225 T.: Is this really one million? ... Miriam? Jana? ... thir
about how many thousands books we need for this
number?
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At this point the question of the correct naming of the new cipher position above
“thousands” comes up; an answer to this question could be supported by the in-
ternal structure of the position table as well as by reflections about the number of
thousands books necessary to represent this new number. Here the teaching epi-
sode closes.

The search for an answer to the question which number is expressed by
Svenja’'s symbolic notation clearly shows that a justification of this number can
no longer take place on an empirical basis by concrete qualities; this new number
has been produced by the combination of cipher symbols, therefore, this new
symbol constructs a new, mathematical reality, and it is not dependent on a given
reality. The spoken name of such new numbers as a combination of several
ciphers contains conventional aspects - like the name a million for 2000000 - on
the one hand; on the other, the meaning of the new numbers results from the
internal regulations and the connection of the positions of the single ciphers to
each other: An additional position added to the cipher combination represents ten
times as much as the position before. One does not require empirical objects for
the construction of the new numbers any more, and one does actually not need
spoken names for the new numbers constructed in this way: the cipher combi-
nations are sufficient for the symbolization of the numbers, but even this cipher
combination - the semiotic representation system - to be equated with the number
concept.

From an empirical towards a theoretical understanding of symbols:

An epistemological perspective on the interactive construction of numbers
Mathematical concepts are not empirical things, but represent relations.
Raymond Duval explains this position as “the paradoxical character of mathe-
matical knowledge”:

... there is an important gap between mathematical leuyd and
knowledge in other sciences such as astronomy, physics, biology, or
botany. We do not have any perceptive or instrumental access to mathe-
matical objects, even the most elementary, ... . We cannot see them,
study them through a microscope or take a picture of them. The only way
of gaining access to them is using signs, words or symbols, expressions
or drawings. But, at the same time, mathematical objects must not be
confused with the used semiotic representations. Thiictorg require-

ment makes the specific core of mathematical knowledge. And it begins
early with numbers which do not have to be identified with digits and the
used numeral systems (binary, decimal). (Duval, 2000, p. 61)

Mathematical knowledge must be represented by signs or symbols which consti-
tute a semiotic system that is of fundamental importance for mathematical activ-
ity. This is where the portrayed paradox originates: In order to treat and under-
stand a mathematical concept which is not directly accessible, one is in need of
an appropriate symbolic representation system; in order not to mistake this sign
system for the mathematical system, and in order to operate meaningfully in this
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system, the knowledge of the respective mathematical concept is necessary. (cf.
Duval, 1993, p. 37f; Steinbring, 1997, 1998a). With regard to this epistemologi-
cal position, mathematical knowledge is not simply a finished product for the
classroom and for learning. The (open) concept-relations make up mathematical
knowledge, and these relations are constructed actively by the student only in the
social process of teaching and learning. “In these conditions, how cadeatstu
learn to distinguish a mathematical object from any particular semiotic represen-
tation? And therefore, how can a student learn to recognize a mathematical
object through its possible different representations?” (Duval, 2000, p.62).

This relationship between the signs for coding the knowledge and the
reference contexts for establishing the meaning of the knowledge can be struc-
tured in the epistemological triangle besides (cf. Steinbring, 1989, 1991, 1999).

Objectrefe- g $ Sign/symbol
rence context

Concept

In the epistemological triangle, the construction of relations between “sign/
symbol” and “object/ reference context” via “concept” does not lead to a final,
unique definition, but is conceived as a complex mutual interplay. The links
between the corners of the epistemological triangle are not defined explicitly and
invariably, they rather form a mutually supported, balanced system. In the course
of further developing knowledge, the interpretations of sign systems and their
accompanying reference contexts will be modified.

The crucial point here is not to consider the reference context (or the object)
simply as given beforehand in a definite manner, but to be aware of the fact that
this context will change during the process of knowledge development into a
relational connection. “Things become 'objects' only through the activities of a
subject.” (Bauersfeld, 1995, p. 273). According to this fundamental change of the
status of the reference context, the production of mathematical meaning in the
interplay between the sign system and the reference context can be described as a
process in which a relatively familiar situation (the reference context) is put into
a relationship with a still new and unfamiliar sign system, and, in this way, the
sign system may be endowed partially with meaning by interpreting the sign
system analogous to the referential system.

In the following this epistemological triangle shall be used as an instrument
of analysis for the development of the meaning of humbers in this described
episode; in the course of the analysis further conceptual aspects of this triangle
will be clarified.

What are the meanings, representations and notational forms of represen-
tations which are negotiated and used in the course of this teaching episode?
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What are specific elements of the number concept in this episode, which could be
interpreted according to the epistemological triangle as instances foatfe c
gories “Sign / Symbol”, “Object / Reference Context”, and “Concept”?

» Object / reference contextNumbers are represented in the thousands book (at
the beginning of the episode)

The central means of representation is the thousands book, in a walyjdog;

in this frame, the numbers do also exist (partially) in their way of writing ciphers,
especially the quantity of the number is represented (steps of tens, fifties, series,
number strips, to jump, to go on, half a thousands book, etc.). The thousands
book on the one hand is as an empirical object, representing the quantity of the
number; on the other hand it can be interpreted as a simple relational structure,
displaying relations between numbers.

 Object / reference context Cipher structure of the numbers is represented in
the thousands book (later in the episode)

The position table displays the internal, systemic structure of the number-sym-
bols and exceeds the name function and the function of arbitrary (conventiona-
lized) mathematical signs.

« Sign / symbol:Numbers as outspoken names (at the beginning of the episode)

Numbers are named by words of natural language, they have a verbal, outspoken
name: two hundred and fifty, eight hundred etc..

* Sign / symbol:Numbers as mathematical signs (a little bit later in the episode)

Numbers are written by means of ciphers: 250, 800; also this representation is
conceived first of all as a “mathematical” name, an abbreviation for the “verbal”
name. With the introduction of the cipher writing the name function of the num-
ber name begins to change into a mathematical sign and later into a true symbol!

According to these background considerations it is possible to make different in-
terpretations of the epistemological triangle for the analysis of this teaching
episode.

In the beginning of the episode, numbers are understood as “existing”
empirical properties in the thousands book and in this way the children count in
steps of fifties up to one thousand; one could describe this with the help of the
above epistemological triangle: Numbers are names for empirical objects, for
guantities, etc.; these names are verbal or mathematical. The numbers are ver-
bally outspoken, written in their cipher representation and pointed at in the
thousands book.
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By stating the question: “Yes, and what comes then? After one thousand?” (71),
the old context is exceeded and broken up. The name “One thousand and fifty”
now is to be written down in mathematical notation; the contributions and the
critiqgues of the students clearly show how the verbal name and the mathematical
name (the mathematical sign code) differ, and that they are no longer - in princi-
ple - identical. The cipher name and the verbal name of the number are definitely
different from each other!

On this basis there are now two different proposals made by the children of
how to decide which proposal is correct:

1) Svenja corrects her number and justifies this by a comparison with the
number 250; this comparison seems to be based on the syntactical
structure of the ciphers; but it is not possible to succinctly follow
Svenja’'s justification. In this way, the interpretation in the epistemo-
logical triangle shifts again; now the jebt is no longer the thousands
book but the syntactical structure of the cipher representation.

Object / reference Sign/

context symbol
250 Number name
Structure of @——  g50ken out
the ciphers and as ciphers

Number concept
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2) Felix remembers the interpretation of the separate ciphers in the
cipher-name of a number as “Thousands, hundreds, tens and ones”; the
teacher reinforces this by introducing the position table; besides the
syntactical structure of the number, this position table emphasizes the
internal, systemic connections between the ciphers themselves. With this
introduction of the position table (the discrimination between name and
cipher) the numbers obtain a new referential context, and once again, the
reading of the epistemological triangle is changed.

Here, the reference context does no longer consist of the thousands book and
consequently of an empirical, given foundation which the new numbers seem-
ingly can be built up on. The new, changed reference context represents a sym-
bolic, structured system itself. The numbers given by the mathematical symbols,
as for example 1005 or 1050, are developed meaningfully by referring to internal
structures present in the symbol itself - the positions and their relations to each
other.

Object / reference Sign /

context symbol
T[H|T[O Number name
110|5]|0 spoken out
1/0|0]0 and as ciphers

Number concept

Especially, the changed interpretations of the epistemological triangle can be
observed in the phase during which the number 10050 is to be interpreted with
the help of the thousands book and the position table. First, Felix writes down
Svenja's number into the known reference context “position table”, starting from
the right with the single ciphers and he names the positions he knows: “ones”,
“tens”, “hundreds”, and “thousands”. The position following next is still un-
known to him, he assumes it might be “millions”.
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At this point the rather familiar reference context “position table” partially turns
into an unknown symbol system because of the problem of how to interpret the
number “10050”; for still having a basis for further reflections and argumenta-
tions the teacher offers many thousands books as a new possible familiar refer-
ence context by stating the question:

225 T.: Is this really one million? ... Miriam? Jana? ... think about how
many thousands books we need for this number?

One would need 10 thousands books, which could possibly provide a plausible
explanation for the name of the new cipher position as “ten thousands”. And this
could be an exemplary expression for the important internal relation between
different place values that has to be constituted: The »times 10« reldti@ebe

one place value and the next “above” it. At this point, the teaching episode ends
with a conflicting situation: On the one hand, the cipher combination mentioned
by Svenja definitely represents a number, but by what means and in what way
can this number be understood substantially? Is a reference to an according
guantity of external objects necessary and connected to the correct explanation
given by the teacher's authority about which quantity of objects this number
represents? Or can the meaning of the number given by the cipher combination
be inferred from the combination itself?

60



Heinz Steinbring

Concluding remarks: What comes first — mathematical signs or objects?

The interaction during this episode started with an implicit agreement about what
the numbers in the given situation are; they are provided by the thousands book
and the students are all able - after some difficulties at the beginning - to read off
these numbers correctly. The numbers are to be found in the thousands book,
they have a name one can speak out, and the children also can express the name
of the number from the mathematical number signs in the book.

In the course of this episode three forms of structured contexts are used to
explore the relational character of the number “one thousand and fifty”. Svenja
seems to make use of the internal syntactical structure between the ciphers for
determining the correct symbolic notation for “one thousand and fifty” by com-
paring with the cipher notation of 250; she refers here to a rather abstract rela-
tional structure. This procedure then is continued and made more concrete by the
introduction of the position table as an already known material. The interpre-
tation for the single ciphers now is given by the positions: “ones”, “tens”,
“hundreds”, etc. The sign “5” for the number “five” can be differently interpreted
within the structure of the ciphers, according to its position; consequently the
internal relational structure of the mathematical sign chain has to be looked at. At
last the thousands book is used as a relational reference context (and as a sign /
symbol system as well) and not only as an empirical object in which one can
directly find the numbers as things, as for instance at the beginning of the epi-
sode. In particular, this new function of the thousands book is constituted by
using further thousands books for interpreting numbers beyond “one thousand”.

At the end, the interactively negotiated and changed interpretation from a
rather empirical to a relational conception of humbers nearly shows a kind of
paradox: Numbers are not names for things, they are not objects and the number
“one thousand and fifty” cannot be identified with the cipher structure “1050".
The number “one thousand and fifty” is determined by its relationship to other
numbers preceding or following it. In the course of the interactive discovery of
this relational structure, this arithmetical progression, with the help of the
position table and two thousands books the students are faced with the situation
of being neither able to use the position table nor the thousands book as a certain
basis for serious argumentation when trying to interpret Svenja's number
“10050”. Do several thousands books explain the position table, or, vice versa,
does the posibn table explain the structure and use of the thousands books?

Suddenly, a seemingly secure and familiar, concrete basis for the explanation
and justification of numbers is lost. But a deep epistemological problem of a
mathematical concept comes to the fore. The interactive process more and more
reveals the relational structure of the number concept, an “abstradtistruc.”
and the elements of this structure have no other purpose than to put them into
relation with the other elements of the structure (cf. Benacerraf, 1984, p. 291).
The change of a substance concept to a function concept (a relational concept)
makes the number concept (understood as a relationship betwekeraubeing
an arithmetical progression — in our example in form of the “times 10" relation
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between neighbored place values) an autonomous entity with regard to the
categories of “Object / reference context” and “Sign / symbol system”. Now it is
the number concept itself together with the constituting relationship, which
allows an exploration of the sign chain “10050” with the help of the symbolic
diagrams “position table” and “thousands books”, but not in a way of simple
reduction to one of these diagrams.

The role of mathematical symbols for the elementary number concept has
radically changed during the interactive discussion in this exemplary teaching
episode out of primary mathematics teaching: While the things of the findable
experience world - objects to count, here the given positions in the thousands
book - were at the beginning the incontestable basis which only made the con-
struction of numbers building up on it possible, namely as symbols to describe
given qualities of reality, at the end of the teaching episode, the number symbols
became autonomous means of constructing an arithmetic reality; Svenja's cipher-
combination 10050 can be regarded as a typical example for the automated
construction of numbers, for which a theoretical number understanding has to be
developed in the classroom discussion with the children.

In a philosophical analysis Brian Rotman (1993) has pointed out, referring to
the historical development of the number zero, by a changing interpretation of
the zero from zero as a sign for nothing into the new interpretation of zero as a
sign for the absence of other numbers, how through this new role of the number
zero the system of cipher combinations gradually became an autonomous
production mechanism for the numbers. According to Rotman, the zero becomes
a metasign (it refers to other, non-present signs in the position notation) which
nevertheless takes part in the production process of the number signs itself, in
fact even starts this process and thus loosens itself from a given reality. “In other
words, the simple picture of an independent reality of objects providing a pre-
existing field of referents for signs conceived after them, in a naming, pointing
ostending, or referring relation to them, cannot be sustained. ... The result is a
reversal of the original movement from object to sign. The signs of the system
become creative and autonomous. The things that are ultimately 'real’, that is
numbers, ... are precisely what the system allows to be presented as such. The
system becomes both the source of reality, it articulates what is real, and provides
the means of 'describing’ this reality as if it were a domain eternal and prior to
itself...” (Rotman, 1993, pp. 27/28).

In the classroom episode dealt with, the role of the zero is treated partially,
for example in Svenja’s first proposal; especially by the utilization of the position
table the role of the zero as a sign for the absence of other number signs is used
implicitly, and this role as a metasign leads already in primary teaching to the
start of an autonomous production of numbers which results in a loosening from
the given existence of concrete objects. This detaching could be demonstrated in
an exemplary and situative way in the observed episode. The sign 10050, con-
structed as a cipher-combination, does not require an explaining object, it
emerges by autonomous construction. One fundamental orientation of elementary
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school mathematics consists in the effort of making the rather abstract mathema-
tical concepts more visual by a foundation in concrete objects and qualities. Our
example shows that the meaning of this new number ultimately cannot be
reasoned satisfactorily on the basis of given objects and qualities (thousands
book or quantities): For an appropriate explanation of the new and big numbers,
it is meaningful and necessary to reveal the construction micheaof these
cipher combinations - i.e. the structure between the differentigusiin the
position table - and to make it understood gradually; and with the help of this
construction of numbers these number symbols become means of constructing an
autonomous mathematical reality which can then also bepietd into
experience reality.
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"Mathematics - that's what | can't do."
People's Affective and Social Relationship
with Mathematics'

TineWedege
Roskilde University

Introduction

The overall purpose of mathematics education research can be described as
investigating and forming people's relationship with mathematics. The statement
"Mathematics - that's what | can't do." - summarises findings from qualitative and
guantitative studies of adults' relationship with mathematics (Cockcroft, 1981;
Wedege, 1995.indenskov, 1996; Wedege, 1999; Coben, 2000; Evans, 2000).
Defeat and selection in school mathematics education may result in this belief in
adults. However, the statement is contrary to the math-containing competences
that many semi-skilled workers demonstrate in their job and everyday practice.

Differences between informal mathematics (street mathematics, folk mathe-
matics) and school mathematics (that people learn and practice in formal
education) have been investigated in a series of studies. This paper argues that
these differences are one of the reasons why adults don't recognize the informal
mathematics in their everyday life as mathematics.

Competence is a readiness for action and thought based orlekgew
know-how and dispositions learned and incorporated through school and every-
day life. Athough there is no 'typical' ganipant in further education, blocks and
resistance are two central phenomena when adults learn mathematics. This is
connected to how they exper@nthemselves as competent persons without
mathematics and that mathematics is not perceived as relevant to their life
project. If adult numeracy, as a personal math-containing competence, instead of
academic mathematics, is seen as aim in adult training and education programs,
then there are some possible consequences for teaching practice. In the deve-
lopment of the first Danish AduMlumeracy Curriculum, basis has been to make
mathematics visible in people's everyday practices and in the math-containing
competences of adults.

Context and affect

In the 1990's, Dian&€oben and Gilian Thumpston conducted a series of research
interviews about adults' experiences of mathematics in their lives, both past and
present, in order to create what they have called "mathematics life histories".
They term the mathematics one can do but which one does not recognise as
mathematics "invisible mathematics", after Mary Harris and the ethno-
mathematician PauluSerdes (Coben, 2000). Their work is an important contri-
bution to the understanding of adults' relationship with mathematics, and the
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following terminological clarifications of the two terms ‘context' and 'affect'
match their findings.

Researchers in mathematics education use the term ‘context’ in two meanings
and | propose a terminologica distinction. The one is contexepresenting reaity
in tasks, word problems, examples, textbooks, teaching materids etc. (e.g.
everyday life situations evoked in a problem-solving takkgll this type task
context. The other fundamental meaning has to do with context for learning, using
and knowing mathematics (e.g. school, everyday life, workplace), or context of
mathematics education (e.g. educationa system, educational policies). | cal this
type situation context (Wedege, 1999).

| would like to stress that this is just a terminological clarification, not a
theoretical/conceptual definition of ‘context’. My distinction is only meant to
shake things up and | will use a situation from my favourite, the Danish cartoo-
nist ClausDeleuran, to illustrate the terminology. Here the task context is
"digging ditches" but the situation context is a mathematics classroom. When the
situation context is a building site the task is in fact "digging ditches" - not doing
calculations although the worker is doing a lot of calculations.

In a mathematics classroom:

The teacher says,

- "Problem number 123"
- 3 men have to dig a ditch that is 1.20 m wide and .85m dee
together they can dig a 3 X 3m (cubic meter) ditch in 30 minutes
long will the ditch be after 8 hours of digging. ”

- Figure that one out!

The pupil thinks,
- Hmm, if we figure a goodhovelful is 3 litres, then 3000 times
divided by 3 equals 100€hovelfuls divided among 3 men. That's
1/3 divided by 30 minutes. That's a little more tharshavelfuls pe
man per minute. That's the same as one shovelful per 5 3/4 sec
wonder if they can keep that tempo all day?

The pupil says,
- Is it on an hourly wage or by contract? And how many breaks dg
get?

The teacher says,

- Sgren!! That's too much!

- Why can't you just do your calculations like everyone else?
- Are you just being a smart alec or what?

(Sgren is thrown out the door.)
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My second terminological clarification concerns "affect". According to McLeod's
review (1992), beliefs, attitudes, and emotions are used to describe a wide range
of affective responses to mathematics. These three terms are not easy to
distinguish but they vary in the stability: beliefs and attitudes are generally stable,
but emotions may change rapidly. They also vary in level of intensity of the
affects that they describe, increasing in intensity from "cold" beliefs about
mathematics to "cool" attitudes related to liking or disliking mathematics to "hot"
emotional reactions to the frustrations of solving non-routine problems. McLeod
also distinguishes beliefs, attitudes, and emotions in the degree to which
cognition plays a role, and in the time they take to develop. This is not the only
analytical description in different dimensions of the affective area in mathematics
education research (cf. Evans, 2000, pp. 43-45) but | find these three dimensions both
operational and cognitively satisfactory.

Thus | have adopted McLeod's characterisation of the affective and under-
standaffect as comprising three dimensions: beliefs, attitudes and emotions
wherebeliefsinclude self-perception(e.g. "Mathematics - that's what | can't do."),
aspects of ‘identity’ (e.g. "We - the semi-skilled workers - not using mathematics
versus "the others" using mathematics), and confidencegtindles(e.g. maths
anxiety) are more stable thamotionge.g. panic).

Invisible mathematics

Coben and Thumpston have used the term "mathematics life histories” to
describe adults' accounts of their mathematical experiences throughout life - both
those that are explicitly mathematical (such as being taught subtraction at school,
or working out a budget as an adult) as well as those in which mathematics is
implicit (such as knitting or judging distances when driving). They used quali-
tative research techniques involving semi-structured interviews which they
recorded on audio tape.

Almost all the interviewees remarked the importance of mathematics and
success in math examinations. On the other hand it appears that once people have
succeeded in applying a piece of mathematics, it becomes 'non-mathematics' or
‘common-sense’. Thus they never perceive themselves as successful: mathematics
is always what they cannot do. Some themes emerged from their research, two of
which they designated as follows:

« the door- marked '‘Mathematics', locked or unlocked, through which one
has to go to enter or progress within a chosen line of work or study. This
image was often used, reflecting the frequency with which mathematics
tests are used to filter entry into training and employment.

« invisible mathematics the mathematics one can do, which one does not
think of as mathematics - also known as common se@sbefi, 2000,
pp. 54-55)
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Coben and Thumpston claim that this invisible mathematics may have limiting
effects on the individuals concerned and perhaps more widely, on conceptions of
mathematics in society in general:
Firstly, for the individuals concerned, 'mathematics’ is rendered unattainable.
It becomes by definition, what they cannot do. Secondly, the individuals' nega-
tive self-image as someone who is unable to do mathematics may impact on their
confidence as learners, since mathematical ability is widely considered as index
of general intellectual ability. Thirdly, in society at large, the image of mathema-
tics as difficult, only for the selected few, is maintained rather than challenged.
Eileen is one of their interviewees. She is 39 years old and studying for a
psychology degree. Having come to recognise her own 'invisible métbgnaa
an adult, Eileen puts it:

If somebody says "I can't do maths”, | think what they are saying is "I
can't do that part of it", they are not saying "l can't add up or take away, |
can't work out how much my mortgage is going to be, or | can't work out
how much I've got left". What they are saying is "l can't do that part of
it" but that's what they call mathand | realise that was what | was
doing. Coben, 2000, p. 55 - my italics)

Some people do not recognise what they can do as mathematics unless it is in the
form of a standard algorithm or formula. For most of the interviewees, 'proper
mathematics' seemed to consist mainly of standard algorithms in arithmetic. This
narrow conception of mathematics is compounded by the widely-held view that
there is only one standard algorithm for each operation - usually the one the
person was taught in school (p. 56). In everyday life people use their own
methods, developed by the individual or handed down through a community.
From the English Cockcroft Report we know that adults often get a guilty
conscience because their methods are different from the 'correct methods' they
learned at schoolQockcroft, 1982)Coben and Thumpston have this example:
one of the male interviewees talked about a problem he had of marking out an
athletics field for young children, reducing the standard adult track and throwing
pitch markings:

He had converted the running track but was having difficulty with the
curved markings for the throwing events. How could he find the correct
formula that would allow him to mark the pitch? He knew he could do it
by using a rope and pegs - but as he would not be able to write down the
calculation in a suitably 'mathematical’ fotme felt that this was not
‘doing mathematics{(Coben, 2000pp. 56 - my italics)

Another of their interviewees, May, a woman of 79, expressed it like this when
talking about doing do-it-yourself jobs around the house:

You measure, put up shelves, you measure distance, size, and the
backets, where they go - that all involves general maths. To me, though,
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that's just common sensk..] You don't think of [it] as being maths.
(Coben, 2000, p. 57, - my italics)

From my own research, | have similar examples. In order to identify and describe
mathematics in semi-skilled job functions and to analyse how mathematics
knowledge at work is interwoven with vocational qualifications, | have investi-
gated selected firms within four lines of industry: building and construction, the
commercial and clerical area, the metal industry, and tran3fede€ge, 2000).

At a large electronics factory, | observed a semi-skilled worker with many years
of experience in production. She is now working in the quality control. When |
interviewed her after the observation asking questions about the mathematics that
| found in her work, she said: " ... that's just the logic of battery hens." In this
situation context, | think that common sense is seen as instinct or intuition as
opposed to that which has to be learned or as self-evident as opposed to serious
knowledge.

We may find another example of this belief in a 'mathematics life history'
interview that | made with my mother, Ruth, five years ago. It was a narrative
interview, not a structured interview. Although she knew that | was interested in
the mathematics in her life she didn't speak of herself as someone doing
mathematics. Only once during the whole interview, she linked ‘'mathematics’
with her everyday competence. Ruth is an active woman of 75. Bridge is her
main interest and every summer she organises tournaments.

T: How do you plan a tournament, for example with 9 tables?

R: Oh, that's quite difficult. 5 tables are a minimum. You have to make
a table plan and plan how you are going to move around. 5 tables,
that's 10 pairs, and they have to play 9 rounds if everyone is to play
against everyone. 3 games at each table,igshHa7 games, and that's
enough for one evening. But if there are 6 tables, that's an even
number, then the cards have to be put over to tables 3 and 4. They
are not played. That's called a relay - in order to make everything
work out. Tables 1 and 6 share cards.

T: What does that mean?

R: If we play 3, maybe 4, rounds, then table 1 plays first. ... A
tournament with 6 tables is called a Howell tournament. 7 tables and
it's a Mitchell. (...) At the tables you sit east-west and north-south.
The tables are numbered. When the guests arrive each pair gets a
number: table 2, north-south, or table 4, east-west. North-south
remains at the tables. East-west go to a table with a higher number.
The cards go to a table with a lower number. It's all calculated very
mathematically so that everyone plays with everyone else and
nobody plays the same cards.

(Wedege, 1999, p. 221 - my italics)

Earlier in the interview, when Ruth talked about leading a bridge tournament she
said, "It's also a question about arithmetic”. It was only later when | asked her to
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explain the principles for planning a tournament, she said, "It's all calculated very
mathenatically".

This was the first and only time during the whole interview that Ruth linked
her own competence in everyday life with mathematics. But her first reaction to
the question was that this was difficult. The way she explained to an ignorant
person like me the way a tournament leader plans is evidence of classical mathe-
matical thinking when solving problems: she starts with a simple example in
order to explain what is more complicated.

The belief in adults ("Mathematics that's what | can't do") is contrary to the
math-containing competences that many adults demonstrate in their job and
everyday practice, and the statement must be analysed from three inter-related
perspectives: (1) the adult's mathematical skills, (2) the adult's conception of
mathematics, and (3) the adult's self-perception in relation to mathematics
(belief).

Competence as a readiness for action and thought — Numeracy
In English-speaking countriesjumeracy’ is constructed as an analytical concept
for certain basic skills and understandings in mathematics, which people need in
various situations in their daily life. The term ‘numeracy’ is often used as a
parallel to the concept of ‘literacy’. Danish does not yet have a single expression
corresponding to the termumeracy’. Nevertheless, Lena Lindenskov and | have
chosen to use the noumumeralitet A term now adopted by the Ministry of
Education.

‘Numeralitet' (numeracy) describes a math-containing everyday ctanpe
that everyone, in principle, needs in any given society at any given time:

* Numeracy consists of functional mathematical skills and understanding
that in principle all people need to have.

* Numeracy changes in time and space along with social change and
technological developmentifdenskov &Wedege, 2001, p. 5)

It is this “in principle” that makes possible a general evaluation (as in the big
international surveys) and the developing of general courses in numeracy. All
adults who participate in a numeracy course will, in fact, have their own per-
spectives (why am | here?), their own backgrounds and needs (what am | going
to learn?) and their own strategies (what am | learning?).

We have developed an operative model for the study of aduoiéeracy. It has
four dimensions, which are

* Media (a) written information and communication (b) oral information
and communication, c) concrete materials, d) time and e) processes.

» Context- in the meaning of situation context - (a) working life, (b) family
life, (c) educational context, (d) social life, and (e) leisure.

* Personal intention(a) to inform/be informed, (b) to construe, (c) to
evaluate, (d) to understand, (e) to practice, etc.
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» Skills & Understanding - Dealing with and sense of (a) quantity and
numbers, (b) dimension and form, (c) patterns and relations, (d) data and
chance, (e) change, (f) models.

Context /i Personal intention
\ Numeracy
Media « » Skills &

g understanding

Figure 1. Four dimensions nfimeracy

So far the operative model has been productive. Concurrently with the use of the
working model for numeracy in empirical studies and in educational planning,
we have clarified and developed the division and exemplification of the four
dimensions (Lindenskov &/edege, 2001).

From the beginning of 2000, Lena Lindenskovs and my own educational
engagenent has been focussed on basic adult mathematics education. We were
asked by the Ministry of Education to develop an adult numeracy curriculum and
a new teacher education.

The aim of the education is that adults develop themeracy as described
above. The content is described as a dynamic interplay between a series of
activities, various types of data and media, as well as selected mathematical con-
cepts and operations. We found the inspiration to these activities (counting,
localising, measung, designing, playing, explaining) in Alan Bishop's cross-
cultural studies of mathematical components in everyday activity (Bishop, 1988).

Mathematics in workplace vs Mathematics in school
"Do you use mathematics in your work?" Although many adults use numbers and
formulas in their daily life, "No" is the most common answer to this question
(Harris, 1991; Wedege, 1999, 2000). Mathematics is interwoven in technology -
in technique, work organization and qualifications. However, modern computer
technique hides the use of mathematics in the software, and mathematics as a
visible tool disappears in many workplace routines. But that isn't the only reason
for the negative answer. The adults just don't connect the every day activity with
mathematics which most of them associate to the school subject or the discipline.
Differences between informal mathematics (street mathematics, folk
mathem#cs) and school mathematics (that people learn and practice in formal
education) have been investigated in a series of studies. A working hypothesis in
my investigations has been that there are systematic differences between mathe-
matics at the workplace (or numeracy) and in traditional mathematics instruction.
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This statement is developed and documented on the basis of my own and others
research (e.g. Harris, 1991; Hoyles, 19B8itzSimons, 2000Wedege 2000ab).
The well known activity 'solving tasks' serves as an example:

In traditional mathematics instruction, reality is a pretext to use mathematical
ideas and techniques. The task constitutes a central element and structures the
teaching. The task is primarily used to practice skills (use of algorithms and con-
cepts) and to test skills and understandings. Thus, the task is often solved by the
individual student and it might be conceived as cheating to hand in a joint
solution. The task is formulated by the teacher, the textbook or the program. The
task has one correct solution and many wrong solutions. (Accuracy in the school
and tolerance at the workplace are two different things.) Solving tasks has no
practical meaning: the results are not used for anything except, maybe, solving
more tasks. In the so-called '‘problems’ the task context is often practical
problems, but the aim is to find the correct result by using the correct algorithm
not to solve the practical problem.

At the workplace, reality requires the use of mathematical ideas and tech-
niques. The 'tasks' result from solving a working task where the numbers are to
be found or constructed with the relevant units of measurement (hours; kg; mm).
It is the working tasks and functions in a given technological context which
controls and structures the process, not the 'task’. Some of these tasks look like
school tasks (the procedure is given in the work instruction) but the experienced
worker has his/her own routines, methods of measurement and calculation.
Circumstances in the production might cause deviations from the instruction or
that the number of random samples in the quality control is raised or reduced. It
is characteristic that tasks are solved in different ways and that different
procedures and solutions might be OK. At the workplace solving tasks is a joint
matter: you have to collaborate, not compete. Solving tasks has always practical
consequences: a product, a working plan, distron of products, a price etc.
(Wedege, 2000a).

Personal dispositions

Blocks and resistance are two central phenomena when adults learn mathematics.
Although one cannot say that there is 'tgbi participant in further education, a
significant number of the participants have negative perceptions of themselves,
the institutions and mathematics. Many adults who start on vocational education
are surprised that the gn@amme includes teaching mathematics. One of their
reactions may be resistance in the learning situation which has to do with the fact
that they have experiead themselves as competent persons without mathema-
tics and that mathematics has not been perceived as relevant to their life project
(Wedege, 1995, Lindenskov, 1996). This belief stems from their experience in
various communities of practice (work, family, leisure), where basic arithmetical
skills have perhaps been sufficient to cope with the challenges, or where
mathematics has been hidden in techniques and technologies. Or, in other words,
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in communities with different practices - as contexts for knowing and learning
mathematics.

We know that some adults change their attitude to mathematics during a
training course while others fail to do so. For some people, this means something
for their image of themselves and their life project, for others not. | would claim
that these differences cannot be explained solely within a situation context that
consists of the teaching and the participants' current situation and their perspec-
tives for learning or not learning. In our analyses of the level of identity in the
adults' experience with mathematics we find personal dispositions which
generate actions and attitudes in interaction with personal understanding and
skills. With inspiration from a search model for subjectivity viewed in the
perspective of qualification (Andersen et al., 1996), we can describe participants’
experience on three analytical levels:

The level of skills Spedfic skills in arithmetic and mathe-
matics.

The level of understanding General mathematical knowledge, e.g.
undestanding and dealing with the theory-
practice relation, and conciepn of
mathematics.

The level of identity A mixture of incorporated skills and under-
starding (mathemtical thinking, tacit
knowledge) and self-concept, attitudes,
emotions and motes.

The basic level of experience can be summed up in adults' relationship to
mathematics, mathematics in the world surrounding us and ourselves; one could
say, subjective dispositions to mathematics which generate actions and attitudes
in interaction with personal understanding and skills. These \oigmrs have

lead me to'habitus; the sociological concept defined and employed by Pierre
Bourdieu as systems of durable, transposable dispositions as principles of the ge-
nerating and structuring of practices and representatieslége, 1999, 2000a).
People'shabitus is incguorated in the life they have lived up to the present.
Habitus (as a system of dispositions) contributes to the social world being
recreated or changed from time to time when there is disagreement between the
people's habitus and the social world. The dispositions which constithitis

are durable. This means that although they are tenacious, they are not permanent
(Bourdieu, 1980).

Jean Lave's theory of situated learning offers a theoretical framework to
describe and analyse adults learning mathematics through teaching and everyday
practice. But in her theory where communities of practice function as situation
context for learning, a concept is missing which makes it possible at once to
understand the subjective and objective conditions of the learners' dispositions
for learning, or in other words, the objectively determined subjective conditions
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for learning. Lave is "taking learning to be a matter of changing participation in
ongoing, changing social practice." (Lave, 1997). Her theory fits perfectly with
the idea of lifelong learning, but within her theoretical framework the situation
context is limited and it isn't possible to take account for the adult's mathematics
life history in the analysis.

Social relationship with mathematics

In the introduction, | stated that the overall purpose of mathematics education
research might be described as investigating and forming people's relationship
with mathematics. The inspiration to this formulation is found in Roland
Fischer's article concerning Mathematics as a mean and a system (1993). | claim
that the core issue in mathematics education research is people's learning - or not
learning - mathematics. And that the learning process has three analytical
dimensions: a cognitive, an affective and a social dimension. In the research
field, we are interested in "people’'s cognitive, affective and social relationship
with mathematics."

But what is people's social relationship with mathematid? following
statement by aformer graphic designer illustrates at one and the same time afeeling
of impotence in the face of technologica progress, and a belief of mathematics as
power: "Mathematics is not democratic. Mathematics is evil. It has caused
unemployment in my trade." The development of technology and the pace at which
it takes place are experienced as being unavoidable, as something we are helplesdy
confronting. In this situation context, mathematics may become personified and
perceived as power (Wedege, 1995). Another example of what | would call
"people's social relationship with mathematics" may be found in an interview
survey with 45 participants in Adult Vocational Training conducted by Lena
Lindenskov. Here many of the interviewees have a perception of mathematics as
"We" - the semi-skilled workers not using mathematics versus "the others" - the
engineers, the foremen etc. using mathematics. (Lindenskov, 1996)

While people's social relationship with mathematics has not been on
Bourdieu's agenda in any of his empirical work, there are several reasons why it
seems fruitful to attempt to combine habitus as an analytical concept with the
theory of situated learning when working with adults and mathematics (Wedege,
1999, 2000a). The dialectic between cognitive, social and affective dimensions in
the learning process makes inthksciplinarity a must in research and practice of
adults knowing and learning mathematics.
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Assessment of Younger Children’s
Mathematical Knowledge

LenaAlm, LisaBjorklund
Stockholm Institute of Education

Abstract
In this paper we account for the ways in which teachers assess and
describe pupils’ work. We also consider what concepts pupils display of
numbers in fraction and decimal form. In our work with The National
Test for school year 5 we continuously collect data from pupils and
teachers in all of Sweden and we use these for our analyses.

Background

We work in the PRIM-group, a research group at the Stockholm Institute of
Education, which has been commissioned by the National Agency for Education
to produce national tests in mathematics.

A new Swedish national curriculum for compulsory basic school and for the
upper secondary school went into effect in 1994. In addition, there is a nationally
defined syllabus for each subject. The compulsory basic school syllabi indicate
the purposes, contents and goals for teaching in each subject. The goals are of
two kinds: goals to aim for and goals to be attained.

At the end of school year 5, national tests are held in Swedish, English and
Mathematics. These tests are not compulsory. The main purpose of the tests is to
help the teachers in assessing whether the pupils have reached the demands of the
curriculum and syllabi. The tests also have a diagnostic purpose. The teachers are
supposed to assess the test holistically and use no points. It is important to ana-
lyse how the pupils solve the problems and examine the quality of their work to
find their strengths and weaknesses in mathematics. The teachers are then
supposed to consider both the assessment of the pupils’ work in the subject test
as well as the overall assessment of the pupils’ mathematical knowledge. To
describe each pupil’'s mathematical knowledge the teachers can use the Compe-
tency Profile. Our hope is that teachers, with the help of the profile, can gain a
more balanced picture of the pupils’ knowledge in mathematics.

Teachers’ assessment

In this section of the paper we describe how teachers perform assessment in

mathematics and what conceptions they have about assessment in mathematics.
Our questions are:

In what way and with what quality do teachers assess and describe pupils’ work?
What conceptions do teachers have about assessment in mathematics?
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We have analysed 200 competency profiles and the teachers’ assessment of some
tasks in 200 pupils’ works. These data has been examined both qualitatively and
guantitatively. We have analysed the teachers’ answers to a questionnaire as
well. These inquiries then form a picture of the conceptions of teachers’ assess-
ment of younger pupils’ knowledge in mathematics.

Competency profile

The competency profile is divided into 8 competency areas corresponding to the
goals, which the pupils are to have attained by the end of the fifth school year.
The teachers are supposed to show their assessment by placing crosses on lines.
There is one line for each competency area. They can also verbalise the
assessment by writing in spaces beside the lines.

* In 66 % of the profiles the teachers do not use or use to a very little
extent the spaces beside the lines to comment their assessment of the
pupils’ knowledge in words.

* In 88 % of the profiles the teachers show their assessment by putting
crosses on 6 or more lines.

The profiles in which the teachers have used the spaces to comment are analysed.

* In 31 % of the profiles, the teachers have only written about the
pupil's weaknesses, for example, what knowledge the pupil does not
have.

* In 17 % the teachers have only written about the pupil’s strengths.

According to the teachers, most of the pupils attain all goals. When we compare
this with the two statements above, we find that teachers, when writing com-
ments, tend to focus on negative opinions.

The test contains only some of the goals to be attained. The teachers can use
their own diagnosis or tests from earlier years to assess the areas missing in the
test. Our research group analyse pupils’ work and also assess the pupils’ know-
ledge in competency areas.

* The teachers’ assessments of the goals that are tested correspond with our
assessment of the same goals.

» The teachers overestimate the pupils’ competencies in the mathematical
areas, which are missing in the test.

Teachers’ assessments of pupils’ work

The test provides assessment instructions for the teachers. These instructions
focus on each goal to be attained and those areas of the competency profile to
which the sub-tests correspond. The instructions include examples of acceptable
answers, assessment comments and authentic pupil solutions. The teachers’
assessments of one sub-test are analysed. This part contains different kinds of
tasks.
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* In 67 % of the pupils’ work, the teachenavefollowed the assess-
ment instructions for all tasks.

* In 23 % the teachetsavefollowed the assessment instructions for all
but one task.

* In 11 % the teachefsave noffollowed the assessment instructions for
two or more tasks.

When it comes to mistakes made by the teachers, we find that the teachers are
not accurate enough and that they fail to see that a solution can be considered
correct even if the answer is incorrect. Furthermore, some teachers make an
assessment that is difficult to understand.

Teachers’ answers to the questionnaire
The test includes a questionnaire to which more than 2000 teachers sent in their
answers. We have analysed all teachers’ answers to some of the questions.

* Most teachers have an overall positive opinion about the test. They
like the tasks, the structure of the test and the competency profile.
Some teachers dislike that the test, especially the group tasks, takes a
lot of time to carry out and to assess.

* Most teachers think that they get enough help from the assessment
instructions.

* When using the test many teachers change their opinion about a few
pupils’ performances. (Alm & Bjorklund, 2000)

Conclusions

We find that most teachers have an acceptable competence in correcting pupils’

work and assessing pupils’ knowledge in competency avbaathey get help

from an assessment tool such as a National Test. Most teachers do not, however,

verbalise their assessment. When they do, they tend to focus on weaknesses.
There are some teachers who make mistakes in the assessment that can

become a disadvantage for some pupils. One group is pupils who have serious

misconceptions without the teacher noticing. Another group is pupils who make

errors that are not serious but to which the teacher attaches too great an impor-

tance.

Analysis of pupils’ work
In this section we describe what we can learn by the analysis of pupils’ work
with the Subject Test in Mathematics for year 5.

An important element in qualitatively assessing pupils’ knowledge is to
analyse, through various tasks and situations, how the pupils work with and
master an area of mathematics. We examine whether the pupils have tried to find
a solution to the task, how they have understood the task, which concepts they
have displayed and in which way the pupils have dealt with the task. The pupils
can work on tasks in many different ways. We have seen that those who arrive at
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correct results may have used different strategies, such as ones that are dependent
on the context, or that are more general. The pupils who arrive at incorrect results
may display errors, which are marmporary that is, they are not to be found
systematically but are of a more random character. There are also errors, which
aresystematicthat is, they occur consistently. This often indicates deficiencies

in grasping concepts. The reasons for giving an incorrect result are many. The
pupils can also have misunderstood the task, have understood the task but have
used a wrong method or have understood the task and have used an adequate
method but have made a miscalculatiBetfersson, 1990).

Concepts and misconceptions

There are different components to be assessed in mathematics. We look at
knowledge of facts, knowledge of skills, knowledge of concepts, “higher order
skills” and the pupils’ conceptions about mathematics and of their own learning.
One of our questions is:

What concepts of numbers in fraction and decimal form do pupils display and
how do they explain their thoughts?

We have found that some pupils have difficulties with numbers in fraction and
decimal form and can'’t reach the goal which the pupils are to have attained by
the end of the fifth school year: “Pupils should have a basic understanding of
numbers, covering natural numbers and simple numbers in fraction and decimal
form.” (Skolverket, 2000)

Numbers in fraction form, “part/whole”

In the test of year 200Bkolverket, 2000) there are two tasks about fractions.
The first is: “Amir is in school for a quarter of a day and Linda for a third of a
day. Who has the longest school day? Write down how you worked out your
answer.” Seventy-five percent of the children solve this task correctly. The most
common way they use to show their understanding is by pictures (38 %), then by
calculations (29 %) and also by explanations with words (6 %). The most
common misconception, by 8 % of the pupils, is that 1/4 is greater than 1/3
because “ 4 is greater than 3” or “4 is more than 3". The pupils look at the
denominator as a whole numbe&lrg & Bjérklund, 2000)

The other task is: “On a plate in the classroom there are apples, bananas and
oranges. Half of the fruits consist of apples, a quarter of the fruits consists of
bananas and the rest of the fruits consists of oranges. Make a decision of how
many apples, bananas and oranges there might be on the plate. Feel free to draw
a picture. Feel free to write more suggestions”.

An acceptable solution is given by 58 % of the pupils. Perhaps it depends on
that the task is open-ended, and that the pupils have to “mathematise” and use
several thoughts. The pupils try, however, to solve it to a higher extent than the
other task.

The analyses show that for almost all pupils the concept “half of” is known.
The most common error made by 15 % of the pupils, is that the pupils draw a

79



Papers

picture divided into three parts, one half and two quarters. They understand what
a half and a quarter is, as “part of a whole”, but they do not understand what “a
part of an amount” is. A common misconception is that they think that a quarter
is the same as the number of four. They draw four bananas (5 %). Perhaps the
pupils sometimes may understand what a quarter is, when they suggest the bana-
nas to be a quarter of the numbers of apples, not of all fruits.

Numbers in decimal form

Sometimes one diagnostic task can reveal a lot about the pupil’s understanding,
especially if the task is followed by a question where the pupil is asked to explain
why he/she answers in the way he/she does. There are some tasks of that kind in
the tests. In one task pupils are asked to write results from a 60 m dash in class 5
in the right order and begin with the time for the pupil who won. Only 40 % of
the pupils give an acceptable answer.

The most common misconception about decimals is that the pupils think, for
example, that 10.12 is greater than 10.2 because “12 is more than 2". They
(58 %) look at the numbers after the point as whole numbers. It probably depends
on that they have experience with money and length before teaching about
numbers in decimal form and have made the interpretation that the decimals in
2.50 SEK and in 1.35 m, are whole numbers but followed by another unit than
SEK and metres (Brekke, 1995).

Connections between pupils’ understanding of numbers in fraction and
decimal form and division
Our next question is:

What connections can be found between pupils’ understanding of nhumbers in
fraction and decimal form and division?

An investigation of the results to the test for year 2000, shows that only 4.5 % of
the 200 children have an acceptable answer to the task with numbers in decimal
form but no acceptable answer to the tasks with numbers in fraction form. It is,
accordingly, very unusual that someone has an understanding of numbers in
decimal form but not of numbers in fraction form. Pupils more often solve both
of the tasks of fractions than only one and those who manage to solve the task
with numbers in decimal form, also manage to solve one or two tasks with
numbers in fraction form (89 %). In addition, 25 % of the pupils neither manage
to solve numbers in decimal form nor numbers in fraction form.

An investigation has also been done in four classes at the same school. The
pupils worked with the tasks that we have discussed and also with four tasks of
division from earlier National tests. Our findings are:

The pupils manage best with division (76 %), then with numbers in fraction
form (72 %) and do least well with numbers in decimal form (31 %). This corre-
sponds with the thoughts of researchers, such as Sfard, who discusses concepts to
be understood as an operation and as a structure. She maintains that pupils have
operational understanding before structural understanding (Sfard, 1991).
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Conclusions

Our investigations show that pupils must have a good understanding of the
concept “part/whole” to manage very well with numbers in decimal form.
Teachers may consider this when planning the teaching. It is important to have
good concepts of numbers in decimal form because of their use in everyday life.
An idea is to work with numbers in fraction and decimal form at the same time
after an initial period of basic learning of the concept “part of”, starting from the
understanding that the pupils already hawegstrém, 1997). In our analyses we
can see the growth of mathematical understanding of a concept. The pupils are
on their way from a more primitive to a deeper understanding.

In the teachers’ guide to the National Test, we give examples of pupils’
understanding. We hope that when teachers discover what kind of strategies,
concepts and misconceptions pupils have, they change their teaching to be of a
more diagnostic nature. The teachers must create cognitive conflicts, that is,
teaching in a way that misconceptions and unclear concepts are to be revealed.
Cognitive conflicts must be solved by discussions and reflections and the con-
cepts must be put in new situatiomsdkke, 1995). We want to see assesst
and teaching deeply connected and we hope that the National Test will contribute
to better teaching and learning with focus on concepts, number sense and struc-
tural understanding.
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Adopting a Different Point of View
on Problem Solving

AndrasAmbrus
Budapest

Abstract

The wide gap between researchers and practitioners in mathematics
education is a big problem in Hungary as in many other countries. In a
developing democracy it is interesting to investigate how to reach the
mathematics teachers, how to convince them about the necessity of the
change of their point of view on teaching problem solving. Some expe-
riences will be presented taken from our pre-service and in-service
teacher training courses: the one-sided preference of the use of symbolic
representations leads to shortcomings in students.

Introductory remarks

Mogens Niss emphasized in his plenary lecture at the ICME-9 congress in 2000,
the widening gap between theory and practice, between researchers and teachers
in mathematics education:

The course for concern lies in the fact that it is widening. There are very
good explanations for this fact, but for the health and welfare of our
field, we have to do our utmost to find ways to reduce the gap as much
as possible. (Niss, 2000)

But how to solve this problem, how to reach the mathematics teachers in the
schools, is still an open question, and surely without an easy answer. We try to
analyse the problem in the Hungarian context.

Think globally, act locally

The role of teachers in mathematics education — The international perspective
Jeremy Kilpatrick emphasizes the importance of the teachers’ role:

...we have often overlooked the symmetry of roles between teacher and
student. We tend to think of the teacher as causing learning and the
student being the one whose role it is to produce and manage mathe-
matical knowledge. The teacher, however, is also doing mathematics and
has an equally important role in the production and management of that
knowledge. We need to begin examining more closely the teacher’s role
in doing mathematics in the classrodiilpatrick, 1999, p. 57)

John Mason states:
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My guiding principle is that | cannot change others. But what | can do is
worth at changing myself, and in that way, | have found that others may
begin to work at changing themselves. For example, trying to “tell”
teachers what they “should do” on the basis of research never works
unless the teachers understand and appreciate the basis of the alternative
practice and unless it fits with their own experience and appears to them
as an attractive alternative. (Mason, 1998)

Another important opinion, in our view, belongs3blomoVinner:

... for many people doing mathematics is activated by the ritual schema.
In other words, consciously or unconsciously, many people behave in
mathematical contexts (mathematics classes, homework assignments and
examinations) as if they take part in a ritual the elements of which they do
not understand. /.../ ...there are two essential conflicting elements in the
human psychology which are active in the domain of teaching and
learning mathematics: the need foreaningand theritual schema
(Vinner, 2000)

The local context — some characteristics of Hungarian mathematics education
Jeremy Kilpatrick states the following:

The mathematics content may look much the same around the globe, but
how that content is taught and what role it plays in the society’s educa-
tional agenda, are set locally. (Kilpatrick, 1999, p. 61)

Problems that researchers may have some trouble communicating about
within a country become magnified when they are communicating across
national borders. (Kilpatrick, 1999, p. 62)

Before | am going to speak about Hungarian experiences, it is necessary to
introduce some main characteristics of our mathematics education. For a long
time Hungary was a strongly centralised, authorised society. The teachers were
used to fulfil the prescriptions and norms (one curriculum for all, one textbook
series, etc.). Since 1990 we try to build a democracy, and the teachers have great
autonomy (local curriculum, several textbook series, there are no school inspec-
tors, it is not compulsory to participate in in-service teacher training courses).
Prescriptions and norms versus great freedom — these are the opposites experien-
ced by most Hungarian teachers. But we now have a new problem, i.e. how to
reach, in this freedom, the teachers.

At an in-service teacher training course | asked the participants, i.e. 60
mathematics teachers, to fill in a questionnaire about the problems of teaching
indirect proofs. Only one teacher sent it back, answering the questions.

I made interviews with teachers on the same topic. One teacher said:

We have very little time for such things, because we must prepare our
students for the different exams and competitions. Our work will be eva-
luated by the school direction according to the achievements of our

83



Papers

students on these exams and competitions. Every student needs to solve
tasks, problems taken from certain task collections, as much as possible.
The indirect proofs hardly have any importance. Maybe it is a good
research topic for a mathematideactician, who needs to write a disser-
tation, to get a PhD degree.

To understand the text above, | shall describe the Hungarian final exam-system
for mathematics at the end of secondary school. The Ministry of Education
chooses the exam problems from a book containing about 4000 tasks, problems
covering the teaching material in secondary school. This book is at the hand of
the secondary school students from grade 9. The teachers are training their
students to solve the problems taken from this book.

Two examples illustrate the Hungarian situation:

Analysing the reasons for the rejection of the use of concrete, visual
representations in Hungarian mathematics education, a PhD student of mine — an
experienced mathematics teacher — expressed the general opinion like this: the
officials responsible for mathematics education should call the attention of the
teachers for the importance of the use of concrete representations.

At an in-service teacher training course meeting, we discussed the role and
use of open problems and problem fields in mathematics education. A participant
teacher asked me: Please, publish a task collection containing such problems for
each topic.

Although | have emphasised many times that the teachers should construct
open problems and problem fields from the closed problems taken from the task
collections, my participants remained at &G model

T—Tell me, how...
S— Show me, how...
G — Give me concrete examples for each topic!

“There is only one way to communicate mathematics” —

The dominant role of the use of symbolic representations

In the remaining part of my paper, | will restrict myself to one problem, i.e. the
dominant role of the use of symbolic representatiomsathematics education in
Hungary. Csikos (2000) investigated the opinions of approximately 4500
students (grades 5, 7, 9, and 11) and their teachers about arguments and proofs
given on a questionnaire (the examples were taken according tdateé
Sowder system). Without going into the details, from our point of view it is
interesting that the senseless symbol manipulations were overestimated by the
students and their teachers. On the other hand, the underestimation of empirical
proofs (investigating concrete examples) was typical. In Hungarian mathematics
education there is a tendency to use symbolic representations as early as possible
and as much as possible. As an example, introducing the balance method for
solving equations very often happens in grade 5. The strong belief in the sym-
bolic representations among mathematics teachers is typical in Hungary. At the
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upper secondary level the principle “There is only one way to communicate
mathematics” is characteristic.

In the pre-service and in-service teacher training courses, | often give the
following problem:

Solve the following equation in the set of real numbers: |x—1+|x+2|=7

Most of the Hungarian mathematics teachers and university mathematics student
teachers prefer the symbolic solution, the so called “interval method”, using the
formal definition of the absolute value.

If x<-2 then [x-1=-x+1 and [x+2/=-x-2
If —2<x<1 then ...
If x=1 then ...

Only very rarely we meet graphical solutions. Drawing the graphs of the
functions y=|x-1 and y=7-[x+2 in a common Cartesian coordinate

system, and projecting the intersection points orxties, we get the solutions.

The first definition for the absolute value of a number is in grade 5 the
following: The absolute value of a number is the distance on the number line of
the number from the zero. Nobody uses it for solving the equation above. Using
this definition, x—:q means the distance of the numkdrom 1 on the number
line, and\x+2\ means the distance of the numkdérom — 2 on the number line.
Our task is to find the numberso that the sums of the two distances above will
be 7. It is not difficult to find those points on the number line. The number line is
well known for the pupils, and the work with it easy because of concrete actions
on it.

An example wher e the exclusive use of symbolic representations leads to an
incomplete solution
Consider the following problem.

How many solutions does the system of equations have depending on the

Ex2-y2=0
value of the parameter a? [ y
Hx-a)?+y?=1

Algebraic solution

Expressingy? = x* from the first equation and substituting into the second equa-
tion, we get(x—a)? +x2 =1 and then2x?-2ax+a*-1=0 . Depending on the
value of thediscriminant of this equation, it may have 0, 1, or 2 solutions. Here
the discriminant iD =2-a?, leading to the following cases:

If D<0 , i.e. a®>2 (a>+2 ora<-+v2 ), then the equation has no
solution.
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If D=0, i.e. a?=2 (a=+2 ora=-v2 ), then the equation has one
solution forx. Substituting this into the first equation we get two solutions for
Yy, giving two solutions for the system of equations.

If D>0,ie.a?<2 (—/2 <a<-+2), then the equation has two solutions
for x, giving four solutions for the system of equations. But there is a special
case: if the numerator in the formula for solving quadratic equations takes the
value zero, i.e. one of the solutions fois zero, and the corresponding value
for yis also zero. In this case our system has three solutions:

ai\s‘;Z—a2 =00 2a’=20 a=+1.

Geometrical solution

Let us consider the equations as equations of curves in a Cartesian coordinate
system. The first equation then represents a pair of straight lines, i.e.
y=x andy=-x, and the second equation a unit circle with cent(@,ad).

NN ANV

Moving the circle horizontally we may see the possible cases. Far away form the
origin, the circle does not touch the lines and there are no solutions. There are
two cases when the circle touches the lines, giving two solutions. When the circle
is intersecting the lines but not passing the origin, there are four solutions, when
also passing the origin three solutions. The valuea oérresponding to the
different cases we can determine with simple geometrical considerations, using
the fact that the lineyg =+x make an angle o45°with thex-axis.
Important here is that the pupils may “see” the whole solution process.

Experiences with the problem

At my university courses | usually give this problem to my mathematics student
teachers (years 3 and 4). Until now every student solved the problem
algebraically. From our point of view, what is interesting is that nobody has
found the case with three solutions. Titaal schemain the sense dfinner is:

If you have a quadratic equation, @t 0 there is no solution, dD =0 there is

one solution, and ab >0 there are two solutions. In our problem, because of
y? =x?, the system of equations has 0, 2, or 4 solutions. Thexase (y = 0)

is out of this ritual schema and needs special investigations of the numerator. The
schema must be expanded in this case.
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A secondary school mathematics teacher, who attended one of my in-service
teacher training courses, said to me that “I have a very good mathematics group
in grade 11. They are perfect in solving algebraic problems. | am very curious
how my students will solve this problem.” No surprise, her students tried to solve
the system of equations algebraically, and nobody noticed the case with 3
solutions. The teacher was surprised of this result, but she and her students were
ready to accept the necessity of the use of visual representations also for
algebraic problems. A similar positive effect | could observe at other in-service
courses.

But we are far from the full success. Although my university students agree
on the importance of the use of visual representations, most of them do not use
them in their work. | have met a mathematics student teacher who expressed her
opinion clearly: “I hate graphical solutions!”

In the Hungarian mathematical periodical for secondary school students
(KOMAL), the following problem was posed as a competition problem.

For what value of the parameter p does the equaxim:l:\f px have exactly
one solution?

The competition is meant for the talented pupils in secondary school mathe-
matics. Out of the 481 solutions that came to the editors of the periodical, only 57
were correct (algebraic solutions). In the journal the correct solution presented
was an algebraic solution. Only in small letters the following remark was
enclosed: “The solution of the problem will be clear, and we may avoid the
pitfalls, if we apply the unworthily neglected graphical method” (the graphs were
enclosed).

A direct consequence is that teachers train their students for the algebraic
methods, because these are the officially accepted ones. But they may often fail!

Concluding remarks

To overcome the exclusive use of the symbolic representations of an algebraic
ritual scheme, it is necessary to confront the teachers with the shortcomings of
their students. Parallel to it, it is desirable to show geometrical solutions, with the
aim that the students will also use this method when appropriate.

If we modify our problem above so that we are interested also in finding the
roots, both visual and algebraic methods are desirable. To determine the four
roots is easier using algebraic considerations. Eisenberg (1994) states that
“...whenever and wherever possible, both visual and analytical modes of
representations must be used in the mathematical classroom.”

For those who know the school reality it is clear how difficult a task it is to
educate the students for a flexible use of these two methods.
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Development of Social Skills during the Lessons of
Mathematics in Compulsory School

Rudite Andersone
University of Latvia

Abstract
This paper will describe the content of the social skills of the students, a
model of development of social skills and criteria that are used in the
lessons of mathematics in compulsory school.

Latvia as a candidate state for European Union pays special attention to edu-
cation to prepare its citizens to live in the European Union. It means they have to
be ready to work in a team, to communicate with different people, to work with
different technologies, to know foreign languages. They have to be able psycho-
logically and practically to compete in the labour market — as well as to enrich
their knowledge and to develop their skills during their entire lives.

For this reason, in the National standards of compulsory Education (1998)
the formation of social skills is pointed out as one of the main factors in the
whole study process. It concerns mathematics as well.

In Latvia the knowledge of the subjects were of great importance during the
Soviet times, when the teaching was dominating in the whole study process.
Now, when we have started the way to pupil’s orientated approach, the formation
and the development of social skills have become of great importance. The
teachers and students gradually are moving to a learning society.

Social skills and abilities are necessary for everybody in the process of social
interaction. Social skills are acquired just in the communication process — pupil
with a pupil, pupil with the adults and environment, where the pupil lives.

Usually it is possible to point out communicative and organisational skills. It
is said in the White Paper (1996) of the Commission of European Union that
social skills include the skills of mutual communication, as well as corresponding
skills allowing to take up responsibility, skills to work and co-operate in the
team, creative attitude towards the work and striving for quality.

The acquisition of social skills is of great importance at the age of teenager,
when the assessment of his/her activities by the surrounding people and fellows
is so significant in the building process of the self-assessment and personality.

The research was carried out during four years. The gained results allowed us
to define the content, the model of the acquisition and the criteria of the social
skills of the teenagers. The model is depicted in the table 1 (see Appendix).
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In this table in the file content the certain parts of skills and features are pointed
out, that form the content of social skills. The author has tried to choose the most
essential skills that are necessary to acquire at this age.

The study forms that are used in the process of the acquisition of the content
of the concrete social skills are marked in the second file organisational forms of
the studies.

It is seen, that it is difficult, to point out one study form, that could form only
one certain skill.

Skilful use of any organisational study form during the mathematics lessons
permits to develop a chain of social skills. Skills do not exist separately,
acquiring one skill, the other skill is being promoted or developed.

The active study process favours the acquisition of social skills, because the
organised studies form different models of co-operation and possibilities of
communication. In this aspect the choice of interactive study forms during the
lessons are of great importance.

The social skills of the teenager are developing also according to his/her
study aims, values, needs. They are in mutual interaction with the use of
interactive study forms and methods. All the factors mentioned above influence
the acquisition of the social skills.

It is stressed by the Norwegian colleague Sven Eric Fjed that the pupils in
good schools have stable contacts with class and school mates, that commu-
nication serves as a precondition of a good school as organisation.

Per Dalin and Hans Ginter Rolf stress that the existence of new and active,
more responsible pupils in school is of great importance if we wish to use the
maximum resources that are available in education.

The activity of the pupil must be discussed as a pedagogical phenomenon.
The scientist M. Skatkin points out that the development of the child’s
personality takes place in the study process. The child is involved in many-sided
relations with fellow teenagers, group or school mates, adults and the environ-
ment. These relations are closely connected with ethical feeling, that influences
the formation of motives, feelings, habits. They, in return, determine the content
and dimension of social skills.

The content of social skills include the following skills:

- to listen to another person,

- to observe certain regulations,

- to work in team,

- to organise personal time,

- to assess oneself and others,

- mutual respect,

- common understanding and tolerance.

Different authors have focussed differently on certain social skills. For
example:
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R.Bergen and R.V.Henderson — social skills link with the biological stage of
the children.

P. Kutnick — as cognitive styles, self-concepts.

K.J. Tillman — as models of relations of subject and society.

Gofman and Blumer — as common interaction of individualisation and
socialisation.

L. Kolberg — as child’s moral and ethical development.

D. Liegeniece — as mutual communication.

During the research in Latvia the pupils considered that the skills to co-operate
and mutual understanding were very essential in the everyday life. Therefore
they stressed that greater attention should be paid to obtaining these skills in the
study process. The author gave students the possibility to choose the study forms
and different activities during the lessons. They took part in the planning of the
lesson and in the analysis of the achieved results.

The research results, different views of theoreticians (Kutnicky, Davidov,
Liegeniece, Nelsen, Bozovicha, Bukov, Shpona, Maslo, Kolb, Rodger,
Vygotsky, Piaget, Skinner etc.) and the results of the international comparative
research (TIMSS, 1999) about the motivation of the learning and the importance
of formation of social skills, promoted the author to work out the model of
obtaining social skills during the lessons of mathematics (figure 1).

goclalizatio,,

lmewleclge Eitimde

forms of activities

Socializatio?

Figure 1. The model of obtaining social skills during the study process.
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Aims, needs, values and ways of co-operation determine the quality of the
obtaining of social skills. It is necessary to underline that the model will be a
success only, if there will be mutual understanding and co-operation of pupils
and teachers, pupils and pupils.

Criteria of evaluation of obtaining social skills are characterised in table 2.
Each of the criteria can be valued in the three levels: high, medium and low.

Criteria
Obtaining
social Aims consciously forwarded | +1
skills adopted 0
pressed -1
Needs consciously forwarded | +1
adopted 0
pressed -1
Values Self value (“T”) positive +1
neutral 0
negative -1
Society (others around me) positive +1
neutral 0
negative -1
Knowledge positive +1
neutral 0
negative -1
State positive +1
neutral 0
negative -1
Nature positive +1
neutral 0
negative -1
Co-operation Skills to work individually yes +1
skills partly 0
no -1
Skills to work in a small group | yes +1
partly 0
no -1
Skills to work in a big group yes +1
partly 0
no -1

Table 2. Criteria for evaluation of the obtaining of social skills.

Questioning the teenagers (81 pupils, form7) the author got the evaluation of the
acquisition of social skills (figure 2).
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Development of the social skills ¢
students in estimation of the
students

0,8

0,6
0,4

0,2

Figure 2. 1-aims; 2-needs; 3-values: self value; 4-values: society; 5-values:
knowledge; 6-values: state; 7-values: nature; 8-co-operation skills:
skills to work individually; 9-co-operation skills: skills to work in a
small group; 10-co-operation skills: skills to work in a big group

The level of the obtaining of social skills according to self-assessment results is
rather high. The aims are conscious not only accepted, the needs are under-
standable, the level of the acquisition of the co-operative skills is different:

- the acquired skills in the bigger dimension refer to work individually or in
the small group,
- the skill to work in the big group is more partial.

Knowledge is recognised as positive values, especially attitude to the state —
more neutral than positive. Questioning the teachers (46 respondents) the author
got the evaluation of social skills that differs only a bit from the pupils self-
assessment results (figure 3, axes as in figure 2).

Development of the social skills of students
in the estamation of the teachers

—

0.8
0.6
0.4
0.2

0=

1 2 3 4 5 6 7 8 9 10

Figure 3
According to the results of the evaluation of pupils’ skills by teachers, the level

of the acquisition of the skills is sufficiently higher. According to teachers’
answers the aims and needs are more accepted than put forward personally.
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The attitude towards the values is different:

- towards state and society — more neutral than positive,
- towards nature, knowledge, self- value more positive than neutral.

According to co-operative skills:

- pupils have skills to work individually and in small groups,
pupils have partially skills to work in a big group.

As a result of the research, it is possible to draw the following conclusions:

The teachers have to give pupils the possibilities to be active during the study
process to help the pupils to reach their aims, needs, to develop values and social
skills, it means, that the pupil must become the active user of the offered
possibilities.

Skills to work in a big group are possible to form in longer period, therefore
the low level of the acquisition of these skills require more active work with the
pupils and more time as well.

Sometimes teachers do not understand pupils fully, they do not understand
their aims, needs and values. It means, that mutual understanding is partial and
imperfect (incomplete) and this is one obstacle in the way to obtaining social
skills.
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Mathematics and Language:
Divergence or Convergence?

Bill Barton
The University of Auckland

Abstract

This paper presentsvo opposingconceptionsof mathematicsand its

developmentThefirst is the taken-for-grantedidea that mathematics
has a universal quality underpinning a variety of expressionsand

applications. The secondis that mathematicdheganin diversity, and

retains the potential to be diverse,although strong forces make its

developmentonvergent.Evidencefor the secondconceptioncan be

found in the history of the subject, within mathematicsitself, within

linguistics, and within the emergingfield of ethnomathematicsSome
examples of the resulting limitatiorse given. Theseconceptionsare

linked to wider philosophical issuesand are applied to the field of

mathematics education.

I ntroduction
In New Zealand in the 1980s there wasaewedcall for all subjectsjncluding
mathematicsto be taught in the indigenous Maori language.l was lucky
enough to be involved over a 12-ygmriod asa Maori mathematicatliscourse
was consciouslydeveloped.Eventually Maori vocabulary and grammarwas
developed so that mathematics could be taught in this language up to thie end
secondary school. This vocabulary developmentis written up elsewhere
(Barton, Fairhall &Trinick, 1995a,1995b,1998) asa successfuproject,and yet
severalof us who were closelyinvolved were left feeling uncomfortablelt felt
as though we had created a Trojan Horse which alldgveglish conceptionsto
infiltrate the Maori language — but we could not see how this had happened.
Eventuallywe cameacrossour first pieceof evidencefor the Trojan Horse
hypothesislinguistic analysisshowsthat pre-EuropearMaori treatednumbers
asverbs— not as adjectivesas we do in English, nor as nounsaswe do in
mathematicgBarton,1999a).l now know that most Polynesianlanguagesare
like this, and so alsoare someNorth American First Nation languages(Denny,
1986), and someAfrican languagesgWatson,1990). The Maori languagehas
becomelike Englishover time: with new vocabulary,with changesto syntax,
and there have been changes in concepts and the ethos of the lafgutigs.
aspectsof changein Maori mathematicalanguagehave been uncoveredby
Trinick (1999).
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The diverse expression belief

What happened in Maori mathematical discourse is a reflection of whaekas
happeningthroughoutthe history of mathematicsAs mathematicdhas become
an academic discipline, one way of talking mathematically has develtpisds
the result of the Diverse Expression/Convergenfissumptionbelief: the idea
that, although we may describe quantity, space or relationshipsdifferently,
although we may use them in different ways, write thesing different symbols,
what we are ultimately talking about is one and the samething. In the end,
mathematicds universal. The implication is that it makesno differencewhich
language we use to express mathematics.

Many people may resistthe use of the word “converging”. They might
point out that, far from converging, mathematicsis growing: more is being
written, new areasof mathematicare emerging,more and more aspectsof our
world are being explainedin mathematicalterms. However this is a tree-like
growth. Theroots convergeinto one trunk that sproutsmore branchesof the
same wood. Mathematical ideas sprout more ideas of the samé&gtablishing
the wider generality of existing mathematicaideasdoesnot imply that these
ideasarethe only oneswhich canbe usedto explainour world, nor even that
they are the best ideas. Indeed their very applicability and utilityredycethe
impetus to consider other possible ideas.

The Diverse Expression/ConvergenfAssumption belief is not Platonism,
although Platonismis a form of this belief. In Platonismthe convergencehas
already occurred— it has occurredin some*“ideal” world. But the Diverse
Expression/Convergermissumptionbelief is alsoa componentof most modern
philosophies of mathematics: neo-Platonism,empiricism, quasi-empiricism—
Maddy (1990), Lakatos (1976), Tymoczko (1988l). theseinvolve the conver-
gence of mathematics. The recent cognitith&tories(Dehaene1997; Lakoff &
Nufiez, 1997) are even more strongbnvergentwith ideasof our brainsbeing
“hard-wired” for number.

Am | challengingall mathematicabhilosophers?Thereis a differencebet-
ween whatis happeningin mathematicsand mathematicstself. Mathematicsis
converging, thigs happening.The changesin Maori languagedemonstrateéhe
power of social forcesto universaliseand stampout diversity. The history of
mathematicsnvolves merging a wide diversity of ideas, illustrated clearly in
Joseph’swriting. Not only are mathematicalideas subsumedinto one grand
mathematicg(Joseph,1992), but the fundamentally different ways of doing
mathematicare conventionallyseento be the samein essencgJoseph,1994).
Becausemathematicss, historically, convergentdoesnot meanthat it mustbe
this way, that mathematiés universal.Canwe conceiveof mathematicatleve-
lopment otherwise?What happensif we reject the belief that mathematics
should converge?

The diverse assumption
The identification of a deep-seatediifferencein the expressionof quantity in
pre-European Maori, and in other languages, has made me loolcanefelly at
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the way different languages,especially indigenous ones, express ideas of

guantity, spaceand relationshipgBarton, 1999b).As this questturns up more
and more conceptionswhich are familiar, and as| readaboutthe new, exciting

discoveriesof other ethnomathematicians,have cometo feel that, for mathe-
matics,the appropriatestanceis a Diverse Assumption/ConvergenExpression
belief. This is the belief that mathematic$ras a diversity of origins, and retains
multiple potentialities, but that communicative, socialising, politca historical
forces make both its development atsdexpressionconvergent.Let uslook at

some of the evidence.

The ethnomathematicaévidenceincludes: different structuresand logics
amongstkinship relationsof different people(Cooke, 1990); alternativespatial
systems of weaving and indigenous design, sonvehafh areincommensurable
with conventional mathematical systems (Barton, 1995); the systems of
Polynesian navigation (Turnbull, 1991); Inca quipu (Ascheksther,1981);the
symbolisations of Lusona drawings (Gerdes, 1991); Mayan mathenaatttthe
Japanesé&Vasan.The contributionsof theseto mathematicshave beenlost, or
dismissed, or changed. Mathematically significant parts baeaco-optedinto
the large programmemathematics,under the rubric of one great universal
language and truth. In this processthey have been stripped of culturally
distinguishing characteristicsyendering their divergent potential sterile. The
mechanismof the stripping processhas parallels with what happenswhen
languages meet (Brenzinger, 2001).

Further evidence for divergena® mathematicxan be found in the history
of mathematics. Conventional historiograghyrportsto show a single conver-
ging streamof developmentput little emphasidgs ever placed on unresolved
divergent branches: standard and non-standagdysis;Bayesianand frequen-
tist probability; settheoreticand categorytheory foundations;not to mention
the alternative basic axioms proposed within set theory.

Mathematicsis now widely recognisedas fundamentallya human social
activity. Hermann Weyl has said:

The questionof the ultimate foundationsand the ultimate meaningof

mathematics remains open: we do not know in what diredtiaill find

its final solution or even whether a final objective answer can be
expected at all. ‘Mathematizing’ mayell be a creativeactivity of man,
like language omusic,of primary originality, whose historical decisions
defy complete objective rationalisation.

Considersomeother aspectsof humanendeavourby which we makesenseof
our world: language, music, art. The attempt to show the existérecaniversal
human grammar is founderings did the searchfor a universallanguagebefore
it. And no-onehassuggestedhat all musicor all art is of the one kind, or from
the samesource.Thereforewhy shouldwe think that mathematicss the single
universal created from human experience?
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The implication of all this evidenceis the diverseassumptionjn other words
mathematicscan diverge in many directions, but only one potentiality of
mathematics is being developed.

The influence of language
One of the mechanismsyy which we are losing the other potentialities of
mathematics is through increasing reliance on only two or threpiagedo do
mathematicsEnglishis increasinglybecomingthe languageof researchmathe-
matics. The pressurefor international communicationis the raison d’etre for
official languages atonferencesand has,de facto, madeEnglishinto alingua
francafor mathematiciandMlany mathematicianshrugtheir shouldersat these
developmentsQue sera, seraHowever,ashasbeendemonstratedbovewith
four different languages, we often useeign expressiongo convey accurately
ideas which cannot be expresdedEnglish. This impliesthe existenceof gene-
ral concepts which are language specific: do mathematical coradeptyet lost
or changed when expressed in a language of international communication?
Another linguistic limitation to mathematicshas emergedfrom the IT
revolution. Somepeopleare currently working on the basicmathematicalunits
by which ALL web-based mathematiesll be done. The reasonis that it is not
easyto transfermathematicakxpressiondetweenvarious mathematicakenvi-
ronments(e.g. Matlab, Mathematica)so providing a commonbasein which all
theseenvironmentswill run providesfor intercommunicationThis is no doubt
useful, however mathematicianglo not seemto realisethat they are limiting
mathematicdby this processcutting off potentially different ways of concep-
tualising mathematicsWhen we realise that more and more researchmathe-
matics is done using computers, the dangers become increasingly more acute.
In areas wher¢hereis a recognitionof the needto useand preservemino-
rity languages, mathematics is often the one subjdat taughtin English. The
commonperceptionof mathematicsas that subject which is beyond culture
leadsto an assumptiorthat it doesnot matterin which languageit is taught.
However there is good linguistic evidence that this is not the case. Remdnt
has shown that different languagescarry different ways of conceiving even
those very basic aspectsof the mathematicalworld: number and space.
Australian aboriginesdominantformatting of local spaceis by use of global
north, south, east, west directions (Harris, 1991); Navajo languagesspeak of
geometric'objects’ asactions(Pinxten,van Dooren& Soberon,1987); and, as
has been noted above, Polynesian and some Inuit langeggessnumbersas
verbs (Barton, 1999b). The tendency of Indo-Eurodaaguagedo nominalise
conceptsreinforcesthe tendencyin Westernphilosophy towards an object
ontology. It is by no meansa universal philosophicalor linguistic habit, for
examplein the BasquelanguageEuskerawhat we might considerobjectsare
perhapsbetterunderstoodas states(Barton & Frank,2001).What would have
happenedif mathematicshad developedthrough theseconceptionsWe will
never know, of course, buti# interestingto play thought experimentsMathe-
matical representation of space tends to use single origmbne with Western
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philosophy’s Ego-Other orientation: What sortggfometricsystemwould have
evolved from describing space with multiple origins? Much scientific effemt
into the developmentof timekeepersso that navigation could be basedon a
latitude/longitude system: What would have happened if this effastput into
developingPolynesianpath navigationconceptssuchasanalysingwave-swell
patternsWhat sort of systemswould have evolved from thinking of numbers
and shapes as actions instead of objects?

Metaphorsfor mathematics

One of the effects of cultural investigations in mathematios vgiden the ambit
of what is meant by the term mathematics. Rather than thimfitfee mathema-
tics which is known world over through formal educationwe needto expand
our vision to include any form of quantitative,relational or spatial systems.
Bishop (1988) makesa distinction betweenMathematicsand mathematicghat
has some of these characteristics.

How are we to understand this widasion? Above it is suggestedhat the
growth in mathematicss a tree-like growth. Roots convergeto one trunk that
then sprouts, but only more brancle#she samewood. Theideasin this paper
suggestit is more appropriateto think of mathematicsas a forest in which
different treesmight grow. Different treeshave many similarities,and, as mathe-
maticians, we tend to focus on their likenesses. Asdtestevolvesa particular
type of tree (the English-languag®ne) hasdominatedto the exclusionof the
others,or, possibly,in a strangetype of cross-pollinationthesetreestake on a
few minor characteristics of other trees.

| find a more useful metaphorfor mathematicsin its wider meaning is
provided by thinking of boaten a harbour.Eachtype of boat (eachmathema-
tics) gives the sailor a different type of experience of the world of the haour.
fishermanin a fishing boat comesto seethe harbourasa network of positions,
placeswhereit is good to catch certaintypes of fish. A passengeon a ferry
comesto seethe harbouras a network of possiblepaths,trips that might be
taken. Speed boats, yachts, large passenger or cargo ships, windsayf@kers
all have theirown reality. The ferry cantravel on the harbourunderconditions
too rough for the fishing boat. The fishing boat cango to rocky placeswhere
the ferry cannot navigate.It is the sameworld, but it is a different under-
standing. Neither is the truth.

One more metaphorfor the Diverse Assumption/ConvergenExpression
belief is a lithograph by M C Escher. In this image, sets ofdifferent coloured
birds are each defined by the spaces between the birds of the otladtheetgh
in some parts of the pictunly one type of bird is recognisableThe birds can
representtwo different mathematical'spaces”. In most areasthe two birds
defineeachother:it is clearthat the same“space” is being describedput it is
being done inwo differentways. But thereare somepartsof the world which
are only definable using the white bird, and other parts wéielonly definable
using the dark bird.
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It does not matter wheth@ne of the birds is moredetailedthan the other. The
advances in academic mathematies be seenas putting more and more detail
into one type of bird. No matter how much we do that, we will never reakee
of the spacalefinedby the othertype of bird. | amworried that, if we losethe
ability to understandthe conceptionsbehind indigenouslanguagesthen we
will lose forever the possibility of understandingthose other aspectsof our
world.

Educational implications

The import of this paper is predominandiynedat mathematicsWhat mathema-
tical developmentshave been missedbecausethe history of mathematicshas
gone down one track and not the other? Can these other lines of possible
development be recovered? What mathematical developmentbbaneissed
becauseparticular cultural conceptionsof quantity, relationshipsand space
have cometo dominate?Can other cultural conceptiondeadto previouslyun-
thought-of mathematics?

However the different view presentedhere does have implications for
mathematiceducation.The obviousfirst implicationis that bi- or multi-lingua-
lism in mathematicsshould be encouraged.This appliesboth at the level of
children learning mathematieg school,but alsoat the level of researchmathe-
matics.It is hypothesisedhat doing mathematicsn one languagemay lead to
directions in researctifferent from thoseif it is donein anotherlanguage.The
practicality of internationalcommunicationnotwithstanding,opportunitiesto
follow mathematical thought in all possible modes should be taken.

Another implication whickis not so obviousis that “raw” mathematisation
should be encouraged. Young childfgst comingto mathematicsarelikely to
be lessbound by the predeterminecconventionsof the subject.Encouraging
students to mathematise th&miliar conceptionsof quantity, relationshipsand
spacewill promotediverseand creativethinking. It is exactly this attitude to
mathematics which needs be fosteredfor the healthof the subject.The view
of mathematicgproposedin this paperimplies that there are many unrealised
opportunities for mathematics in the very basic formulations of the subject.

In the pedagogicakrenathe implicationsare both political and curricular.
This paper presents a case for increased sensitivity to the difficofitpesticular
groups,especiallythosewhose naturallanguageis widely different from Indo-
Europeanlanguageslt hasimplicationsfor the way in which the mathematical
gate-keepingn our society is cultural biased.With increasingtechnologythe
consequences of such a bias are increasingly drastic in social terms.

With respectto curriculum,thereis an important considerationfor people
from those cultures which experiencecultural estrangementwhen studying
mathematicsvhich hasbeendevelopedthrough a different world view. Over-
coming this estrangemenis no easytask, but acknowledgingthe problem is
essential.Such acknowledgmentmust be given by teachersbut also in the
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curriculum. One attempt at this is describedby Lipka (1994) talking of an
Alaskan programme:

The pressure behind developing a Yup'ik mathematics is three-fold:

1) to show students that mathematics is socially constructed,;

2) to engage students in a process of constructing a system of
mathematics based on their cultural knowledge;

3) to connect students’ knowledge of “their mathematics”through
comparisons and bridges to other aboriginal and Western system.

In otherwords,accesdo the conventional widespreadield known as‘mathe-
matics’ must comethrough the world-view in which it is expressedlIf your
world-view is different from thisthen it is first necessaryo understandhe role
of your own world-view in making sense of quantity, relationshipsspate so
that you can appreciate another one.

Such an educational task seems to place an added burden on amygoise
starting from a different world-view than that conventionalmathematicsThis
is true, but there are two important points to be made. Cummins (1986) has
produced evidencethat bilingual learners,provided they are fluent in both
languageshave a cognitive advantagen any educationaltask. | interpretthis
to meanthat the sort of knowing which results from having two (or more)
world-viewsis a deeper,more aware,sort of knowing than that which results
from having only one. Hence people learning mathematicsfrom a different
world-view have to do more, but they reach a different, deeper understanding.

The second point is that mathematiearnersirom the samethe world-view
as that of conventionalmathematicsalso have an addedtask if they wish to
reachthis deeperlevel of understanding.lt is a feature of many education
systemsespeciallymono-lingual English-speakingones, that such a different
level of understandings not even recognisedlt behovesus as mathematics
teachers to create this awarenessunstudents. think of this asputting more
emphasis on mathematicsablumanitythan on mathematicasa science- and
particularlyto avoid teachingmathematic@san unquestionedseriesof results
and techniguesAt the very leastit meansthat we have a duty as mathematics
educatorgo teach somethingabout mathematicspot just to focus on mathe-
matical methods and results.

Conclusion

So, mathematichasdiverseorigins, and it is convergingeventhough thereare
new researchfields, more PhD’s, more books, more applications.Mathematics
may be growing, but this is a tree-like growth. The roots convergeinto one
trunk that sprouts onlynore branchesof the samewood. Mathematicshashad
(and continuesto have) a diversity of origins based in different cultural
environments, but communicative, socialising, political and historical foned®
both its development anits expressionconvergent.D'Ambrosio,of course has
been calling for recognition of diverse epistemology for a long time (1987, p74):
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... we facea needfor alternativeepistemologiesf we want to explain
alternative forms of knowledge. Although derived frtme samenatural
reality, these knowledges are structured differently.

Simply because one knowledge systeasbeensubsumingpartsof othersand
has had enormousamountsof time and energy put into its developmentthis
doesnot makeit the only, nor the correctly structured,knowledge. We can
acknowledge its power, its beauty, and its appagentrality,but we mustalso
acknowledgeits destructivenesgboth of our world and of other knowledges),
its inconsistenciesand the gapsin its pervasivenessOther ways of doing
mathematics were — possibly still are — available.
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School Algebra: Manipulations of Empty Symbols
on a Piece of Paper?

Gard Brekke
Telemarksforsking-Notodden

Summary
The paper is based on students’ written responses to selected items in a large-
scale assessment project in Norway. Findings related to students’ knowledge of
the symbolic notations in algebra are discussed. The findings are related to the
Norwegian tradition to focus extensively on executing rules for symbolic
manipulations.

The paper is based on a large-scale assessment project from grade 5 to 11,
where assessment is used as a basis to aid conceptual development. Two of the
objectives of the project are to develop:

 integrated test- and in-service training packages that can be used by
teachers as part of their assessment practice

 a collection of test-instruments of diagnostic character, which can be used
as a starting point for teaching practice within various parts of the subject
matter.

Sets of diagnostic test items for various parts of the mathematics curriculum,
with the intention to cover most of the key concepts of school mathematics are
developed. Materials for teachers are produced for each set of test items. The
main focus of the materials is to report and discuss the extent of conceptual
obstacles identified by these items. The items are developed to enquire into
different aspects of the particular concept in question.

In selecting items for the project the main intention was to inform teachers
about several well-known conceptual obstacles in students’ algebra learning. The
research perspective had a second priority. Data reported in this paper are based
on written responses to items from 1805 grade 6 students from 100 classrooms.
The corresponding figures were 1953 studentscl@$srooms (g8) and 1957
students, 90 classrooms (g10). Average ages were: 11.5, 13.5 and 15.5.

Introduction

There is a large body of research literature about the teaching and learning of
algebra. It documents students’ difficulties in grasping fundamental aspects of
the notations used. This involves how to write simple expressions and equations
containing variables, numerals, operation signs and brackets. (e.g. Booth, 1984;
Herscovics, & Linchevski, 1996; Janvier, 1996; Kieran, 1981; Kichemann,
1981;MacGregor & Stacey, 1996; Stacey & MacGregor, 1996 and 1999.). One
aim of the KIM project was to make teachers aware of learning outcomes of an
extensive emphasis on symbolic manipulation in the teaching of algebra. A
national survey of Norwegian students’ understanding of different aspects of
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algebra was needed to promote a change in teaching. The teaching activities
linked to the national survey are designed to help students to close the cognitive
gap between arithmetic and algebra (Herscovics, & Linchevski, 1996).

Issues in the transition from arithmetic to algebra

The priority of multiplication and division

The intention of the items of problem \Write the correct number to go in each

of the boxesib:[ ]-2+4=12,1c:3+2[ |=15,and 1d: 25 -2 | =17 is

to focus on students awareness of the priority of multiplication compared to
addition or subtraction. Respectively 61, 77 and 88 percent of the students
answered item 1b correctly. The most common wrong answer was 2. These
answers are probably a result of first adding 2 and 4, and next multiply 6 by 2.
Table 1 illustrates this strategy is much more prevailing in 1c. One additional
reason for the large increase of incorrect answers could be the tendency to
perform calculations from left to right. The answer 5 indicates that these students
add 3 and 2 and write the result in the empty box.

Iltem 1c Grade € Grade & Grade 1C
6 correct 13 17 33
3 67 73 63
5 8 3 1

Table 1. Percentages of correct, and most common incorrect responses. Item 1c.

The idea of priority amongst operations is even less transparent in an algebraic
setting. It is my opinion that this has to be specifically dealt with in arithmetic to
be applied in an algebraic setting. That students do not manage this convention
for numerical operation is presumably because it is difficult to understand, but
rather that this is usually not specifically dealt with in arithmetic teaching.

Students’ use of symbols

Lack of closure and evaluate a specific unknown

ltem 4b is taken from Kichemann (1981f):e+f = 8 thene+f+g =

Matching the two expressions can solve this item. Table 2 demonstrates that to
operate withg as aspecific unknowrtaused problems for the majority of our
students. Basically the students tried to solve this problem of symbolizing in two
different ways. One was to join the number 8 and the specific unkg@and the

other were to evaluatgin different ways.
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Item 4b Grade € Grade € Grade 1( CSMS
8 + g org + 8 (correct) 4 8 38 41

89, 8xg or similar (joining 4 1 27 3

9 21 16 3 6

12 18 16 7 26
Other numbers evaluated 21 22 8 -

Table 2. Percentages of correct and most common incorrect responses. Item 4b.

The CSMS study involved fourteen year olds, and would on average be half a
year older than our eight grade students. It should also be noticed that the
formalistic teaching of algebra starts in grade 8. Note that CSMS students
performed better than our grade 10 students. In our sample there is a large, and
increasing, proportion of “joiners™ as student grow older. We also notice that
there are different “popular” ways of evaluating g between the two samples.
Apparently, near the end of compulsory school, grade 10, students stop evalua-
ting variables, but the part of students who have problem with the lack of closure
of algebraic expressions are growing. This is an opposite change by age
compared to CSMS results shown in table 2. Similar lines of thinking illustrated
by the responses to item 4b are also observed for other items used in of the KIM
project, for example items 3bAdd 2 and n+5"and 3c: Add 4 and 3n”.
Respectively 4, 9 and 37 percent of the students answered item 3b correctly. The
corresponding figures for item 3c were 4, 7 and 46. Two types of joining,
avoiding lack of closure, were observed in item 3b+2, joining 2 ton, and 'h

or n7, adding the numbers and join the variable. The percentages of joiners on
item 3c were respectively 63, 69 and 39, compared to 31% in the CSMS study.

Simplifying expressions

The test contained eleven expressions to be simplified for grade 8 and 10. We
will first consider the following items, 8l& + 4 +a —4; 8c:x + y— x + y and

8d: @ + b) + (a — b). The facility level of these items was respectively 33, 12,
and 8 % for grade 8, raising till respectively 79, 57, and 40 % for grade 10. A
relatively small numbers of “joiners” were observed for all of these items, just
below 10 % for grade 8 and around 4 % for grade 10. Notice that the careful
professional progression from item 8b to item 8d has a large effect on the
responses. The most common incorrect answers to item ¢ was+Oy,®xy or
similar, respectively 21 % and 16 %. They probably txeaty asoneobject. It is

more difficult to explain the reason for the response GdiR and 5 %).

The power notation is also brought into play in grade 10 students’ responses
to the items above as well as to item 8a&-3b + a), presumably because this
content is currently taught at this grade level. In addition the conjugate equality
pops up in many students’ responses to item 8d, as illustrated in figure 1 below.
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A (0\+b) f('q—b = @) ?:a/?&)Fa‘) = j
é-a—a-mb.z-b.m % bY3q-a -

& —ab vba -t C 3% b3
a* -b 3ah -2

Figure 1. Example of wrong application of the conjugate equality.

The power notation is employed by between 6 and 9% of the grade 10 students
on items 8b to 8e. The conjugate equality is employed by 15% on item 8d.

The most difficult item to simplify was item &j*2. We found more than 40
structurally different responses to this item, for example the difference between
numerator and denominator, or only between the parts of the numerator that
contained the unknown. Only 2% in grade 10 gave a correct response. Some
answered 0.75 (or equivalent), droppignd cancel, others 0.5droppingx,
cancel and then introducingagain. Others operated as illustrated in figure 2:

\
3
. 2 =
)] \% = i
Figure 2. Example of simplifying of expressions.

Other students cancek 4y 8x to get 0.5 and then add 2 to give the solution 2.5,
while others again introduce tikeagain and write 26 Another alternative is:

2
IX+2
Yx+2
= X +
T%x PPRECIRR & 2

Figure 3. Example of simplifying of expressions.

4x + 2,-4 x+ 2 andZ are all examples of subtractions between nominator and

denominator. Two per cent of the students managed to cancel “everything” and
answered 0, and seven per cent, nearly four times as many, managed to find an
incorrect solution, cancelled as illustrated in figure 4.

ER SR

Figure 4. Example of simplifying of expressions.
Letter used as a generalised number
Problem 13 below is used to discuss students’ comprehension of how letters are

used to represent a generalised number. The format is probably unfamiliar to
many students, but still gives valuable information of typical interpretations.
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Item 13: Tick the box for the correct answer:

a. atb+c=cta+bh
[ltis always true []It is never true [ ]It is sometimes true
Explain the reason for your answer.
The same questions were asked to the following identities:

b. Ad+x=4+y

C. 2a+3=2-3

d. [ +m+n=Il+p+n

Table 3 shows the distributions of the ticks (correct ticks are indicated by *).

Non respons: Always true Never true Sometimes trui

a. Grade 8 12 *39 12 33
a. Grade 1C 7 *65 9 18
b. Grade 8 14 11 23 *31
b. Grade 1C 7 4 54 *34
c. Grade 8 15 9 *60 14
c. Grade 1C 9 4 *72 14
d. Grade 1(12 5 49 *33

Table 3. Percentage distribution of students’ responses to problem 13.

Students who ticked but did not explain were also registered in table 3. Grade 8
students gave fewer explanations than the older students. Among those who
ticked for the correct alternative it was respectively 31 %, 58 % and 43 % who
gave no reason for their choice for the three items in grade 8. The corresponding
percentages for the four items in grade 10 were 18 %, 23 %, 29 % and 25 %. The
percentages of no explanations amongst those students who ticked for a wrong
alternative are much higher than those above. We notice also that the two items
(b and d) where the identigould be correct under certain conditions are more
difficult. It is conspicuous that the alternatimever trueis more attractive than

the correct alternative in these cases. One reasonable explanation is that students
have much less experience with the equality sign as a symbol of equivalence than
as a symbol separating a calculation task from its solution. A further discussion
of this will follow below when analysing types of student explanations.

The most common correct explanation to item 13 a was that the order of
addition is indifferent. Two thirds of the students who made a correct tick gave
such reasons. But there were also explanations that indicate diffuse ideas. For
example’It is the same, but usuallihey comes in alphabetical order. When we
add it is the same which factor comes firgDirect translations) Some used one
or two numerical examples, implying that these are general, suchThs: “
answer is always the same because if you add 1 + 2 + 3 = 6, and turn it around
you get 3 + 2 + 1 = 6."Others refer to that the letters are the same, which could
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indicate that they interpret the letters as objects.

The most common incorrect explanations are based on that the order of the
variables is changed, for example: It is always true becadusecbrrect that the
letters should be separated, but they have to come in alphabetical order a + b +
¢”. Other students made connections between variables and reading, it is never
true becausta + b + ¢ is not the same as. Examplai(car) is not the same as
hus(house).’Others again conceive letters as objects. Figure 5 shows an example
(in Norwegian). It is never truebtcausea+b+c = abc and c+b+a =cba these
are totally different things.”

SV AL A A BLUNG
Figure 5. Example of student’s response to item 13a. (In Norwegian)

For all the items of problem 13 we find that many students conceive the equal
sign as an operator, a signal for a numerical operation or to perform a procedure.
The “task” is to the left of the equal sign, and the solution to the right. It is never
true becauséWhen it says a + b + c the answeradc. Amongst the students

who ticked forsometimes tryemore than two third gave no reason for their
choices. Those who gave reasons refer to the order of the letters involved.

Item b was more difficult. A considerably larger part of the grade 10 students
believe that this equivalence can never be true, than those who understand that it
can be fulfilled under certain conditions. The most common correct type of
explanations refer tg andy as general expressions for numbers thay have
the same value. Explanations such ksi&pends of the values of x and y”, “If
they have the same value it is true, if not it is never.'trage typical correct
explanations. One student wrotg:and y have usually different values, but they
may also be the same by chance in an equatibnias respectively 9 and 19 %
of the students who gave these types of explanations. Around 70 % of those who
ticked the correct boandwrote an explanation applied this type of reasoning.

The most common reasons among those who tickeakfcer trueare related
to the idea that andy have torepresent different numerical valugscausethey
are symbolised by different letters. Answers suchxaentl y are different in any
case”, “4 + x and 4 + y cannot be the same because x and y never stand for the
same number"andthe values of x and y are not equal in the sdaask”.
Students’ who believe variables to represent objects arrive at the same
conclusion, for exampl& is one word/thing and y is another word/thing”.

As for item a, we find several examples of explanations that reflect the
interpretation that the identity represents a calculation task to the left and it's
solution to the right of the equal sign. For examp¥e solution to the task
cannot be true because 4 + x becomes 4xrand + y”, “Because one has to
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have a y in the task to get a y in the soluti@mnd“Where does this y come
from? One cannot suddenly bring it in when it wasn't mentioned in the t@sk”.

the other hand, the explanatitiBecause it is an equation, and equations are
always equal on both sidesifidicates a correct interpretation of the equal sign,
but the reasoning is associated with the symbolisation rather than with numerical
values of these symbols. 11 % and 4 % tickedAlerays true Around half of
these students explained their reasoning. Most of them argue: since it is
indifferent which letter one chose to represent the variable, the identity will
always be valid.

It is easier to establish a correct content knowledge to item c than to the other
items. For grade eight, the differences between c and the other items are espe-
cially large. One reason could be that it is possible to apply other strategies that
are not applicable in the previous items since these involved more than one
variable. It is a large proportion of the students that tick one of the alternatives.
Respectively 43 and 29 % of those who tickedniever truedid not explain their
reasonsThe following line of reasoning is linked to the outcomes of an addition
and a subtraction2a is the same number on both sides and cannot add
something on one side and subtract on the other side to keep it the sBomé
students, 26 and 41 % of all students who wrote an explanation, focused only on
the signs of the equality for example; and - are not the same”ln a few
cases, 1 % and 4 %, based their argumentation on one or more examples. Few
students who ticked a wrong box explained their choice. The only error type that
could be traced to a systematic line of reasoning can be illustrated by the
following response‘When carry the numbers across = you have to change
sign”, referring to a procedure for solving equationisis line of reasoning was
used both by those who tickativays trueand those who tickesbmetimes true.

Iltem d was given only to tenth graders. It has the same structure as item b. Even
though it is possible to use the same argumentation as in item b, one would
expect that this item should be more complicated, both because of the number of
variables and that the identity does not contain an explicit number. Table 3 shows
that roughly the same number of students ticks for the correct option. Likewise it
is about same number of students who ticknfarer true An analysis of students
individual responses to these items showed 83 % of those who tieked true

for item d did the same for item b. Similar, 77 % of those who tiskadetimes

true, did the same for item b. It should be noted that many of these students do
not explain their choices, but respectively 85 % and 86 % of those students who
explained their ticks for eithemever trueand sometimes trueised similar
reasoning on both items, which indicates consequent thinking.

Conclusion

A general conclusion from the analysis of our data is that the majority of

students apply arbitrary, but to some degree consequent, procedures in transfor-
ming algebraic expressions. These are usually linked to bits of partial under-
standing of arithmetic, but also procedures in other fields of mathematics. Their
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procedures become in this way isolated and therefore difficult to apply in un-
familiar situations. It is my opinion that the best way to overcome this is to
strengthen the links between arithmetic and algebra.
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Applying Didactic Varieties in Geometry

Verdnica Diaz, Alvaro Poblete
Universidad de Los Lagos, Chile

Abstract
The recognition of problem solving in geometry has provided a wide
analysis by considering various approaches. Some of them concern clari-
fying in a general way its meaning as an activity, as a study of solving
strategies and others in relation to their classification. A learning-
teaching proposal based on problem solving through the building of a
didactic model called Mathematical Didactics Varieties (VDM) is presen-
ted in this study. Our classification is inserted in the Chilean Educational
reform frameworkin terms of applying didactic varieties in geometry,
differentiating types of problems, registers and evaluating its solving at
secondary level. To that effect, a learning experience on the subject
“similarities of plane figures” based on the incorporation of the model
proposed was devised. This qualitative research in geometry related a
didactic view of mathematics in the teaching of geometry concepts and
problem resolution, specifically that concerning the area of similarities in
the development of the ability of problem solving.

Background

The importance of problem solving as one of the main aspects in the learning
process in the field of mathematics is widely recognised and is still a main
concern for educators and researchers in the field of mathematics education. The
importance now given to problem solving and evaluation in the field of mathe-
matics has originated several proposals for the teaching of this area. For this
reason, the work of Schoenfeld (1988) plays an important role in implementing
strategies for the problem-solving process.

Besides this, there are other interpretations regarding problem solving itself,
which consider it a goal, a process, and a basic skill. When considering problem
solving as a goal, the need to learn how to solve problems becomes essential,
since it is assumed that this ability will help the students to cope with various
types of problems. In the second case, what really matters is the method, the
process, and the strategy, the last of which should be the focus of the curriculum
in mathematics. As for the third interpretation, problem solving can be presented
as a basic skill together with other skills; this would make it necessary to
distinguish content from problems, to highlight possible classifications that could
be made, or to identify the different methods needed to solve the problem.

! ProjectFondecyt — Chile, N° 1990558, 1999-2001, of which this article is a partial result.
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In an attempt to modify the mathematical contents so as to consider the needs of
a society immersed in the twenty-first century, problem solving must be
recognised as the main reason to study mathematics. Thus, it should be regarded
as the process of applying previously acquired knowledge to new and unknown
situations. The question that immediately arises than is: Do the student’s acqui-
red skills enable him/her to solve mathematical problems? If problem solving is
to become the main focus in the teaching of mathematics, it should also become
the main focus of its evaluation.

One didactic variety of mathematics is a situation of learning associated to
mathematics that is built with problems situations, type of problems and registers
of expression. This model centres on a problem situation which acts as
distinguished variable and establishes other variables which support it. The
distinguished variable is the mathematics framework and the associated variables
are the context and registers of expressions. There are several mathematics
frameworks and several contents and registers of expressions for only one
mathematical concept. The registers are expression forms and can be graphic,
symbolic, algebraic, tabulations, and natural language.

This model relates registers of expressions as representation forms and types
of mathematical problems. The types of problems have been considered accor-
ding to their nature as routine and non-routine, and according to their context as
real, realistic, fantasy and purely mathematical.

Non-routineproblems refer to those whose answer and a previously estab-
lished procedure is not known by the student. Example: Explain why two
triangles with two proportional sides and the same angles are similar.

Real contexproblems: A context is real if it is effectually produced in the
reality and the student is involved in this. Example: Get the measure of a window
in your classroom and determine what length and width should be right to be
similar to others whose sides are the double.

Realistic contexproblems: A context is realistic if it is able to be really
produced. It deals with a simulation of the reality or of a part of reality. Example:
A pine tree at eleven in the morning of a certain day casts a shadow of 6.5 m.
Next to it there is a booth 2.8 m high which projects a 0.70 m shadow. What is
the height of the pine tree?

Fantasy contexproblems: A context is fantasy if it is the product of imagi-
nation not founded in reality. Example: @sorno airport an Unidentified Flying
Object (UFO) is seen. Its characteristics are similar to a triangle whose sides are
0.6 cm, 0.8 cm, and 1.0 cm. For investigation purposes another similar object is
built on earth whose smallest side is 3 m. What is the ratio of similarity?

Purely mathematics contegtoblems: A context is purely mathematics if it
refers exclusively to mathematical objects such as numbers, relations and arith-
metical operations, diagrams, etc. Example: The sides of a triangle are 0.3 dm,
0.4 dm, and 0.5 dm. The shortest side of another similar triangle is 0.15 dm. Find
the other sides of this triangle.
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In general the solving of a problem of a real, realistic or fantasy context needs the
mathematization of the given situation, that is, its translation into a mathematical
language. Since this deals with a problem, the procesattfematization should
demand a certain searching from part of the student who is working with the
problem. If he can mathematize the situation in an almost automatic way and
without any effort, then it does not have to do with a problem of context, but
rather with an exercise of mathematization.

M ethodology of research

A didactic experience to articulate the mathematical concepts regarding a specific
teaching unit and the solving of types of problems for secondary school (i.e.
grades 9-12 in Chile) was devised applying mathematical didactic varieties. The
tasks were geometry problems and the unit dealt with similarities of plane
figures. The contents were structures as indicated by the Chilean Educational
Reform for secondary school, specifically a middle second grade school from a
scientific-humanist class whose ages ranged from 15 to 18 years.

The study of participating observation was carried out in 2001 during 4 weeks
of through 3 weekly meetings of 90 minutes each, and four pairs of students to be
observed during the course of the teaching-learning experience.

The teaching strategies in the classroom were active, being focused on the
students’ actions. The students worked in groups with teaching materials made
by the researchers, and structured according to the classifying of non-routine
problem context, and differentiating registers of expressions. The teaching
material consisted of problems, situations and questions in relation to the simila-
rity of plane figures, criteria of similarity, scale drawings in various contexts,
Thales’ theorem on proportional lines, and aureus ratio.

Data collection was made by observations in classes, individual interviews in
meetings, and an attitude questionnaire with open answers. All the meetings were
recorded and 8 protocols were produced.

Development of the experience

The application of the test based on the solving of types of problems was
followed by application of an attitude questionnaire to the four pairs of students
under observation. Students start interacting. They do not know how to convert
certain measurement units and make comments about not remembering how to
calculate the area of a rectangle:

Fransisca: Does anybody remember how to calculate the area?

They make comparisons between them but differ in the measurements. They
attempt the required conversions with a certain difficulty. Andres and Miguel
stand out concerning the precision of the reproduction but in general they take
more time to reach the increment, only one of them makes a mistake when using
the scale. The presence of the tape recorder distracts them and inhibit to some
extent their mutual relationship and with the teacher.
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They wonder how long the maquette front is, and how high it is, how many times
the building size has been reduced. They make the comment: can we draw the
height considering the other front? | do not understand the last question, maybe
we must convert it to meter. Miguel explains the existing relation between the
drawing measurements and the measurements in reality to the rest of the students
being observed.

An activity in a fantasy context refers to a fictitious character from the book
Gulliver’s travels where theLilliput country is described as a world in miniature
made at scale. During its solving they talk to each other:

Pamela: The.illiput is the little one.

Miguel: It is made at scale.

Karmi: | have got the measures, it is 1.3, that is, the giant is 11 times
bigger than the king.

Andres: | counted thkilliputs, they are 9.

Carlos: The giant eats 11 times more than the king.

Karmi: This exercise is easy.

Francisca: | need to have an idea of how much this would measure.

Pamela: When we measure the map, do we have to do it in a straight line?

Miguel: We have to pass from km into cm.

They show difficulties in establishing the ratio of the similarity between the
figures, and in solving the problems of a real context. They comment: this is very
difficult and | will never finish it, it would be better to have only one drawing.
Even when they show their dislike for so many problems about the same thing,
we see the extent of appropriation of concepts as a reason of similarity and simi-
larity of figures. For the Thales’ theorem problems of purely mathematical con-
text are proposed for their solving, this leading to an evident advanced degree.

There is a significant mastering in solving routine problems, and they show
they are motivated to answer them. But most of the students have difficulties to
solve non-routine problems. To the problem “Two triangles have two propor-
tional sides and the same angle, is this enough to assert that they are similar?
Justify your answer.”, four of them answer affirmatively but they do not justify
their answer.

Finally, the test with which the research started was given to the whole class.

Results

Categorization of theresults

Based on the data obtained, the class observations, literally transcribed at the end
of each working session, and the pre- and post attitude questionnaire, all the
information was classified in order to find the convergence. The idea was to
obtain a corpus of data that allowed a more systematic analysis of each situation,
leading to the formation of categories from the similarities in order to maintain
internal homogeneity, or the differences related to external heterogeneity, trying
to establish clear and coherent criteria for the classification and ordering of the
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information obtained. Similarities found for the three pairs of students observed
are detailed below.

- The solving

Regarding the solving development

The main types of problems undertaken and really solved by the students were
those routine ones of realistic, fantasy and purely mathematical types, excepting
some real problems. The types of problems considered as non-routine ones did
not reach an adequate development of solving, although they were tackled.
Regarding the degree of difficulty of the problems

At the beginning, the students showed a high degree of difficulty in determined
routine and non-routine problems. The degree of difficulty in the non-routine
ones is shown through all the application of the experience.

Regarding the knowledge used

The geometry knowledge applied by the students at the beginning was not
enough to answer the situations and problems set up during the experience.
Subsequently, with the application of the teaching material, the knowledge
became sufficient to solve the situations and problems proposed. Even when the
students show a concern about so may problems about the same thing, we may
confirm the degree of appropriation of concepts in relation to a similarity of
plane figures.

Regarding the algorithmic processes

This is an outstanding situation during the development of the experience, since
the students show a greater management in the comprehension of concept aspects
in mathematics than in the application of algorithmic processes of solving.

- Of teaching

Regarding the work methodology

The students establish a significant difference between the lectures considered as
traditional by them and this form of teaching through problems, this resulting in
something interesting to them because it is entertaining and didactic, and partici-
pate since they have the possibility of making group work.

Regarding the material

From the beginning of the experience the students valued the teaching material
being used in a positive way, since it was made taking into account a sequence of
activities, most of them with additional graphic representations designed accor-
ding to learning situations, setting out types of problems and geometry concepts
being involved.

- Of the mathematical concepts

Regarding the meaning of similarity of plane figures

From the analysis of the answers given by the students during the interviews and
through the development of the 48 proposed activities, we proved similitude in
the meaning they give to the concept of similarity, since they are able to show
their comprehension through examples of types of specific problems made by
themselves.
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- Of the achievement being reached

The application of the tests at the beginning and at the end of the experience

showed that the students got percentages of learning achievement which ranged
between 0% and 15.6% at the beginning and between 31.2% and 93.7% at the
end. We should underline that out of the four pairs of students under observation,

7 students recorded an achievement percentage over 62%.

Conclusions

Based on the analysis of the application of this didactic strategy, we can identify
a substantive increase in the development of the ability of problem solving. This
could be verified in the level of achievement of the students during class work
with solving types of mathematical problems in geometry.

In order to reach specifically the concept of similarity of plane figures, this
research in the area of geometry considered a conception of mathematics
teaching that established a relationship between the teaching of general geomet-
ric concepts and the solving of problems, with the support of teaching material
fundamentally based on types of problems categorised according to their nature
and their context.

Based on the scores obtained by the students in the tests, interview interpre-
tations and attitude questionnaires, we may conclude that there is a significant
increase of the development of the ability for solving types of geometry
problems, particularly those of routine problems of fantasy, purely mathematical
and realistic context. They showed a moderate ability in the area of real and non-
routine problems, that is, those in which their action is required and those whose
solving procedure is unknown.
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Snowboard, Skateboard,
and Understanding of Mathematics
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Abstract
Students who participate in snowboard and skateboard activities,
perform better than other students at some mathematics items. This could
be due to their experience from spare time activities. They perform lower
than other students at a mathematics test with items from TIMSS and
TIMSS-Repeat. Their mathematics marks are also below those of other
students.

Geometry is grasping space...that space in which the child lives,
breathes and moves. The space that the child must learn to know,
explore, conquer, in order to live, breathe, and move better in it.
(Freudenthal, quoted in Clements & Battista, 1992, p. 420)

Do skaters perform better than other students at some mathematics?

By the term‘skaters” | mean students from f@rade who participate weekly or
more often in snowboard or skateboard activities. These students have some
specific experience from participating in snowboard and skateboard activities in
their spare time. | presume they have some specific experience from navigating
"through space and through constructions of shap&@ECD, 1999, p. 49).
Further, according to OECD/PISA, our learning about space and shape include
“We must be aware of how we see things and why we see them as. Waalo"
American scientist and philosopher Norwood Russel Hanson cl&e®ng is

not only the having of a visual experience; it is also the way in which the visual
experience is had'(Hanson, 1958, p. 15). Inspired by the late Wittgenstein,
Russel Hanson carefully chose a similar language. | have chosen to use Hanson'’s
theaies about observation and his language as well, as a tool for a possible
explanation of why the skaters performed better than other stsidensome
mathemécal items. My study (Fyhn, 2000) focused on possible connections bet-
ween participating in activities outside school and performance in mathematics.

“Thereis moreto seeing than meets the eyeball” (Norwood Russel Hanson)

Russel Hanson imagindd/cho Brahe and Johannes Kepler watching the sunrise
together. Most likely they would make the same observation, but their inter-
pretations would differ: Kepler would regard the sun as fixed, it was the earth
that moved. According tBrahe the earth would be fixed and all other celestial
bodies moved around it. Russel Hanson asked: KBpler and Tycho see the
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same thing in the east at dawn?” They watched the same visual object. They
could make identical drawings but different interpretatidme. interpret is to
think, to do something; seeing is an experiential stgtdanson, 1958, p. 11)

See as and see that — Russel Hanson's terminology
At first our observations are registered. Then the brain finds what knowledge we
have about them. In this way brain and eye cooperate. An s-shaped mark in a
steep white winter mountain can $eenasa snowboard track, even if there is no
snowboarder present.

We canseea winter mountairas an attractive snowboard arerze a cold
and frightening place as a lot of unstructured snow and rocks. A Dane, who
has never been outside Denmark, will probably not have the necessary know-
ledge toseesuch a mountaias an attractive snowboard arena. When you shift
from seeingsomethingas “something” to “something else”, organizing of what
is seen, changes. Seeing is a state of experience: If a skater and a teacher watch
the same skateboarder performing a trick, they will not necessarily see the same
thing. They will organize what they see in different ways

Seeing thathreads knowledge into our seeing; it saves us from re-identifying
everything that meets our eye. The gap between pictures and language locates the
logical function ofseeingthat A sentence does not show that the mountain is
covered with snow, but a sentence can state that the mountain is covered with
snow. “Only by showing how picturing and speaking are different can one
suggest how “seeing that” may bring them together; and brought together they
must be if observations are to be significant and noteworitiyahson, 1958, p.
25)

From 360 to 900

In the skaters' terminology ordinary jumps are named such as three-sixty, five-
forty, seven-twenty and nine-hundred. The code is: three-sixty is a jump where
the board is rotated 360° horizontally. The skaters are familiar with using these
numbers as names for the jumps.

In Extreme-games in San Diego the summer of 1997, snowboard was one of
the disciplines. Peter Line won the competition by performing a jump described
as "a perfect nine hundred" by the Eurosport commentator. | have watched this
video tape several times, but still | have a problem in seeing Line rotating two
and a half times, and neither have | automated that 900 is 2,5 times 360. A
trained eye will immediately see if a skater performs seven-twenty or nine-
hundred.

Many skaters do not know there is 360° round a circle. They have been told
that the name of this jump is three-sixty, and they exercise in performing the
jump.
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An example from mesospace activity

According to Berthelot and Sdlin, (1998, p. 72), the Sudents daily life interactions
take place in three different paces. * Sudents' natural knowedge of space is strongly
structured into three main representations. microspace (corresponding to the usual
prenenson relations), mesospace (corresponding to the usual domedtic spatial
interactions) and macrospace (corresponding to unknown city, maritime or rural
spaces...)”

In these terms, the skaters’ daily activities on their boards usually take place
in mesospace. When they work with geometry problems at school, they use their
microspace representation insteadgebmetrical knowledge from their own
experiences in mesospace. Berthelot and Salin (1998 p. 73), claim that*..we have
good reasons to expect that one of the main sources of learning difficulties in
geometry is the previous treatment of geometrical figures on paper during
elementary school”.

One afternoon | asked one of the skaters at my school: "How do you see the
difference between a seven-twenty and a nine-hundred?" The cool sixteen year
old that did not care much about school, answered: "It's easy. You just count
inside yourself how many times he does three-sixty". | was expected to
understand that it was easy (!) to count that 2,5 times 360 would be 900 at the
same time as my eyes should watch an object rotating with great speed. "But how
can you see the difference between one-hundred-and-eighty and three-sixty?" |
asked. "You just see it", he could not give any further explanation. His friend,
who was nearby, continued: "You see how he is landing. If it is one-hundred-
and-eighty, then his back is this way in the landing. If it is three-sixty then his
back is the other way when he is landing." The boys showed me, but they were
not convinced if the mathematics teacher did understand.

Do the skaters and the teacher see the same thing?
These skaters have learned to interpret what they see. They watch a jusepe and
thatthe skater does a seven-twentytat he does a nine-hundred. | can osée
that he is jumping and rotating with a snowboard (or skateboard). These boys
and | can watch the same thing, but we do have different interpretations of what
we see. | assume the boys’ interpretation to be that the jumper rotates twice, then
begins the third rotation and lands with his back "the wrong way". That is what
they call nine-hundred. | am an inexperienced watcher of snowboard jumps, thus
my organizing of what | see is not good, and | interpret what | see as a rotating
jump. My formal geometrical concepts are more developed than those of the
boys (I hope), but | am not able to connect these concepts to what | see. The boys
have a weak understanding of the angle concept and are not sure what kind of
angle 360° is. But they know exactly what they see.

We, who are teachers of mathematics, are here challenged to make the
youths find connection between their knowledge from their spare time and what
goes on in the mathematics lessons.
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The skater, who characterizes the difference between the two jumps seven-
twenty and nine-hundred, is able to separate representing and referring, arranging
and characterizingHansson, 1958). He is able to separate picturing and
language-using. This skater will probably not be able to tell by himself that he
does so, but unlike me he is able to characterize what he sees. This characterizing
can shorten his way to deeper understanding of the angle concept.

The test and the results

| set up a mathematics test with items from TIMSS and TIMSS-Repeat. 638
Norwegian students at 10th grade performed the test the autumn of 1998. In
addition to the test, the students answered questions on gender and on their
participating in activities in their spare time. Close to nine percent of the students
showed to be skaters.

Marks* Test score
Skater/ Mean N [ Deviation] Mean| N [ Deviation| Percent of test
nonskater correctly answere
nonskater 3,18 | 490 0,81 17,5 | 507 5,25 58
skater 2,89 127 0,77 16,1 | 131 5,25 54
Total 3,12 617 0,81 17,2 | 638 5,27 57

Table 1. Mean values of marks and test scoresdnskaters and skaters.
* Norwegian marks; S=5, M=4, G=3, Ng9)=1

Recognizing a rotated object

Two of the items primarily tested the students’ understanding of rotation in a
plane as shown i figure 1. The item text said that a half-turn about a given point
in the plane should be applied to a given figure. The students had to tell which
one out of five alternatives that showed the result of a half-turn.

A half-turn about point 7 in the plane
is applied to the shaded figure

I
I
1
]

; Which of these shows the
E. result of the half-turn?

Figure 1. The half-turn issue
from TIMSS
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In a quite similar item the rotated figure was a triangle, as shown in figure 2.

I Figure 2. The rotated obiject frotm the
X TISE-Eepeat issue

These two items did not test much of the students' formal mathematics
knowledge. The item with the irregular hexagon was the easier one, as shown in
table 2. This can be due to coincidence, but it also can be explained the following
way: Students at the van Hiele visual level will recognize figures as visual
gestalts (Clements & Battista, 1992). They will probably be able to recognize the
rotated hexagon because of its characteristic corner. To them the rotated triangle
will just appear as a horizontal slim object in the five alternative figures.

The triangle issue was one of the skater items in the test. Accordiussel
Hanson, | claim that the skaters do not necessaegthe triangleas repre-
senting the class of triangles (Clements & Battista, 1992). Many of them will be
at the visual or descriptive level. By performing physical activity in mesospace
(Berthelot & Salin, 1998), many of the skaters have learned to recognize objects
visually; they are able teee thathe correct figure must be the rotated triangle.

The skaters have a lot of experience from rotatiom@sospace, and they
have learned to organize what they see. School geometry is primarily taking
place in microspace, and the skaters get limited possibilities to connect their
experiences with school geometry. From their own physical activities the skaters
have learned to recognize objects visually. We, who are teachers, do not usually
have these experiences. Our interpretations of the items are the result of a
mapping where a figure is rotated round a point.

Percent of skaters

and of nonskaters Hexagon item Triangle item

who chose D - correct | Answer D - correct | Answer D

answers D and E N answer % | DorE N answer % orE %
%

skaters 91 53 77 40 53 56

nonskaters 352 60 70 155 39 46

total 443 58 72 195 42 48

Table 2. Percent of skaters and of nonskaters who chose answers D and E
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Some students chose wrong answers

The students could choose between five different solutions to each of these two
items. Students who were familiar with rotation and not familiar with the formal
language: rotation “about a given point in the plane”, could risk choosing alter-
native E in the issues.

A larger amount of skaters thaonskaters chose alternatives D or E in these
items, as shown in table 2. The skaters seem to have understood the half-turn, but
not necessarily the more formal “about a given point”. A half turn is part of the
daily language in their board activities; according to Hanson's terminology they
seethatthe correct answer must be D or E.

A dropped rubber ball

The number one skater item was about a rubber ball being dropped. In the item
the ball rebounds to one-third the height it drops, and the students are asked to
find the total distance traveled by the time it hits the ground the third time. In
another skater item the rubber ball rebounds to half the height it drops.

My thesis is founded in the following way: The skaters have an inner under-
standing of the ball's moves, because they are familiar with the moves of a skater
in a half-pipe or in aert. The halfpipe and theert have similar u-formed shape,
as shown in figure 3. The halfpipe is made of snow and the vert is wooden. The
skater starts on top of tivert, slides down to the bottom, moves up again and so
on. The rubber ball starts at a certain height, falls to the ground, moves up again
and so on. | presume the skaters sagthe ball's movesisthe moves of a skater
in avert or in ahalfpipe. Other youths are familiar with dropping balls, but that is
an outer-understanding. Usually people are not philosophizing on what it is like
being a passenger on a rubber ball.

Figure 3.
Halfpipe or vert

If you watch a skater doingert exercises on TV, you can hear the rhythm of the
board’s wheels against the wooden vert. The sound differs when the board is
rolling up and down. If the skater is jumping when he or she reaches the top of
the vert, the sound is rhythmically erupted. The skater must use his or her own
muscles to get the board up to the same height as it came from. If you drop a
rubber ball, you can hear the rhythm of the ball as well. My thesis is that more
skaters than other students seem to be familiar with the pattern of the ball's move
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because of the skaters’ personal physical experience.sEeaymoving balbsa
model of a well-known pattern of movements. This pattern they have experien-
ced from their activity in mesospace (Berthelot &adin, 1998). Thus many
skaterssee thatthe ball will move 2,5 times between top and bottom. Most
teachers lack experience frdmalfpipes andrerts and will probably have trouble
connecting school mathematics to this kind of knowledge.

Footsteps

Skaterscan be seen sliding along the street by standing on the skateboard with
one foot, pushing themselves forward by the other foot. Before you go per-
forming tricks on the board, you must be able to do these moves. | claim the
skaterssee thai few long steps and a lot of short steps lead to the same result.

One single skater and about ten percent of the nonskaters chose one of the
wrong answers to an item in this context. In the item the lengths of four girls’
footsteps were given. The students were asked to tell who would use most steps
to walk from one end of a doorway to the other. | presume the skaters scored
high at this item is because of their experience from physical activities in
mesospace.

An item with similar mathematical content took place in a different context.
The students were informed that three different cars used accordingly 3, 3.5 and
4 hours to drive a given distance. Then students were asked which one of the cars
was the fastest. 63% of the skaters and 67% ohdimskaters chose the correct
answer. The car context does not seem to be a success in this item.

Which came first
There is one possibility that | cannot exclude. Maybe one important reason why
some students become skaters, is because of some skills that make them able to
see and understand different movements, able to better understand geometry.
Maybe there are different entrances to understanding mathematics. We know
by history that Pythagoras was a musician who focused on numbers and struc-
tures. Plato, on the other hand, was an athlete who focused on geometry. His aca-
demy was founded next to an athletics ground, and physical activity was a regu-
lar part of his students work.

Summary
In my test | found that the skaters chose correct answers to some mathematics
items at a lower frequency than thenskaters. The skaters performed a mathe-
matics test consisting of items from TIMSS and TIMSS-Repeat. More skaters
than nonskaters answered some items in the test correctly. These results could be
due to coincidence, but they also can be explained by the skaters’ physical
experience itmmesospace; in Russel Hanson's terminology seeing is a state of
experience.

My thesis is that the skatedsigh score at some of the items in the test is due
to the fact that they have learned some mathematics from their spare time
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activity- mathematics that they have not learned in the mathematics lessons at
school - mathematics that iRISA-words” is useful for constructive, concerned,
and reflective skaters.

Maybe the old Norwegian proverb “What you loose in your head, you have
got in your feet” needs to be rewritten into “What you’ve got in your feet, you
can get into your head, too.”
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Concept Maps as a Tool in Research on Student
Teachers’ Learning in Mathematics
and Mathematics Education

Barbro Grevholm
Kristianstad University and Luled University of Technology

Introduction

Longstanding work with mathematics in-service and pre-service teacher
education has stimulated my curiosity in how teacher students develop
concepts in mathematics and mathematics education. In 1996 a new teacher
education programme started in Kristianstad University for prospective
teachers in mathematics and science for school years 4-9. I had the oppor-
tunity to lead the work with creating the mathematics courses for this
programme (Grevholm, 1998). In doing this I built on all my future
knowledge and experience from teacher education. As a consequence I was
eager to follow the development of the education and its outcomes. I decided
to carry out a longitudinal research study and in this try to focus on teacher
students' conceptual development, as I had noticed how important this is for
the learning. Many other researchers have studied the conceptual development
in mathematics (for references see below) and pointed at its importance. In
Sweden no such study was conducted earlier.

It is complicated to do research on students' conceptual development as
the concepts an individual holds are not open to direct observation. They can
be studied only indirectly through actions, statements or answers given by the
individual student. Thus I started out to collect all data that could possibly
help me to observe students' conceptual development. Soon after I had started
the data collection, Joseph Novak came to visit our department. When he
heard about my study he tried to convince me that it should be productive to
use concept maps in the research. At the beginning I hesitated. From the
examples I saw of biological concepts it was obvious that objects and events
could be studied and observations formulated in knowledge propositions and
representted in concept maps. You could for example study a plant and
describe the development. But I did not find it possible to look at 'objects and
events', when it came to mathematics. All mathematical concepts are abstract.
It took me some time to reflect more closely on the differences between
concepts in science and in mathematics. After a while I came to the conclusion
that objects in mathematics can mean the mathematical objects like numbers,
shapes, equations, functions, and expressions and so on. And events can be
seen as the operations, processes, constructions or actions we take with these
objects. After this interpretation it became clear to me how useful the concept
maps could be also in my study. Based on experiences from the study, the use
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of concept maps as a tool for research on development of concepts is explored
and discussed in this paper.

The aim of this paper
In this paper I want to explore the use of concept maps in research. I will try to
answer the questions:

e Can concept maps as a tool in research contribute to our understanding of
students' conceptual development in mathematics?
e In what ways can concept maps be useful?

Theoretical background

Theories in mathematics education deal with phenomena such as meaningful
learning versus rote learning, conceptual knowledge or procedural knowledge,
mathematical phenomena seen as procedures or objects, and conceptual
change and development as an important part of learning (Ausubel, 1963,
2001; Hiebert and Lefevre, 1986; Sfard, 1991; Tall, 1994; Tall & Vinner,
1981). In several of these theories mathematical concepts and the development
of concepts are crucial. Both my own experience as a teacher educator and the
reading about studies on concept development convinced me of the impor-
tance of focussing on this phenomenon.

Knowledge construction is a complex product of the human capacity to
build meaning, cultural context, and evolutionary changes in relevant know-
ledge structures and tools for acquiring new knowledge according to Novak
(1993). Novak claims that concepts play a central role in both psychology of
learning and in epistemology. In his Human constructivism Novak (1993)
builds on Ausubel's assimilation theory of learning to describe the process by
which humans engage in meaningful learning. Two key ideas in assimilation
theory are progressive differentiation and integrative reconciliation. Novak
explains that as new concepts are linked nonarbitrarily to an individual's
cognitive structure progressive differentiation occurs. The integrative reconci-
liation occurs when groups of concepts are seen in new relationships.

Hiebert and Lefevre (1986) devoted much interest to the discussion of
conceptual and procedural knowledge. Conceptual knowledge is equated with
connected networks. Conceptual knowledge is knowledge that is rich in rela-
tionships. Procedural knowledge is a sequence of actions. Sfard’s reification
theory (1991) concerns mathematical phenomena seen as processes or as
objects. Tall (1994) discussed process and concept in mathematics and also
introduced the term procept as a combination of the two. In an often quoted
paper Tall and Vinner (1981) discussed concept image and concept definition.
They note that many concepts are not formally defined at all but we learn to
recognise them by experience and usage in appropriate contexts. After some
time the concept may be refined in its meaning and interpreted with increasing
subtlety. They continue:
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Usually in this process the concept is given a symbol or name which
enables it to be communicated and aids in its mental manipulation. But
the total cognitive structure which colours the meaning of the concept is
far greater than the evocation of a single symbol. It is more than any
mental picture, be it pictorial, symbolic or otherwise. During the mental
processes of recalling and manipulating a concept, many associated
processes are brought into play consciously and unconsciously affecting
usage and meaning (p. 152).

At this stage they introduce the term concept image to describe the total cognitive
structure that is associated with the concept. The concept image is personal and
changes when the person meets new stimuli and matures. Tall and Vinner (1981)
also make a difference between the formal concept definition (accepted by the
mathematical community) and the personal concept definition (the words the
student uses for his own explanation).

Other researchers have discussed the meaning and development of concepts.
Vollrath (1994) claimed that didactical discussions sooner or later end up in the
problem of what understanding a concept means. He claimed that the student
reaches stages of understanding and that there is no final understanding. Ausubel
(1963) contrasts meaningful learning to rote learning, where meaningful learning
results in the creation and assimilation of new knowledge structures. In many of
the theories there seems to be a continuum from lower quality learning to higher
quality learning, where higher quality often includes concept development. The
theories can be seen as different ways to model the quality of learning and how it
evolves.

What is a concept map?

Joseph Novak (Novak & Gowin, 1984) has introduced concept maps as a
cognitive tool and as a research tool. He first used concept maps as a tool for
researchers to catch the main content of answers in interviews. In his case the
researcher drew the maps in order to give a concentrated representation of what
the interviewee answered (Novak, 1998). The map is used for data reduction and
concentration of content. From his map below (Novak, 1998) can be seen how he
defines a concept and what he means by a concept map. In Novak’s maps it is
important that the map is built of knowledge propositions. The nodes that contain
concepts should be connected by linking words to form propositions, which
represent knowledge sentences. Normally the map is also hierarchical. The map
can be seen as a picture or image that the learner chooses to draw from what he
experiences as the mental representation of his knowledge.

In research literature many different sorts of concept maps have been
introduced (see for example Williams, 1998). A concept map differs from for
example a mind map, which is a looser construction and does not necessarily
show how the learner wants to draw his knowledge representation. A spider web
map has no hierarchical character. In this paper I use Novak’s definition of
concept and concept map.
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Novak (1998) describes a concept map in this drawing of a concept map:
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Research using concept maps as a tool

Williams (1998) used concept maps to assess the conceptual knowledge of func-
tion. She studied concept maps drawn by students and professors of mathematics
and compared them. Her dissertation was based on that work and she claims that
"Concept maps are a direct method of looking at the organization and structure of
an individual's knowledge..." (p. 414). This strong claim can be questioned and
she modifies herself in the conclusions. There she states (p. 420): "The degree to
which concept maps describe a person's mental representations is, of course,
impossible to know." But her final conclusions are important:

VENTS

OBJECTS

I

The analysis also provided information about students' understanding that
is not readily gained from traditional paper-and-pen tests. Concept maps
therefore, provide important information about conceptual understanding
and can play a useful role in the mathematics researcher's repertoire of
tools. (p. 420)

Novak and his colleagues used concept maps in many studies and argue strongly
for their potential in research and in learning (Novak, 1985, 1993, 1998).

In her master's research, conducted at Samoa University, Afamasaga-Fuatai
(1998) used concept maps. Her research shows that students found concept maps
useful in their learning and understanding of mathematics. It helped in systematic
analysis of a topic for the interconnections between relevant concepts and proce-
dures, and facilitated problem solving.
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Peuckert and Fischler (1999) used concept maps constructed by students to elicit
their conceptions and maps constructed by researchers to summarize all state-
ments made within each interview including students' maps.

There are many other studies available using concept maps in research, but
space restrictions for this paper prevents me from saying more about them here.
For references see Williams (1998), who found many studies using concept
maps, mainly in science didactics but also in mathematics didactics. Also
McGowen and Tall (1999) refer to a number of such studies.

The use of concept maps in my research study

There are many ways to use concept maps and Novak has written about the use
of maps as a tool for learning and research (1985, 1998). As a tool in research I
first used it in an a priori analysis (Artigue, 2002) of the expected learning of
students in their course. For example I drew a map of the concept fractions,
where I tried to include all the important features about fractions that I consider
crucial in the course the student teachers were going to take. The map has 25
nodes and 30 links and it is not possible to show it here for space reasons. Later,
after the students had answered a questionnaire about the course in number
theory, I used a concept map in the analysis for data reduction on the answers
about fractions. In the map I drew all alternative answers given by the students
and the links they proposed. In comparing my a priori map with the map
constructed by the students' answers I could see what parts of the expected
exposed learning that had taken place and not.

Another way I used the maps was to let students express their view of a
concept. | used this repeatedly over time to follow the conceptual development.
Below I will show some examples of the data it produced and discuss what
results one can get from it. In order to do that I need to say something short about
the study in which the maps were used.

The study in Kristianstad

The method used in the study drawn upon here is mainly qualitative investigation
of data from different types of documentation of students’ cognitive development
during a teacher preparation program. Concept maps are used as a tool both for
analysing the content of the teacher education to find the fundamental concepts,
to investigate students’ answers in questionnaires and interviews, and for the stu-
dents to express a picture of their current concept structure.

The overarching questions posed are phrased like this: How are the studies of
mathematics and mathematics education influencing student teachers’ develop-
ment of concepts in these areas? How do student teachers’ perceptions of and
attitudes to mathematics change during the education? What impact does the
development of concepts have for the learning outcome and for the students’
perception of their own learning?

The studied group consisted of 48 student teachers studying to become compul-
sory school teachers in mathematics and science for school years 4-9. I have
reported on this study elsewhere (Grevholm, 1999, 2000ab, in press, 2002,
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2003ab, 2004) and here I am only going to discuss the use of concept maps as a
tool in research.

The problem in focus in this paper
Students’ concepts are not open to direct study by the researcher. They have to
be observed in an indirect way and often only in fragments. Some researchers
argue that concepts should be studied through their appearance in students'
actions. This is however time-consuming and a difficult process. Here question-
naires were the first attempt to get an image of students’ conceptions, followed
by interviews based on the answers given. The impression was that far too little
of what students carry in their heads about the concept was revealed in this way.
I was convinced that students could reveal more to me about their concept image.
At this stage concept maps were introduced as the answer form for students. As
will be shown below a much richer material was retrieved in this way and
substantial knowledge about how students express their mental structures
through maps became available. By having students draw maps at several times
with long intervals the development over time of the structures could be studied.
With the examples below I want to illustrate that if concept maps are used as
a tool for research, the findings differ in a positive way from results from
questionnaires and interviews.

Examples of collected data

In the investigation an example of the outcome of the questionnaires could look
like this. To the question ‘What do you mean by a function?’ Lina, one of the
students, answered before and after the course in function theory (calculus):

1) — y is depending on how big x is. There is an infinite number of answers as
you can vary Xx.

2) — for example y=kx+m. y is here a function of x. So y is depending on the
x-value. You can illustrate a function graphically.

At both occasions Lina holds on to the idea that y is depending on x. In the first
answer she talks about answers to the function, which may indicate that she
perceives each calculation of the y-value as an answer to a problem. She cannot
see a function as an object (Sfard, 1991). In the second answer she gives an
example, the simplest possible function she has worked with, the linear function,
although in a general form. She also adds the information that one can illustrate a
function graphically. In the second answer she actually reveals more than in the
first answer.

Still both these answers give very little information about the mental repre-
sentation or concept image (Tall & Vinner, 1981) she has of the concept
function. I was convinced that the student could show me more of her knowledge
structures than these short sentences. At this stage of the research study I decided
to use concept maps as a form for students’ answers. The drawing of concept
maps was already familiar to the students from other subjects in their education.
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Still T was aware of the fact that it is very demanding to try to draw a concept
map of your own knowledge.

At the end of the course in calculus (five weeks in the sixth term of the 4.5
years long education programme) Lina together with one fellow student drew
this map of the concept function. The task given was to individually draw one
map of function and one of equation. As can be seen the students did not follow
the instructions. It is not an individual map and it is a map of both equation and
function in the same picture.

Rule or

instruction
for
calculation

Coordinate-|
system

Inequality
Solution/ Equality
solutions

Equation-
system
| Matrixes I
Straight
line

This map is consistent with Lina's answers in the questionnaires but contains
more. She mentions proportionality and rule or instruction for the calculation.

Nine months after the first map was drawn I met Lina again for an interview
and she had been asked to draw a second map without looking at the first one
(which resided with me). In the meantime Lina had studied other subjects than
mathematics and she had not worked with her mathematics in organised studies
at all. In spite of this it is obvious that her second map is richer than the first one.
It contains more concepts and more propositions.

She has removed the concepts straight line and proportionality and has added
on domain, range, the properties even or odd, graph, primitive function and
integral. In adding the properties she shows that progressive differentiation in her
concept picture has taken place (Novak, 1993). She removes variables and co-
ordinates and writes x and y instead. In the first map she talks about a rule of
instruction for calculation. In the second map she gives a definition instead. She
also explains that the same y-value can be related to different x-values. Still there
are several unclear links in her map. Why does she connect domain and range in
different ways? Why are x and y not connected to the box ‘a coordinate system’?

Although she did not study mathematics from March 99 to December 99,
changes in her concept map have taken place. What the map shows is probably

Coordinates

Variables}

F3, F6 9903
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knowledge that has been learnt in a meaningful way (Ausubel, 1963). Otherwise
it would have been forgotten and not retrievable after such a long time. Below
are the second and third maps drawn by Lina.
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The third map was drawn six months after the second one, again without access
to the first and second ones and without Lina having had any mathematics
studies in the meantime. Again the third map is still richer than the two earlier
ones.

In the third map she has linked range and domain to the definition of
function in a better structured way than before. This is an example of integrative
reconciliation in the concept structure (Novak, 1993). Instead of talking about
graphs she now mentions curves and gives a number of possible properties for
them. She adds table of values and links it to coordinate system and to this node
she also adds a third axis, the z-axis. She returns to linear function, which she had
in the first map (and excluded in the second) as straight line and explains how it
can be written as y=kx+m. She also explains the meaning of k and m. Another
example of progressive differentiation is that she in addition to linear function
also mentions other function classes as polynomial, rational, power, exponential
and trigonometric functions, and so on. Williams (1998) noted that the experts in
her study used a grouping that referred to classes of common types of functions,
mentioning terms as exponential, polynomial, trigonometric and logarithmic.
Thus here Lina's map has a feature that is typical for experts' maps.

Lina holds on to the nodes primitive function and integration and adds
differentiated. One link seems to be not so well expressed: Functions can be
solved graphically or...." It is not clear what she means here. It can be a mix up
with solutions of equations but it can also be that she is thinking of problem
solving with the aid of the graph of the function. This last proposition is an
example of the student's lack of professional language, which many of the maps
illustrate (Grevholm, 2004). While her second map has twelve nodes the third
one has 25, more than twice as many. It strongly illustrates the progressive
differentiation her function concept has undergone.

The maps were drawn over a period of 15 months where the student had no
teaching of mathematics. But the maps show that great changes happen never-
theless. It seems as if the conceptual structure, the concept image, that the student
is able to recall is getting richer as time goes by. One can of course argue that she
is learning through repeated drawing of maps. This argument does not hold as
can be seen by giving students the same mathematical problem again. There is
normally no or little improvement in results even if the student has solved the
problem once before. And the students did not keep the map that was once drawn
and so could not rehearse it before drawing a new one. Peuckert and Fischler
(1999) conclude that students' concept maps to a great extent contain coherently
used propositions and stand for those conceptions that are stable in different
contexts. They continue: "The way concept maps are used for investigation
within a set of other methods and as a tool for reconstruction and analysis of
conceptions seems to be applicable to other contexts of research.”

The example I show here is a typical one. The kind of development over time
shown in the example of Lina is not special in any way. The maps are very
individual, each student has her way of drawing and is true to the model and
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design. The language in the maps reveals much about the student's ability to use
the concepts involved in discussions (Grevholm, 2004). Lina's three concept
maps illustrates Vollrath's claim (1994) that "the student reaches stages of under-
standing and that there is no final understanding”. The conceptual structure
undergoes changes over time and is dynamical and time-dependent. The maps
indicate that we are dealing with a slow development and maybe as researchers
we are sometimes to eager and do not wait for the concept development to take
place and for the student to reach different stages?

Why are concepts maps rewarding as research tools?

What the researcher can learn about students’ concept development from answers
in a questionnaire and from the drawing of concept maps seems to be different.
The verbal answers give short, often one-dimensional answers while the concept
maps tends to give richer answers with more content and several dimensions of
the concept. Students are vague and not enough specific when they try to explain
verbally how they understand a concept.

The concept maps seem to reveal some properties of the concept develop-
ment that are of interest. What are the advantages of using concept maps as
answer form for students? From the example it is clear that the maps give the
student better opportunities to express her concept image. It obviously invites to
more multidimensional answers than a sentence which in its form is linear. The
written answer does not open for hierarchy or additional lines of thought in the
same way as the map. Knowledge that students express through a concept map
seems to be lasting.

The way I used maps to make an a priory analysis of intended learning and
then use another map to express students’ answers in propositions and compare
them has not been found in any other research report. To study concept develop-
ment over time maps have been used by several researchers. McGowen and Tall
(1999) traced students cognitive development throughout a mathematics course
by the use of concept maps at intervals during the course. They drew schematic
diagrams of the maps of each student in order to see how students build maps by
keeping some old elements, reorganising and introducing new elements. The
results show that high achieving students "can show a level of flexible thinking
building rich collages on anchoring concepts that develop in sophistication and
power. The low achievers however reveal few stable concepts with cognitive
collages that have few stable elements and leave the student with increasingly
desperate efforts to use learned routines in inflexible and often inappropriate
ways” (p. 287). Their findings are consistent with what I have shown. Also
Peuckert & Fischler (1999) used maps over time to follow conceptual develop-
ment and point to the value of the method. Thus it is obvious that concept maps
can be used as a tool in research and in different ways as has been described here.
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Concluding remarks

Obviously the problems that drive the research on student teachers' conceptual
development derive from my experience as a mathematics teacher educator and
originate from a desire to better understand the process during teacher education
and to improve teacher education in mathematics. Can this be achieved if we
know more about concept development? Can students experience more meaning-
ful learning if we use new knowledge on concept development? Novak (1993)
writes: "What remains to be demonstrated are the positive results that will occur
in schools or other educational settings when the best that we know about human
constructivism is applied widely. To my knowledge no school comes close to
wide-scale use of such practices, even though there are no financial or human
constraints that preclude this."

Can teacher educators design better learning situations for students when
they know more about the cognitive development of students? Improvement of
our knowledge on student teachers’ development of concepts during the educa-
tion might contribute in a constructive way to the redesign of teacher education.
At least in Kristianstad University the learning of the teacher educators from my
research study resulted in a development project which was highly appreciated
by the students and the teacher educators (Grevholm, 2003b; Grevholm &
Holmberg, 2004).
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A Case Study of Two Students' Belief Systems and
Goal Systems in a Conflict over Teaching Methods

Markku S. Hannula
Universtity of Helsinki

Abstract
This paper elaborates on goal systems and belief systems and aims at
providing an analytical tool for understanding change in beliefs and
attitudes. The theoretical framework is applied and tested in a case study
of two students who reacted differently in a situation when teaching was
not conducted in the way they had been used to. Conditions for change
will be discussed.

Introduction
Motive for many education researchers is change. How should we develop our
educational system? How can we change teaching in schools? How can we help
students learn more? And how can we change students’ beliefs? Beliefs as
obstacles for change have been discussed in (Pehkonen, 1999). Since 1996 | have
been trying to understand how students' attitudes and beliefs change, and how
their teacher can initiate and direct such changes. My approach has been to focus
on a small group of students, and to try to understand, in depth, their beliefs and
attitudes and the changes that take place (e.g. Hannula, 1997; 1998a, 1998b,
2000). Through thosease-studies it became evident that emotions have a central
role in the process of change. Furthermore, as emotions relate to goal-directed
behaviour, motivation became an issue of importance. In a nutshell: what stu-
dents want, has a strong influence on their experiences - and what they expe-
rience influences their beliefs. In this paper | shall analyse two students' beliefs
and behaviour in a classroom and try to understand why they experienced the
same classroom differently and why their reactions to teaching were different.

The theoretical background will combine belief systems with motivation and
goal structures. Connections between these two systems will be explored. After
this theoretical background the case studies of Anna and Eva will be analysed.

Belief systems

There is no general agreement on how to define or characterize beliefs or beliefs
systems Euringhetti & Pehkonen, 1999). Therefore it is necessary to define how
beliefs are understood in this paper. The reader should be aware, that other
researchers might use same terminology with other meanings behind words. In
present view belief systems are divided into three kinds of elements: beliefs,
values, and emotions. Beliefs are purely cognitive, the personal knowledge con-
cerning objects (e.g. mathematics), agents (e.g. self), and events (e.g. failure). An
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important aspect of beliefs are expectations that one has in different situations.
Values are also a cognitive element, but of different kind. Values are the
subjective evaluations of different objects, agents, and events. Whereas beliefs
have atruth value, values are essentially normative and can not be true or false.
Emotions are the 'affective colouring' of different objects, agents, and events.
Objects, agents, and events always associate to emotions, which, however, can be
of low intensity or completely neutral. Note, however, that there are also
situational emotions that do not relate to belief systems directly. Instead, they
regulate goal-directed behaviour. Associated emotions are automations of situa-
tional emotions; they are faster but less adaptable to situational variation. The
complex issue of emotions is elaborated more deeply elsewHarela,
submitted).

Goal systems

Motivation is the answer to the question why people do what they do. In the
literature (e.g. Ryan & Deci, 2000) one important approach to motivation has
been to distinguish between intrinsic and extrinsic motivation. Another approach
to motivation has been to distinguish three motivational orientations in educa-
tional settings: mastery orientation, performance orientation, and avoidance
orientation (e.gLinnenbrink & Pintrich, 2000).

In this paper motivation is conceptualised through a structure of needs, goals
and means (Shah &ruglanski, 2000). Needs are seen as stable psychological
constructs, such as autonomy (a need to self-determine own actions) and social
needs. Actions can be seen as means to fulfil needs. As part of child's develop-
ment a complex network of goals and sub-goals evolves between needs and
means. Goals may serve multiple needs, and the same goal may serve multiple
needs. Furthermore, goals may be in a conflict, i.e. reaching one goal could
prevent one from reaching another goal. The relationship between goals and sub-
goals is similarto the relationship between needs and goals. There may be
several layers of sub-goals, but, in the end, there are means that one sees as
leading through sub-goals and goals to the fulfiiment of needs. In some cases the
connection between needs and means may be quite skoplexample, hunger
(a need) can be fulfilled by eating (a mean).

In the context of mathematics education | will look at two kinds of needs: 1)
student's need for autonomy, and 2) students social needs (Figure 1). The need
for autonomy can be served by mainly two goals: understanding and perfor-
mance. Understanding mathematics gives power to learn mathematics more inde-
pendently. Furthermore, mathematical thinking can be a powerful tool also
outside mathematics class. Performance in mathematics, on the other hand, is
required for many career choices.
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Figure 1. Relationships between goal system and belief system in the
context of mathematics education

Social needs in mathematics class are served mainly by two goals: performance
and intimacy. Performance in mathematics is one way to gain status in the class;
it is a proof of smartness. Hence, low achievers often try to attribute their failures
to another, more acceptable cause, such as lack of effort. Social needs can be
served also through intimacy. Intimacy in mathematics classroom means collabo-
ration with teacher or peers in the spirit of empathy and understanding. This
intimacy may take place around mathematical ideas, but off-task socialising may
serve the goal equally well.

Students' different goals in mathematics class lead them to apply different
means. Goal of performance may lead to more surface strategies for learning than
the goal of understanding. Social 'power game' may also impair group work,
while goals of intimacy and understanding may promote productive collabo-
ration. In (Hannula, 2001) there are examples of how students’ different goals
influence their co-operative problem solving process.

There are several connections between goal systems and belief systems. The
most fundamental connection to my understanding is the values one gives for
different needs. From these values other values are derived. People have personal
beliefs (expectations) about which goals are accessible, which means will lead to
which goals, and which goals serve their needs. Situational emotions have an
important role in regulating human behaviour towards desired goals. However,
the automatic, associated emotions that are part of the belief system, may prevent
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flexible development of goal structure. For example, if the use of own methods
was not accepted in primary school, those might have become associated with
negative emotions. Consequently, it would be unpleasant for the student to start
developing own methods later.

M ethodology

The present paper part is of a research project focused on the development of
Finnish lower secondary school pupils' beliefs about, and attitudes towards
mathematics (grades 7 to 9) (Pehkonen, 1999). This study is a qualitative one,
done with ethnographic approach. | was a participating observer, working in a
school as a teacher. The setting could be called 'researcher as a teacher'. This is
also action research, because | had a deliberate intention to promote certain
beliefs and attitudes in my class. Mainly two data gathering methods, field notes
and interviews, were used. Quotes from field notes are marked with a date at the
end (14.10.)Eight pupils were interviewed in two groups in December (I11) and
the two focus students of this study again in January (12).

This article will focus on the stories of Anna and Eva. Anna and Eva did
equally well in tests, but their experiences in the class were different. | have
chosen which parts of the material to exclude and which to include, but | hope
that the voice you hear is of those pupils, not mine. I try to interpret the pupils'
stories with the presented model. Elsewheéftanfiula, 1998b) | have presented
stories of this situation in more detail from three points of view: my own as a
teacher, Anna’s, and Eva’s. Then the framework used to analyse the episodes
was also different.

Context of events

| began to teach mathematics for this class at seventh grade, which is the first
grade at lower secondary school. | tried to imply a gender inclusive teaching and
guidelines for teaching were group-work and discovery learning. | also wanted to

create a truly democratic classroom climate and restrict the role of the teacher to
facilitating students' work. Thus, the teaching was different from students' expec-

tations.

In the beginning things went fine. Later on, it turned out that pupils had
difficulties, too. There became more and more criticism in the classroom. 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.). Reflecting my teaching | had to confess, that the implementation of
ideas was not properly done. As a young teacher | had had an idealistic picture of
the pupils’ skills and motivation. After some changes in teaching the atmosphere
become better. Some pupils, however, kept a strongly critical approach, which
caused problems for the whole class.

The case of Anna
Anna, the first focus student, describes her experiences as follows:
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At first | was so irritated. Well, | mean, at the very beginning it was
really nice, since from the first mathematics lesson | noticed, that some-
how, at lower grade it was so strict, it was somehow such a relief that |
no longer needed to strain in math class. [ ] And then, after a while, some
couple of weeks, it started to annoy me that we didn't learn anything.
Well, it must have depended from my own attitude most, and | began to
feel pissed off, and | abused you and | abused all the others and | only
used bad language in the class, and | didn't get anything done. [ ] So |
changed my attitude. | thought that it doesn't reelgthing, that you
shall be our teacher anyway and so on. So then | changed my attitude,
and decided to study more myself. (12)

Field notes confirm the process. | had at least two notes on Anna and Helena
solving problems in good collaboration (21.8. and 9.9) and one note (13.11.),
where Anna's group didn't do the assigned task. Later, she actually began to
defend me against the criticism in the class. When Eva is complaining that she
doesn't learn, Anna replies to helt depends a bit on ones own attitude too”.
(10.1)

To understand better her behaviour, let's look at her experiences in the
primary school:

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 {highest} in all tests,
she wouldn't give you more than an eight in school report if you don't
keep your hand up to almost all tasks and be otherwise active, too. [ ] But
it was so dry, somehow, the teaching in primary school [ ]. We always
went exactly according to the bodR. First it was taught in theory all
that, and then there wasn't much else, no project works or anything like
that. That left me 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, 'coz one always
strained somehow awfully. (12)

We can now summarise Anna's story. She believed that the teacher ought to
control learning She expected learning of mathematics to be dry, difficult, and
strenuous. When this was not the case, she felt a relief. Later, she became angry,
because she was not approaching her learning goal. However, she did not expect
change in teaching, and, furthermore, she felt guilt for her misbehaviour in the
class. Thus she decided to change her ‘attitude’ and so she took a more active
role in her own learning.

The case of Eva
Eva was the other focus student. Her experiences were quite different:

[W]hen we began or when we came to school, | did try to participate in
the very beginning, [ ] | asked you some advice and you walked away
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and said, "Ask your group". | didn't know them. For sure | dare ask them.
And | thought that | am the only one not to understand anythingo it

just stayed that way, and | had to be silent because | was so stupid, 'coz |
don't understand it and all the others do. And so began my attitude. So, if
you had helped me better in the beginning, | could be somewhat more
eager in mathematics.

For Eva, her social context had a strong influence on how she experienced class:

| try to [study well] at the beginning of every lesson, but then | am
disturbed so it annoys me. Well, | don't know, ‘coz at the beginning of
every lesson | try. Today | went to sit alone. Then Paula comes next to
me. And then Ursula comes there close and | can't be calm. | just can't
be. (12)

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

That gave me ardour. It was really fun to do the pair work. (12)

When we take a look at her primary school experiences, we can feel the safeness
she remembered from those days:

And | remember the one lesson, when there were girls from our class,
and we just chatted and told whether we shall marry some rich man.
{Laughter} [ ] We had a teacher [ ], who taught so well, that everyone
got excellent marks. (11)

However, her view of mathematics learning was narrow:

I want normal mathematics. [] So that first we do the new thing for the
lesson. And then that is asked from everyone in a row. Then you give
pages and everyone counts and asks the teacher if something is wrong.
(11)

[Better in mathematics are those] who have a goednory. [] They

have followed the lesson more carefully. (12)

Eva's prior experiences from home were unpleasant:

... | mean my mother doesn't... Mother doesn't... Well, mother doesn't. [ ]
If she starts to help me and | don't understand something, then [she
would say] "Why can't you now understand tiisk yak yak!" (12)

Summarising Eva’s story, we can say that her view of learning was to memorise
what the teacher has said. She is uncertain and anxious about peer reactions. She
was ashamed not to understand, and tried to hide it. Later she joined other
students in blaming the teacher.
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Conclusions

When we compare these two students, we see similarities and differences in their
belief systems and goal systems. Originally, they both had similar beliefs about
teacher as the controller of learning. Furthermore, Anna expected learning to be
dry and difficult whereas Eva thought that it would be easy. Hence, their initial
reactions were different. This led to different ‘affective colourings’ of mathema-
tics lessons. Of these two students, Anna had somewhat higher self-confidence
(expectations about self) in mathematics and learning goal was more important
for her. Furthermore, Eva associated lack of understanding with shame.

We must recognize that the presented data and even the full data available
for the researcher will always leave room for multiple interpretations. However,
we shall now try to conclude from the theoretical framework and this case study
some possible conditions for a change in behaviour. First, there must be a goal
(learning mathematics) that is not accessible by old means (listen to the teacher).
Other means (self-directed learning) must be available. One must believe that the
goal is accessible by the new means (self-confidence). One possible obstacle is
emotionalassociations with the new means (ashamed of need for help). Another
possible obstacle is conflicting goals (behave like friends), which has higher
value for the individual.
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From Vincenzo Viviani to Paul Erdos

TundeKéntor
University ofDebrecen, Hungary

In our school practice it is very important to work out mathematical problem
fields for secondary school pupils. We have to raise the pupils' interest in the
classroom too. Our main viewpoint is to enrich the teaching of mathematics with
historical aspects. The history of mathematics confirms human values (success,
pleasure, self realisation, social aspects, cultural values). We want to acquaint our
pupils with the Curriculum Vitae of famous mathematical people (Viviani,
Erdos,Mordell) and with their mathematical works and results.

We focused our teaching on heuristic work of the pupils themsleves, we
formulated the posed problems as open problems (What happens, if ...? What
can you formulate? What is your conjecture? How can you vary the conditions,
the concepts, the way of the proof?). So pupils can participate in creation of their
own mathematical ideas. We have chosen our topic from the geometry of
triangles: Viviani's theorem and its generalizations.

Viviani's theorem

For a pointP inside an equilateral triangkBC the sum of the lengths of the
perpendicularsl;, d,, d; from the pointP to the sides is equal to the altitude

We formulatedviviani's theorem in an open form:

Problem 1

Let be given an equilateral triangheBC and a pointP inside triangle

ABC. What is the suns, of the distances from the poiRtto the three

sides? ¢,= d;+d,+d,).
At first we allowed to the pupils to draw, to measure, to construct their conjec-
ture and after that to prove it theoretically. We hoped that the pupils would
recognize:

a) the value of, (i.e.s, is constant, os,= h = 1/2a V3, whereh denotes the
length of the altitude of the equilateral trianglBC, anda is the length of
its side)

b) the sums, is independent from the position of the interior péint
Our pupils choose two ways for solving Problem 1.

Way 1

The base of the proof was, that we can write the area of the equilateral triangle
ABC as a sum of the areas of the triangBP, triangle ACP, triangleBCP.

Some pupils made a qualitative proof, they showeslls the other pupils made
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a quantitative proof, they showed, tisat= 1/2 av3. (Figure 1) | found that the
pupils (aged 14-16) prefer the quantitative version of the proof.

Way 2

We draw parallel lines to the sidés, AB, CB through the poinP. We get 3
parallelograms and 3 small triangles. We can give the altitude of the triangle
ABC by the help of the altitudes of the small triangles. (Figure 2)

¢ X

72

Fige?

We started with thigvellknown property of the equilateral triangle and we varied

- the placement of the poiRt(inside, outside, on a side, on the extension of
a side of the equilateral triangd3C)
- the shape of the triangle (equilateral, isosceles, scalene).

We generalized

- the shape of a regular triangkeduraln-gon)

- the dimension of the equilateral and scalene triangle, we stepped out of the
plane and went over to space (regular tetrahedron, generalized inequality
of Erdés-Mordell)

The scale of the problems was very wide, from simple exercises (aged 13-14)
through contest problems (aged 14-18) to scientific theorems (theorerdds-
Mordell, Barrow's theorem, inequality of Kazarinoff (aged 16-19).

Viviani's theorem is convenient for derivation of a problem field, to built new
concepts, to generalize theorems and to investigate converse problems too. There
are easier questions for investigation in classroom, but there are harder problems
aimed at advanced pupils. Our next question was:

What happens if in the equilateral triangi®C the pointP is not located
inside the triangle? We got different options for the locating of the poarid
formulated new problems.

Problem 2
What happens if in the equilateral trianglBC the pointP is on a side of
the triangleABC, with the sum of the distanc@go the two sides?
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It was obvious, that,= d;+d,= h. Both of the two ways are good for proving.

Problem 3
What happens if in the equilateral triangl®C the pointP lies on the
extension of a side of trianghkBC?

Their conjecture was that=d,-d; or s,=d;-d,. The result surprised them, but we
could unify the two values by the help of absolute vafirehE |d;-d,|) then we
summarized thati=k,d,+k, d,, wherek;=1 andk,= -1 ork;= -1 andk,=1.

Problem 4

Let be given an equilateral triangdBC and a poinP in the exterior of
the triangleABC. How can we give the length of the altitude h by the help
of the distances from the poiRtto the three sidelines?

Solving Problem 4 seemed to be a little bit complicated. They found different
locations of the poinP and got different results for the linear combinations
ki di+kodo+kads=h (ki k: k= #1). (Figure 3, Figure 4)

We made the proof by the help of the Way [, with counting the areas of the
proper triangles. The pupils recognized that the coefficigritgks; are equal to

+ 1, depending on the location of the pdmbut at first they did not know which

of the distances will be positive or negative. Their conjecture was that the
determining factor is whether the foot of the perpendicular intersects a side of a
triangle or whether it intersects the extension of the side. But it was easy to show
that this conjecture is not true.

By looking at the figures and rethinking the various cases they found that the
sign of the distance in the linear combination is based on the relative position of
the side to which its perpendicular is drawn and the vertex opposite that side
(barycentric coordinates).

We could summarize:
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Let triangleA;AA; be an equilateral triangle with altituthe Denote bya; the
side opposite verteY, (i = 1,2,3). If P is any point in the plane of the triangle
AAA; with d; (i=1,2,3) equal to the perpendicular distafcto a; (i=1,2,3), or
its extension, thek,d, +k,d,+ksd;=h, wherek=1 if P andA, are on the same side
of the line containingy, or if P is ona, k= -1 if P andA, are on opposite sides of
the line containingy (i=1,2,3).

If we follow the Way 2 in the proof dfiviani's theorem we get a new result.

Problem 5

Let be given an equilateral triangdBC and a poinP inside of triangle
ABC. If we draw parallels through the poiRtto the sides, then these
parallels cut out 3 segments from the trian@BC. Is the sum of these 3
segments constanf@,+d,+d;=2a).

The segments make an angle of &0the proper side of the equilateral triangle.
With the variation of the angle we get the Problem 6.

Problem 6

Let be given an equilateral triangheBC and a poinP inside triangle
ABC. We draw segments through the interior pdtntThese segments
make the same angle with the proper sides of the triangle. What can we
say about the sum of these segmergs@opistant)

From this point on, we made our investigations in another direction. We genera-
lised the shape of the equilateral triangle, we generalized Problem 2.

Problem 7

What can we say about the s if the pointP is on the base of the
isosceles triangled{+d,=constant = 2 a wherea is the length of the
two equal sides).

Here we raised the question of the converse theorem: Which of the discussed
problems have a true converse theorem? Can we invert Viviani's theorem? The
answer is yes. Viviani's theorem has a converse theorem, and we can prove it
different ways. Problem 7 is also reversible. We continued our investigations in
the direction of the regulargons.

Problem 8

Let be given a regulargon f=4) and a poinP inside of it. What can we
say about the sum, of the distances from the poiRtto the sides of the
n-gons?

The first step was to change the form of the regular triangle to regular 4-gon
(square), regular 5-gon, regular 6-gon (etc.), reguigons (=4). For solving

these problems we need the results of the Problems 1-4. We raised the question
of converse theorem, but it was easy to find, e.g. in the case of the convex 4-gon,
a counter-example: If we take a rectanBCD (d,g = dgo), We immediately can

see that for arbitrary interior poift of the rectangleABCD the sum of the
distances from the poift to the sides of the rectangle is constant and it is equal
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to the sum of the lengths of its two different sides. At the normal high school
level we can exten¥iviani's theorem to space and we can formulate a similar
theorem for regular tetrahedron.

Problem 9

Let be given a regular tetrahedrABCD and a poinP inside it. Find the
sums, of the distances from the poiRtto the four faces. Is the sum s
independent from the position of the interior pdat

The proof of the Problem 9 is similar to Way 1 in the plane. We use the fact that
the volume of the regular tetrahedron is equal to the sum of the volumes of the
tetrahedrdPABC, PABD, PACD, PCDB, and the valus, is constant and equal

to the length of the tetrahedron's altitudgsi).

We formulated the converse theorem too. The pupils were convinced that it
will be true. Their concept was false, the converse theorem of Problem 9., is not
true. From the surd,+d,+d,+d,=h=3V/A? follows only the equality of the areas
of triangle ABC, triangleABD, triangleACD, triangleBCD, i.e. the tetrahedron
ABCD is not regular, only its faces have equal aresaguifaced tetrahedron).

The other parts of the problem field diviani's theorem are difficult. At the
advanced high school level or at the University in courses of elementary
mathematics we can deal with the theorenkEfts-Mordell, Barrow's theorem
(scalene triangle), with the generalization of Problem 9. to the outsideRoint
and with the generalized inequality &fdds-Mordell for the tetrahedron.

Problem 10 (inequality of Erdés-Mordell)

If P is any point inside or on the boundary of a triafgBC, and ifd,, d,,

d; are the distances from poift to the sides of the triangle, then
Upatdpgtdpc22(d;+d,+ds3), with equality of and only if triangl&BC is
equilateral and the poiftis itscircumcenter.

The first proof of the Erdds-Mordell inequality was published in the Hungarian
KoMaL (1935) by Professadviordell. In 1937 The American Monthly published
two proofs by Professor Mordell and by D.R. Barrow, but neither proof was
elementary. More recently D.Kazarinoff found an elementary proof, which is
based upon the idea of reflection. Barrow proved a generalized form of the
Erd_s-Mordell inequality, which follows from Barrow's theorem as a special
case.

Problem 11 (Barrow's theorem)

Let the pointP be an arbitrary interior point of the triangd8C. Prove
thatdpstdpg +dpc = 2(dba +dpg +dpc), WhereA', B', C'are the intersection
point of the bisectors of the anglB®C, CPA, ABC with the sidesBC,
CA, AB of the triangleABC.

The proofs of these problems we find in several Hungarian books. The proofs
require only elementary knowledge, but the methods are very miscellaneous
(principle of reflection, use of the congruent transformations, computation of

areas, trigonometric connections).
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The Erdtds Mordell inequality has also a generalization.

Problem 12
Let the pointP be an arbitrary interior point of the tetrahedBCD.
Prove that
dpptdpgtdpctdpp> 2V2(dpp +dpg +dc +dpp), WhereA', B', C', D' are the
perpendicular projections of the poftto the plane8CD, CDA, DAB,
ABC.

Problem 12 is a generalization of Problem 10. We found that the value of the
coefficient in the plane was 2, so we expect that the value of the coefficient in the
space will be 3. But this is not true. D. Kazarinoff constructed an orthogonal
tetrahedron with the coefficient/2.

Problem 13

The tetrahedroMBCD is equifaced and the poiRtis an interior point of
the tetrahedrolABCD. Prove thatds,+dpgtdpctdpp=3(d+d,+dg+d,),
whered, (i=1,2,3,4) are the distancesPfo the faces of the tetrahedron.
In the case of the equality the tetrahed®®CD is regular and the point
P is the centre of its circumscribed sphere.

Contests problems

Viviani's theorem and its variants are popular at high school contests. | collected
some of them (aged 13-18). If we prepare our pupils for the contests, we have to
solve these problems with them.

Problem 14
Let be given an equilateral triangle and a pérnnside of triangleABC. We
denote the feet of perpendiculars from the pBit the side#\B, BC, CA by D,

E, F. Prove that the value of the fractiow is independent of the

BC+AC+AB
situation of the poinP. (aged 14)

Problem 15

The length of the sides of an equilateral triangle is 5. Let us draw parallels
through the interior poin® to the sides. For which point / poirfeswill

the sum of these parallel segments be maximal? (aged 13)

Problem 16

There is given an equilateral triangle and a pBiimside of the triangle.

The feet of the perpendiculars to the sides divide each side into two
segments. Prove that the sum of the non-joint 3 segments is independent
of the location of the poirR. (aged 15-16)

Problem 17
The pointP is an interior point of the equilateral triangd&C. The feet
of the perpendiculars from poiRtto the side8C, CA, AB areA,, B,, C,.
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Prove that the sum of the areas of the triangle€,, BPA,, CPB, is
independent of the location of the interior pdmn{aged 16-17)

Problem 18

The pointP is an interior point of a regular tetrahedron. From this g®int

we draw perpendiculars to the plane of the base-face of the regular
tetrahedron. These perpendiculars intersect the plane of the face-sides at
the pointX, Y, Z. Prove that the sum.y+dp+dp; is independent of the
interior point's location. (aged 17-18)

Which are the benefits of using historical problems?

We can show the continuity of mathematical concepts and processes over
past centuries

We motivate the learning process in the classroom, because our pupils
deal with problems which centuries ago were objects of investigation.
These problems allow the pupils to touch ancient and recent past.

Pupils connect mathematics to various cultures and other intellectual
developments in sciences

We need to bring biographies into the mathematics classroom. The life
story of mathematical people often encourages talented pupils and fill
them with emotions. They think and believe that if they can solve
problems posed by famous mathematicians in their youth - as Paul Erdos
in Hungary - may be later they will become such great mathematicians as
P. Erd6s was. It is nice for them to realize that they are part of history.
Some mathematicians have interesting lies §/. Viviani, G. Galilei, P.
Erd6s) and it is good to know interesting things.

We often can learn from the mathematical mistakes and the unsolved
problems of the past.

| think it is necessary to share my knowledge about the panorama and people of
mathematics with my pupils and students at the university. Besides the mathema-
tical discussion of the selected problem field we can deal with other mathema-
tical results of Viviani (tangent to a cycloid, four windows problem, so called
Florentine problem, trisection of an angle by using an equilateral hyperbola,
Viviani's curve), or we can analyse the history of Galilei's time (physics, philo-
sophy, inquisition).

In connection with the activity of FErdds we can investigate other nice
problems posed by Erdos, or problems from the old series of the Hungarian High
School Mathematics and Physics Jourik@NlaL). May be we read some book

about

the "travelling ambassador of mathematics" or we look at a videotape

dealing with him.
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Different Aspects of Mathematical Knowledge
Assessed in National Tests in Secondary Schools

Katarina Kjellstrom, Gunilla Olofsson
Stockholm Institute of Education, Sweden

Abstract

When you work with assessmentn mathematicsyou find that
mathematic is a subject of many dimensi®essidesthe mathematical
content you can look at the matematical process students’level of
achievement. In this paper we describe g how we developedan
Assessmentatrix, which focuseson different aspectsof knowledge
basedon the syllibi in mathematics.The matrix is a part of the
assessment/scoring guide for more extensive items inatienal tests
in mathematics.

Background

In Sweden there is nexternalexaminationwhen the studentsleavesecondary
or upper secondaryschool. The teachersdo all the assessingand grading.
Gradesare awardedon a three-gradescalefrom the eighth year of schooling
onwards. The grades are Pass,Passwith distinction and Passwith special
distinction. In the upper secondaryschool the grade Fail is added and the

students in upper secondary school receive a grade in every courggatey
is criterion referenced and goal related; i.e. the grades relate students’
knowledgeand achievementgo the goalssetin the syllabus.To supportthe

teachers’awardingof gradeswe have nationaltestsin mathematicsat the end

of year9 and at the end of every coursein the upper secondaryschool. The

purpose of havingnationaltestsis alsoto creategroundsfor assessmerthat is

as unified as possible across the country.

The PRIM-group at the Stockholm Institute of Educationin Swedenis a
researchgroup that conductsits researchwithin the areaof Assessmenbf
knowledge.The PRIM-group hasbeencommissionedy the National Agency
for Education to construct national tests in Mathematics. Presgathre deve-
loping a seriesof various assessmenand evaluation instrumentswithin the
mathematical area as well as in other areas.

The starting point for the construction afestis the view of knowledgein
the curriculum, the view of the subjectin the syllabusand the criteria of the
different grades. The emphasis should lie on understanding, analysiscotitiee
solution process, critical examination of the resultsyels asthe ability to draw
conclusions, which according to the curriculum are nimqgortantthan isolated
training of skKills.
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The test set is made up of several diffeqgatisin orderto give the studentsan
opportunity to show as many sidesof their competenciesn mathematicsas
possible. We try to make our tests as balanced as possible with dikedsof
items in a variety of contexts and a range of responseformats. This paper
howeveronly discussehow we assess/markiore extensiveitems.In all natio-
nal tests there iat leastone more extensiveitem that sometimess basedon an
authentic context.

This item is distinguishedby that it assessesnore than other items, the
students’ ability to do independent wolhe creative,show the ability to syste-
matise form mathematicateasoningcreatemathematicamodels,formulate and
testassumptionsaswell asdraw conclusionslt shall be possibleto assesghe
students’completesolution on different qualitativelevels.A demandfor these
items is to give all students the opportunity to start on a solution, but séartie
time the item shall be so challengingthat a solution can show quality on the
highest-grade level. The intention is that the students shums@80-50 minutes
to work with this item.

This kind of items was first used wasthre nationaltestsin 1995andin the
assessment guidelines the teachers were told to make a holistic assessheent of
students’ work. To help the teacherassessand gradetherewere descriptions
of students’work at differentachievementevel aswell as authenticstudents’
work assessed and graded by researchers and a group of teachers.

On the next pagewe presentan item from the nationaltest for courseA in
the uppersecondaryschool.CourseA, which is compulsoryis the first mathe-
matics course in upper secondary school. This item was used in Mayj2&Go,
few weeks before the opening of the Oresbridge and the informationabout
the fares was given in many Swedish newspapers.

Text for next page:*

«» Preparethe work by doing calculations and/or diagrams which can
help you to quickly suggestthe cheapestalternativefor different car
travellers for example:

¢ the traveller who for pleasure goes across only occasionally

» the shopping traveller, who regularly goes across for shopping

» the commuter who lives iMalmd but hashis/herwork on the other side

of Oresund.

< Explore also how manjourneysa monthor per six monthsyou haveto
do to make the Oresundspendler agreement profitable.

! ©Skolverket
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By car across the Oresund bridge

It will cost moneyto go by car acrossthe Oresundbridge. The traveller may
choosebetweenseveraldifferent alternativesto pay the toll fee. Thesehave
been created to fit all types of travellers.

Information about car fares across the Oresund bridge

Normal price

The normal price for a one way journey by private car is 275 SEK
(Swedish crowns) but there are tdifferent possibilitiesto get a lower
price.

Oresundsbonus
With an Oresund bonus agreement it gets cheapécheaperafter the
first four one way journeys.

Price step:
>
()
£ 275 SEk
>
L
@
3 150 SEKk
2 100 SEk
a
1-4 5-24 From 25 Number of journeys
one way one way one way per 6 months
journeys journeys journeys

The agreements valid for an unlimited numberof journeys during a
period of six monthsAt the end of the period one staagainand pays
the normal price for the first four journeys.

Oresundspendlare

The Oresundspendlaremay sign a monthly agreement It costs
4 080 SEKfor a private car per monthand includesup to 50 one way
journeys.

Nothing extra is chargedfor signing an agreement.The depositone
paysfor the “Brobizz” (the electronicidentity card)is refundedwhen
the card is returned.

Exercises

Imagine, that you have got a holiday work in an information atdte Oresund
bridge. There you are tieelp travellersto interpretthe information (seepage2)
and you must also be able to suggest the cheapest payment alternative.
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The development of the assessment matrix

We havea long tradition of teacher-assessethtionaltestsin Swedenandthe
teachersare usedto detailedassessment/scoringuides. The holistic way of
assessingtudents’performanceurnedout to be difficult for the teachersaand
someof themfound it subjectiveand not fair to their students.According to
researchperformance-baseiems are lessreliably markedif they are marked
holistically than if they have a structured analytic marking guide (Gipps, 1994).

We started looking for other assessmeninodels than holistic ones and
found among others analytic scoring scales. Analytic scoring is particularly
usefulin assessingtudents’ problem-solvingefforts. When you use analytic
scoring you look at the different phasesin problem solving such as
understandinghe problem, planning the solution and getting an answer.An
analytic scoring scale also includes specific criteria for awarding paréidit for
each phase.

Communication,which is very important in our grading criteria, is not
includedin analytic scoring.In the book Mathematicsassessmerand evalua-
tion editedby ThomasRomberg,we found anotherway of assessingroblem
solving in Vermont's work with assessingortfolios (Romberg,1992). In this
assessmerthey use four different aspectsof problem-solvingskills and three
aspectsof communicationskills. The aspectsare organisedin a matrix with
descriptions ofour different quality levelsfor eachaspect.This matrix wasthe
starting point for the development of our matrix.

We organisedthe different aspectsof the problem-solvingprocessaccor-
ding to our syllabin mathematicsnd the gradingcriteria. The problem-solving
skills were divided into comprehensionand accomplishmentThe communi-
cation skills were divided into mathematicallanguageand clarity of presen-
tation. The quality levels werescribedn threelevelsaccordingto the criteria
for different grades. One of the purposes of the assessment (satnext page)
was also that it would be possibleto use it independentlyof mathematical
content and in different courses.

Testsmust be scoredfairly and in a way the studentsunderstand(Gipps,
1994). The purposeof the matrix is also to show the studentsthe different
aspectof knowledgethat can be assessedswell asto describethe different
qualitative levelswithin eachknowledge aspect.The studentsas well as their
teacherscan find the assessmentnatrix at our homepage(www.lhs.se/prim/)
alongwith authenticstudents’work assessedavith the supportof the matrix.
Seefurther Kjellstrém and Petterssor{1995) and Kjellstrém (1996,1999, 2000)
for our developmental work.
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Assessment matrix

Problem solving capability

Comprehension and method

The assessment concerii® whatdegreethe studentshowsan understanding
of the problem. What strategy/methodthe student choosesto solve the

problem?To what extent the student reflects on, and analysesthe chosen
strategy and the result. The quality of the studesdisclusions What concepts
and generalisations does the student use?

Accomplishment

The assessmentoncerns: How completeand how well the student works

through the chosenmethod,makesnecessarycalculationsand motivatesthe

working.

Communication capability
M athematical language and/or representation
The assessmentoncerns: How well the student uses mathematicallanguage
and representation (symbolic language, graphs, illustrations, tables and

diagrams).

Clarity of presentation
The assessmentoncerns:How clear, distinct and completethe work of the
student is. To what extent the solution is possible to follow.

Qualitative levels

Comprehension
and method

Shows some
understanding of
the problem,
choosesa strategy,
which functions
only partially.

Understands the
problem almost
completely,
choosesa strategyj
which functions
and shows some
reflective thinking.

Understands the
problem,choosesf
possible a general
strategy and
analyses one’s
own solution.

Accomplishment

Works through
only parts of the
problem or shows
weaknesses in
procedures and

Shows knowledge
aboutmethodsbut
may make minor
mistakes.

Uses relevant
methods correctly.

methods.
M athematical Poor and Acceptable but Correct and
language and/or | occasionally with some appropriate.
representation wrong. shortages.

Clarity of

Presentation

Possible to follow
in partsor includes
only parts of the
problem.

Mostly clear and
distinct but might
be meagre.

Well structured,
complete and cleal
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Further development of the assessment matrix

After thefirst test,in which the Assessmentnatrix was used,we evaluatedthe
teachers’ opinion in a teacher questionnaire. Hathefteachersansweredthat

the matrix facilitatesthe assessmerdnd that it was fairer to the studentsthan
holistic assessmenMany teacherghought, however,that the assessmentas
time-consuming but half of the teachers answered that it was worth the effort.

In the national tes2000 for year9 we had an oral part wherethe students
worked in groups. To assessthis part we developeda new matrix, which
focused on understandingJanguageand participation. The oral Assessment
matrix was well acceptedamongthe teachersbut they thought that we ought
to make a special matrix for each item.

During 2000 the syllabusesand the criterion for the different gradeswere
revised and we changed the matrix accordinthémn. We learnedfrom the oral
part that it was easierwith only three aspectsand that the teacherswanted
special matrixes for each item.

We always pre-test all items in onationaltests.For the testsin 2000/2001
we have developed special matriXes eachmore extensiveitem. The first step
of the processto develop a special matrix for an item involves an in-depth
analysis of the students’ work. Waartedwith the generalmatrix and with the
help of this analysiswe madeitem-specificdescriptionsin the matrix. Together
with the matrix we also publishedauthenticstudentwork assessednd graded
by researchers and a group of teachers.

Recentlywe receivedthe resultfrom the first test with this item-specific
matrix and almostall teacherghought that it was worth the effort and that it
facilitated the assessing/marking.

We have a coursefor teacherstudents'’Assessmenbf knowledge.How to
do it in mathematics?’ (5 credits) whevar studentstry a variety of assessment
modelsin different situationsand with pupils of different ages.Many of them
usedassessmennatrixesto assesslsosmall children’s performancen mathe-
matics.

Related assessment of processes and actionsin mathematics

In our work looking for different ways of assessingnore extensiveitemswe

have found also other projects. OECD/PISA (Programmefor International
Student Assessment)s a survey of students’ skills and knowledge as they

approach the end of compulsory education (age 15). In PISA bhoael dimen-
sions have been identified. These are processesmathematicalcontent and

context. The processis divided in different aspectsi.e. mathematicathinking,

argumentationmodelling, problemposing and solving, representationsymbols
and formalismand communicationIn orderto describelevels of mathematical
competency, PISA organises processes into three competency ¢lasses.

* See web pageww.pisa.oecd.org
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Similarly in a project called BalancedAssessmenin Mathematicsthe Harvard
Group (http://balancedassessment.gse.harvard.@de3entsa model of asses-
sing studentsiwork in threedimensionspbjects,actionsand the quality of the
students’ work.
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How do Students Express their Own Learning from
Studies in Mathematics and Didactics?

Eva<StinaKallgarden
Malardalens hdgskola

Abstract
Is it possible to use the student’s written statements and reflections about
learning from lessons as assessment? Is it possible for a student to
monitor his own learning and express it effectively in written terms? The
students in my three courses of Mathematics and Didactics supply
examples from the area of the questions. The paper is about three levels
of writing and reading problem during half a year.

A traditional way of assessing mathematical knowledge is by written tests. These
tests evaluate a student’s perception of the course, what knowledge has been
taught and ultimately what the student has learnt. The tests are made up of a
number of problems and questions, which the student has to work through to
show knowledge and understanding of the topic.

Another type of evaluation and assessment of mathematical knowledge is
now emerging in the way of a constructivist approach to learning, moving away
from the traditional Swedish curriculum’s behaviourist way of teaching.
Didactics courses, for pre-service as well as in-service teachers, suggest ideas of
trying methods of testing and understanding both conceptual and procedural
knowledge in the classroom.

It is often difficult for both the teacher and the learner to find a model of
effectively communicating the taught concepts. The student can document what
he has learnt in the way of a written test, but this may not be easily understood
when being read by the tutor.

A portfolio model is one example of a “modern” way of teaching, which
includes evaluation and assessment. The student takes his information from
lessons, homework and tests and puts them into a personal folder where he also
stores personal accounts both of lessons and his own learning.

Another example is a “logbook” which offers an ongoing communication
between teacher and student. The student writes his thoughts regularly about
concepts and any personal difficulties from the lesson along with any questions
about mathematical problems. The teacher then gives comments and feedback by
writing in his logbook.

In both cases, many problems are evident for the teacher when they try to
assess the learning and knowledge of the student from his writing.
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» Even if the student has a good perception of what he has learnt and
fully understands the lessons, his communication and written skills
may not effectively convey this to the teacher,

« The student can write in such a way as to influence the teacher,
communicating in such a way that he knows would be appreciated,
so therefore:

* How is it possible for the teacher to more effectively gauge the
knowledge and learning of the student as expressed in his paper?

In summary, how can it be possible for a student to monitor his own learning and
express it effectively in written terms?

Stating theissue
It is difficult for a teacher to understand how and what the students have learnt
from a lesson. So | want to get examples from my student group: Could it be
possible to use the student’'s written statements and reflections about learning
from lessons as assessment? How can | interpret the written statements as an
assessment of the course?

In the mathematical courses the skills level for each is to be set to one of
three levels. This paper will strive to discuss criteria for effectively assessing
mathematics skills as well as didactics skills.

Three consecutive studies

The first year of education for school years 4-9 and high school pre-service
teachers in mathematics and physics at the teacher education programme in
Sweden where the present study was conducted, contains five mathematics
courses that are linked to didactics. The work effort for these courses corresponds
to five weeks of full time studies. The courses in Arithmetic & Didactics,
Algebra & Didactics and Geometry & Didactics have been in focus here when
studying how the students express their learning.

The sample group

The group members are aged between 20 and 50, with the average age being 36.
Some of the students have studied one year to complement their mathematical
competence to the level of high school science programme. Others have studied
corresponding courses at municipal adult education before entering teacher
education. Some of the students have not studied for the last 8 years, claiming to
have forgotten a majority of their learning during that time, whereas others have
been teachers themselves and currently have children going to school.

A group of 16 students have been followed for all three courses. During the
study nobody left the course. In the third course, on geometry, 30 students,
including thel6-group, gave their notes of learning. In all 16 students have been
followed for the courses, and their comments evaluated. After every second
lesson the students were requested to document what they have learnt in the
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Mathematics and Didactics lessons. This material forms the basis and data of the
study.

An ordinary lesson
An ordinary lesson in the three courses includes following parts with connection
to the literature in the course:

» Problem solving part. The problem is prepared at home or within groups.
Solving the problem with mathematics methods and discussing the
solution and alternative solutions make this situation connected to
mathematics and didactics.

» Every student must be a seminar leader at least once in a course.
Everybody in the whole group must read a chapter of the textbook
“Algebra for all” or “Billstein” in the next lesson. Questions are written
from chapter and given to the seminar leader.

* School in reality. Mathematics methods to learn from books and from
reality. Leader: Student or teacher

» New concepts and problems in mathematics, led by the teacher.

Study 1
The students were asked to fill out a form directly after a lesson. The questions
posed were consistent throughout the study period.

a) What | have learnt / What | have not understood in Mathematics
b) What | have learnt / What | have associated in Didactics

When the student responses were read, their notes from four lessons were
categorised in order to appropriately answer the fundamental questions originally
set.

What about learning from Mathematics and what is Didactics in the lessons?
The notes from every lesson could be divided in one of six categories:

M: a mathematical reference from the lesson

D: a didactical reference to the lesson

R: reflections, e.g. about a working situation

P: quite personal reflections (e.g. something difficult)
-: No answer

O:absent

ok wnNE

You can compare every lesson in a mathematical and a didactical view and see
the result:

* There are more M and D in the mathematical field in the beginning
of the course

* “No answers” are a little more frequent in Didactics

* More “reflection” at the end of the course both in Mathematics and
Didactics
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» To compare student 1 with student 5 and 16 there is a big difference
of the number of M and Ds shown. What do students write regarding
Mathematics and Didactics lessons?

The examples from the notes of some students can explain the four categories
from the four algebra lessons:

M: “I have learnt to solve an equation numerically.
R: “To solve an equation was very hard for many students.”

The same lesson gives connection to Didactics through:

M: “The concept of equality symbol”
D: “To speak, to listen, to write to read. Important! Interpreting.
D: “Different dividing of groups makes different solutions”

From the next three lessons are these M-sentences taken:

M: “When has the proof come to an end?”
M: “I know the factor theorem = | understand it”
P: “Complex Numbers, so difficult, now it is easier.”

And looking at the lessons, as above, you can read with Didactics focus:

D: “It is important to change between different forms of expressions.”
R: “To have fun is not the same as not hard working.”
P: “I have improved in keeping silent and let others having a chance.”

Study 2

Evaluating notes about learning from the first four lessons formed part of the
fifth lesson. The intention was that after discussing these in “4-groups” the
students could perhaps write more about their own personal learning to be
assessed. The students then documented their responses for the next two lessons.
The question was then raised:

Could any differences be recognised compared to the earlier answers given?

Now the student was required to be conscious of describing what they learn from
the lesson and not describing the lesson itself.

In the next lesson different notes were gathered from the first study and
evaluated further. The aim was to read through the documentation together with
the student and describe which notes represented a concept of learning in
Mathematics or Didactics. The students discussed this topic in various groups
and it was agreed that this process was hard work.

Below are selected notes from this working process:
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I learnt that | must take the square of both sides of the equality sign in an equation
to get the roots.

The concept of the equality sign is difficult to understand for the pupil.
| have learnt there are many way of thinking

False roots

What | thought was evident could | skip

You must have time to think

To fold an A4 and see one side is square root two of the other
Algebraic, Geometric and Numeric solutions are useful to know

| have learnt to take everything in pieces

| feel that | can translate problem and express them better now

To develop an algebraic language from simple to the hard

Begin to handle with + and — when dividing polynomials

I have learnt the factor theorem with understanding

I am not sure of division of polynomials

The examples led to discussion in groups of 4 where everyone was faced with the
following questions:

Which examples can reveal a learning of Mathematics or Didactics?

The aim here was to influence the students into thinking about themselves: IF
they learn, WHAT they learn and perhaps also HOW they learn.

Did the students change the writing of learning?

The answer is no, it is still impossible to separate the lesson from the learning
from lesson. At this point, it is still difficult to understand what the student has
learnt from what they have written.

The next step was to request the students to document a situation where they
actually learnt Mathematics from the course, and the timescale given for this was
one week.

Study 3

In the Geometry course a new model for questioning was suggested: The
students were asked to describe the situation where they learnt something from
the course and also describe what they learnt. The students were asked to
“Describe a moment of clarity from the course and describe the situation in
which it occurred”. The objective here was to establish an understanding of a
student’s learning from a situation connected to a classroom situation during the
whole course, instead of one particular lesson within the course.

At the end of the Geometry course a new model for questioning was
suggested. The students must describe the situation where they learnt something
from the course. They must also describe what they have learnt. The objective
was to be able to understand the student’s learning better from a situation
connected to the classroom during the whole course instead of one lesson of the
course. Therefore the following three points were restructured in the research.
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time for reflecting (a week instead of directly after lesson)

period of reflecting (a whole course instead of one lesson

describing the situation where and what they learnt instead of describing
only the information that was learnt

The question which to give insight into this issue was: “Describe a moment of
clarity from the course and describe the situation in which it occurred”.

Before analysing the reflections of the students, first is shown one report of a
particular student. Her thoughts are exactly related to the issues in question.
Following that, in the table below, is a summary of different categories of
situations of learning. But first the reflections of one student on his own learning
in a situation:

“Here is a small summary in Didactics of things that | have learnt in the
course, situations where they have been learnt and in which way | can
use this knowledge. As time is restricted, | have concentrated specifically

on the latter part

of the course.”

What have | learnt?

Which was the situation whe
| learnt this?

In which way can | use this?

It's important to takg
pupil and the work g
pupil seriously.

When Anna expressed an(
and disappointment about 1
getting to summarise chap
11 in Billstein when she ha
worked a whole day with it.

I shall be observant how n
pupils understand my priorities
What can be important for n
can be unimportant for the
and vice versa

It's important to give
time to understandin
the pupil solutions.

When | went up to the blac
board to help Johan jroving
without thinking of his way o
thinking

In a “real” situation where
have the “control” | can take t
time | need to understand f
problem

To be flexible ang
adjust the plan to realit]

The situation in our heter
geneous group was change

| am going to think about th
from the start of planning
course

A question can be mo
effective than accusin
and nagging

When my question "How d
you treat ‘pigging back’ in
system without assessment
| got response from bo
teacher and student.

I am reflecting alternative way
to reach my goals. You can
ways get better response if y
allow it to come from yourse
than press your opinions
others.

The goal of teachin
must always be distin
and the result and ass
sing too.

Besides | must be rea
to argument for this.

I will plan my work and my
teaching so good that | can
responsible for it and argumer

What reflections doe
Eva-Stina want?

| didn't care of that an
instead | made a summary

my own that Ican use.

Now | have a system for mys¢
that | can use in different co
nections.
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The students’ writing is now more alive than in Study 1 and Study 2 and the
categories where they relate their new knowledge are from real situations in
different lessons. Both mathematical knowledge and didactical knowledge is

evident.

Shown in the table below are different expressions from their learning and
what they have learnt. It is possible, at the same time, to connect the student
writing of learning to a certain subject in a lesson. It is certainly more interesting
to see the variety of expressions than the frequency of them.

The golden ratio

Cabri and the Geoboard

1. When Anna showed her model to
the Golden ratio and solve
value...In reality you must hang
your knowledge to something

2. Golden ratio — exactly before
should go to the blackboard and sh
the golden ratio, | was sitting in n
desksweating as | didn’t know how
worked. 30 s before my turn it sg
“pling” and every piece found its plag
This experience | never shall forget.

1. When we were working with Cab
program you asked me why the trian
did not change its area. When
changed the shape at a distinct line {
| got a moment of clarity when | sg
that the altitude and the base did
change in spite of the triangle goeg
infinity.
2. An extra bonus was when | visit
my school and pupils were worki
with TI-92. They were sitting the
quite confused both teacher and pup
And | could help theml felt satisfied!

3. I now see fantastic possibilities

me as a teacher in using geoboar

school.

Among the situations that are related to a learning situation are “The golden
ratio, Cabri and thgeoboard”, being all of fictional characters in mathematical
education. These subjects themselves are constructive in many ways and the
situations invite to co-operation in the classroom for problem solving.
To learn from working with port folio is expressed in the following way:

1. “All the time I'm studying my own learning by using portfolio. But | have
still no knowledge in structuring. | will work to know is in future because
it interesting for me. Not only for me myself | want this knowledge in my
profession and pass the idea to the children.”

2. “It's a kind of art to build a portfolio. | have plenty of material but | am
interested in ordering it in a way, which is my way.”
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To seethe process of the three studiesin a model

A problem situation
giving a conflict for
the student

He getsan He react by He writes
image of the thinking if he | about himself
situation in his knows the through the
head ﬁubject or not | conflict
First study
Discussion

He compares groups
his own

Second study | writing in a 5 © O
lesson situatio © O
with the others

in other ()
situations but
the same
lesson
He must find his
own situation were
Third study he learnt
Mathematics or
Didactics

This he learnt | Now he has chosen | External
aproblem expression from
situation of his what he learnt.
own. Therefore
when he solvehis
problem he also
knows from where
it comes and how t
express it

The result of the third study is more about writing about learning than the two
earlier studies. But it is still difficult to see understanding of the concepts of the
courses. And how can | know that the student can use their knowledge? That
guestion is now more evident in assessment in one of three levels of the student.
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Semiotics in Education

Ricardas Kudzma
Vilnius University

Abstract
On the particular topic, the graph of the function y = kx + b, a conception
of a proof is concidered. A few Lithuanian textbooks are analyzed. Graphi-
cal representation of a proof and other innovations are suggested. For
analysis and design of texts Greimas’s approach of semiotics is applied.

Problem description

Proofs are disappearing in school mathematics. Students must more and more trust the
truths, which are presented in textbooks without sufficient substantiation. Later on
when they enter universities they have a lot of problems, especially freshmen. They
are depressed by the word “proof” only. In this paper I consider the conception of a
proof. I present the current situation (Bagdoniene et al., 2000) and two historical
references (Kiseliovas, 1959; Busilas & Balutis, 1934) about the graph of a function
y = kx + b in Lithuanian textbooks. I would like on this particular topic to revive the
conception of a proof (Kudzma, in press). For reaching these goals semiotics (Greimas,
1970, 1979) is applied. A.J. Greimas (1917-1992), Lithuanian by nationality, wrote his
most important works in Paris and was the maitre of the well-known Paris school
semiotics. It is very impressive that semiotics laws are universal and can be applied for
analyzing any text (poem, tale, story, picture, film, lecture, advertising clip, etc.).
Semiotics is useful for design, too.

The function y = kx

Let us look at the contemporary Lithuanian textbook for the 9™ grade (Bagdoniene et
al., 2000, p. 22): “Let us draw the graph of a function y = 2x. Choosing a few values of
an argument make the table of values of the function. Let us put these points (x, y) on
the coordinate plane. After joining them we see that all these points lie on the straight
line, which passes the origin of coordinates. In a similar way we can convince
ourselves that for any value k the graph of a function f(x) = kx is a straight line, which
passes the origin of the coordinate plane”.

If we look back to the history we will find that similar texts were reproduced in
textbooks for almost 40 years. But in Kiseliov (1959, p. 34) we can find the strict
proof of the statement: “The graph of the direct proportionality (y = kx) is the straight
line, which passes the origin of the coordinates and the point (1, k).”

Comparing these two texts we can notice the difference in formulations. The first one
is not completely correct — a straight line, which passes the origin of coordinates is not
uniquely determined and not related with the coefficient k. Kudzmiene and Kudzma
(2001) pointed out that if the proof is omitted then the mistake in the formulation does
appear. If we take a few points for plotting the graph then all points are equal, except
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(0, 0), and it is difficult to distinguish the second point (1, k) (why this but not another
one?).

A few words about Lithuanian textbooks need to be made. After reestablishing
independence in 1990 Lithuanian authors started writing textbooks for secondary
school. This is the first generation of them. The last one is for the 9" grade (Bagdo-
niene et al, 2000). During the period 1940 — 1990 there were textbooks unified for all
Soviet Union (except Estonia). We had to translate them from Russian only. But there
were national textbooks in 1918 — 1940. It was very interesting to find that Busilas &
Balutis (1934, p. 132) proved the assertion about the graph of direct proportionality
vy =kx and used the correct formulation.

Semiotics — introduction
According to Greimas’ (1970, 1979) semiotics theory a text is organized and therefore
can be analyzed in three levels:

1) discursive,
2) narrative,
3) semiotic or logical-semantic.

The interplay among these levels builds the frame of the theory. The key point of the
third level is, so called, semiotic square. This square governs the narrative level.
Theory distinguishes four phases of narrative level: manipulation, competence, perfor-
mance, sanction. Actants, like, addresser, addressee, subject (hero), anti-subject (rival,
villain), object of value, helper, etc., are the notions of narrative grammar. Narrative
level has clearly expressed anthropomorphic character. Profound analysis of tales and
myths stimulated development of semiotics, at least Greimas’ semiotics. From another
side, tales have very powerful didactical charge. Why not to use this tremendous
didactical experience in mathematics education? Ernest (1997) considered parallel
between myths and a mathematical proof, too.

Discourse analysis
Let’s try to analyze the discourse of the selected page below.

1) The proof is represented graphically. Visualization is a global tendency today.
Graphics is attractive for youth.

2) The proof (path of a hero) is of a circular form. There is a very natural reason for
that - we start from a function and finish with the same functional relation. To start
from and to finish with the same condition or relation is quite common in
mathematics, especially in proving theorems about necessary and sufficient condi-
tions. Ernest (1997) also noticed a circular nature of a proof, but in different sense.

3) The main result (object of value) is placed in the center. This is logical conse-
quence of a circular representation of the proof. The first glance at the page must
catch the most important thing.
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A selected page (Kudzma, to appear)
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4) The definition of a graph of a function girds up the center. Somebody or something
(rival) must protect the object of value. This protection is realized as a shield with
the definition. I want to stress the role of the definition as a shield and to make it
visible.

5) Two arrows cross the shield and reach the center — object of value. The proof
consists of two parts and when a part ends an arrow reaches the center.

6) Theorems, definitions, which are used in the proof (helpers), are placed in corners.
There are several arguments for such design:

i) Corner elements form the frame of construction;

ii) Auxiliary theorems (helpers) in the corners represent forces which do not
allow run out of the circle during the proof and press to the center where the
desirable result is situated;

iii) Readers must not seek and look at the page No. n for reference;
iv) Readers visually see how theorems are being used;
v) Repetition of auxiliary results several times strengthens remembering.

7) Algebra is separated from geometry by putting algebra in the left side and
geometry in the right side of the page and by painting corresponding blocs in
different colors - geometry in green (like earth) and algebra in yellow-brown (like
sand from Arabic deserts). The separation of algebra from geometry was the first
serious step in designing of such a page.

Narrative analysis

Narrative grammar says that the story starts from the manipulation phase: somebody
(addresser) formulates a problem and finds addressee (subject or hero) who wants and
is able to solve it. The second phase is competence: subject (hero) is put into the
situation, which permits him to act. Mostly in textbooks this subject-hero is “we”, but
it depends on discourse. The first two narrative phases are not so important in this
paper and I’ll dwell on two last ones. I prefer to use terminology from tales (hero) to
pure semiotics (subject) in the analysis of performance.

As usual, the hero must pass three tests for the victory. The first test is to find the
graph of the function y = % x. For the first we (hero) take few values of an argument x,
find values of the function, then put points on the coordinate plane. One can see and
guess that all these points lie on the same line. But it should be proved. Hero always
needs a helper. At this time the theorem about equality of triangles helps to prove what
is asked. But in general, the first attempt is not successful. The next time hero invites a
stronger helper — the theorem about similarity of triangles. Now he proves that the
obtained line is the graph of a function. The second test is to find the graph of a
function y = kx. Hero has an experience, the reliable helper and passes the test again.
The third test is the most difficult - to find the graph of the function y = kx + b. The
hero carries out the task without any problems.
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Let us compare the stories mentioned above. In Bagdoniene et al. (2000) truthfulness
of the statement is left to “seeing” and believing. Thinking is excluded. The very first
sentence in Kiseliov’s (1959) proof - “Let us prove that the graph of a function y = kx
is a straight line” is not didactically substantiated. Where does a straight line come
from? Both “experimental” part (getting the line) and the proof that this line is the
graph of a function do exist in Busilas & Balutis (1934). I follow this approach.

From the first sight a repetition of three times of very similar proofs could be
boring. The logical scheme is the same in all three cases but there are slight and
important differences concerning signs of coefficients and arguments. These differen-
ces have influence into the graphical and textual representation of a page. Studying all
cases helps to form a complete picture of a problem. The last one, didactical remark —
Repetition est mater studiorum.

In the sanction phase the addresser must say very important phrases:

1) The function y = kx + b is called linear, because its graph is a straight line.

2) From now the straight line which is the graph of the function y = kx + b will
be called simply “(straight) line y = kx + b”.

Such sentences do exist in Kiseliov (1959, p. 40) but I miss them in a great number of
textbooks. It was interesting (not for the first time!) to find the following text in
Busilas & Balutis (1934, p. 216): “The function y = kx + b is called the first order
function because an argument x has the first power. It is called linear too, because its
graph is the straight line”. People almost a century ago called things with right names!
Semiotics gives a very simple explanation — sanction follows after performance. If
there is no sufficient performance (proof) then there is no need for any sanction.
Omitting proves we loose understanding of right names. At the end of narrative
analysis I wouldd like to emphasize one thing: A function y = kx + b is not linear until
it is not related with a line.

Semiotic analysis

First of all it requires finding the main opposition in the text. It is between algebra and
geometry and even expressed graphically. Algebra and geometry are two different
means to investigate nature and two different languages at the same time. The problem
is to create strict correspondence between objects of algebra and geometry. It is very
easy to form the semiotic square:

algebra geometry
non-geometry non-algebra

Algebra and geometry are joined by something from intersection of non-algebra and
non-geometry (general feature in semiotics). Very interesting words (objects) belong
to this intersection - graph, abscissa, ordinate, coordinate(s), etc. They are functions
from algebraic objects to geometric or visa versa. If I represent the definition of a
graph or formulation of a theorem about the graph in a circle then algebra is in the left,
geometry in the right and words “graph”, “coordinates” find their place in the middle:
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This phenomenon might depend on the language. Such order of words — “The

function’s y = kx graph is the set of points with coordinates (x, kx)” is a natural order
in Lithuanian but not in English. It is possible to reformulate the definition in the
following way: “A function y = kx has its graph as a set of points with coordinates (x,
kx)”. This form of the sentence can be represented in the circle.

Final remarks

I think that the topic about the graph of a function y = kx + b is very important. It
forms the foundation for further studies of Calculus (Mathematical Analysis).
Descartes gave us very powerful tool, the method of coordinates, to connect algebra
with geometry and we must use it with corresponding respect. On this particular topic
I tried to show how semiotics could be applied for analyzing and designing texts and
developing the conception of a proof. I hope that semiotics is a quite reliable helper.
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Abstract
Recent studies show that Hong Kong students have a narrow conception
of mathematics. Why are they so? One of the possible causes is that they
have a narrow lived space of mathematics learning. The present research
reviewed the types of problems Grade 7 and Grade 9 students did in
class, at home and in examination. The results indicate that the students
were exposed to a variety of problem types, but the level of con-
textualisation was low, level of opemdedness was low. Most questions
required students to apply rules and routine procedures.

Introduction

Despite the outstanding performance of Asian students in general and Hong
Kong students in particular in international comparisons in mathematics (Beaton
et al., 1996), there had been increasing evidence that these students may not be
exceptionally good in non-routine problen@a(, 1999). That might be attributed

to students’ conceptions of mathematics. When students conceive mathematics as
an absolute truth or as a set of rules for manipulating symbols, they would tend to
treat doing mathematics as the memorisation of a series of steps of tackling
guestions and learning mathematics as a transmission of knowledge from the
teacher to the student (Clay & Kolb, 1983; McLeod, 1992). This was what we
have found in various research studies conducted in Hong Kong (Lam, Wong &
Wong, 1999; Wong, Lam & Wong, 1998).

A study in Hong Kong also indicates that students’ conception of mathe-
matics is shaped by classroom experience (Wong, 2000; Wartpn, Wong,

& Lam, in preparation). If most problems given to students lack variations,
possess a unigue answer and allows only one way of tackling them, it will not be
surprising that students see mathematics as a set of rules, the task of solving
mathematical problems is to search for these rules and mathematics learning is to
have these rules transmitted from the teacher.

The research reported here focuses on reviewing the current state of the
problem-solving environment in the mathematics classroom, the ‘lived space’ of
mathematics learning. We aim at investigating the variation of mathematical
problems according to the levels and ability of secondary school students by
analysing the problems given to them.
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Sampling and procedure

The focus of the present study was on Grade 7 & 9 studentgidin algebra

and another topic in geometry were chosen in each of grade levels according to
the current Mathematics syllabus developed by thieialf curriculum develop-

ment agency in Hong Kong. Algebra and geometry were chosen because number
sense and spatial sense are two corner stones of school mathematics. The topics
we have chosen are:

Formulae, open sentences and simple equations (Grade 7)

Fifteen teachers were invited to provide the researchers with the homework and
mathematics test papers of these topics they used in their schools.

A total of 1,557 mathematics problems (of which 1,200 were homework and
357 were test items) from 15 schools (5 of high mathematics standards, 4
medium and 6 low) were collected. All the mathematical problems were grouped
and analysed according to different criteria: (a) problem types, (b) the extent of
contextualisation of the problems, (c) openness at the given information, (d)
openness at the goal and solving process and (e) the levels of expected
performance.

Stratified analysis of the above were performed according to the groupings of
(i) academic standards of the school, (ii) occasions at which the problems are
given (homework or test), (iii) grade level and (iv) topic (i.e. algebra or geo-
metry).

Framework for analysis

Problems used in teaching and assessment

With initial analysis, problem types of each topic were identified. For example,
for the topic Formulae, open sentences and simple equations”, we have identi-
fied:

0] Rewrite mathematically

(i)  Substitute into well-known formulae

(i)  Substitute into “home-made” formulae

(iv)  Perform algebraic manipulations

(v)  Setup equations

(vi) Solve equation involving one to two techniques
(vii) Solve equation involving more than two techniques

The problems were classified according to whether they wrsitfated in a

rich context, (ii) put in a context but the data can be readily obtained, or (iii)
posted in a purely symbolic setting. Furthermore, the problems were analysed to
see whether they containejl fedundant data, (i) an exact number of necessary
data, or (iii) missing data. Also, they were classified according to these condi-
tions: () having a single answer and a single solution, (ii) having a single answer
but with multiple solutions, and (iii) other types of opamdedness.
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The levels of expected performance were analysed using the TIMSS (The Third
International Mathematics and Science Study) framework (Robitailld.,
1993). The framework is composed of the following levels:

(a) Knowing

(b) Using routine procedures

(c) Investigating and problem solving
(d) Mathematical reasoning

(e) Communicating

Results

Overall picture

The different problem types in the various topics reveal that we had a variety of
problem types (ranging from 7 to 10) across the four topics. Table 1 is an
example. However, the categories of the skills involved by their problems
revealed that most of them only required students to perform some routine
procedures, similar to what had been taught in the examples of the textbooks.

Problem Type %
Find volume of blocks without given cross-sectional areas 24
Find area of irregular shapes, without supplementary lines 21

Find area of regular shapes 16
Find length/area directly 10
Find length, but need to find the area or volume first 10
Find area of irregular shapes, with supplementary lines 10
Find volume of blocks with given cross-sectional areas 5
Application 4

Find volume of blocks without a uniform cross-section

(one have to divide the blocks into smaller blocks first) 1

100

Table 1. Problem types of Topic # 1.5 and their relative percentages
(in decreasingmler of percentages)

Results also reveal that 85% of the problems were posted in a purely symbolic
setting. Although we found some problems (12%) that were put in a contextual
situation, the numerical data could be readily obtained. Only 3% of the problems
were set in a rich context.

As for the openness of the problems, exact information was given in 99% of
the problems and 98% of them does not allow multiple solutions. As regards the
level of expected performance, although considerable variations were found
across the problems, 79% of the problems required students to carry out routine
procedures only (3% involves “knowing”, 10% involves “investigating and prob-
lem solving” whereas 8% involves “mathematical reasoning).
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Variations across schools of different academic standards

When we compared the problem types used in schools with different academic

standards, the situations resembled the overall picture (when the entire problem
pool was considered). However, we noticed that some of these problems types
were absent if we consider the schools separately. In other words, some schools
did not provide certain types of problems that other schools gave. This reflects a

certain extent of curriculum tailoring in schools.

Results also revealed that the problems given in schools of better academic
standards had slightly greater extent of contextualisation than schools with lower
standards. For schools with high academic standard, 86% of the problem was
purely symbolic, for medium standard, we have 89% and for low standard, 78%.

Since the problems given to students across the schools lacked openness in
the given information, it is obvious that the situation would be the same among
schools of different academic standards. The percentages of problems providing
exact information for schools with high, medium and low academic standards
were 99%, 100% and 99% (rounded off) respectively. The case is similar for
openness at the “goal” and “process” stages. There was little openness regardless
of the academic standards of schools (the corresponding percentages were 96%,
99% and 99%).

As for levels of expected performance, slightly more problems of higher
levels of expected performance were provided by schools of better academic
standards. For instance, the percentages of problems that involves “investigating
and problem solving” in schools with high, medium and low academic standards
were 16%, 8% and 5% respectively.

Variations between homework and test

The problem types of homework and tests were compared. It was found that the
range of problem types given in tests was a bit narrower than that given in home-
work. Also, the emphasis of the types of problems in tests differed quite obvious-

ly with the emphasis in homework. The types of problems in tests were more

evenly spread.

There were much similarity between the problem types given in homework
and tests (symbolic: homework — 83%, test — 86%,; exact information: both
homework and test were 99%, unique solution: homework — 98%, test — 97%)
except possibility the expected performance of the problems. For homework,
82% required the use of routine procedures and the percentage was only 71%. In
tests, 14% of the problems required investigation and problem solving whereas
the percentage for homework was only 8%.

Variations across grade levels

When we compared the problems given to Secondary 1 and Secondary 3, it was
found that the higher the grade level, the more the problems being purely
symbolic (94% for Secondary 3 and 78% for Secondary 1). Although there was
little openness among the problems in general, some problems with redundant
data were found in Secondary 1 (even though the amount was very small, around
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2% of the problems in Secondary 1) compared to the whole sample. Little open-
ness was found at the goal and solving process too. However, we had a small
portion of problems that could be solved with more than one solution. Around
4% of the problems could be solved with multiple solutions in Secondary 1,
while only 1% of such kind of problems was found in Secondary 3.

When we compared the level of expected performance with reference to the
grade level at which the problems were given, we found that problems requiring
mathematical reasoning were found in Secondary 3 (all from the Topic # 3.4.1
and 3.4.2, and most of them involving “prove ...”, “show ...” and “give
reasons”) but none in Secondary 1. Furthermore, 11% of the Secondary 1 prob-
lems required investigating and problem solving.

Other observations

The analysis also reveals a number of interesting points. First, the textbook was
found to be the main source of mathematics problems given to students. To a
certain extent, it reflects the textbook dependence of classroom teaching. The
lack of variation further worsened since most of the schools picked out mathe-
matical problems from the same textbGokVhile some teachers in the present
study reflected that the choice of mathematics problems was decided during
mathematics subject panel meetings in schools, in many cases, teachers just
followed the convenient way of circling a number of problems in thddexis

for the class work and assigning the rest as homework. One commonly adopted
practice was also identified: it is to ask students to do odd-numbered problem
during the lesson and leave the even-numbered problems for homework assign-
ments. It was also observed that more exercises were given in the algebraic
topics than the geometrical topics.

A number of “uncommon” practices, which were probably performed to
exercise curriculum tailoring, were also found. For example, while there was a
teacher who gave some challenging problems for more able students, there was
another teacher who broke down problems into smaller parts in order to help
students understand the problems.

Discussion

Though only four topics were involved in the study, the analysis of these one
thousand and five hundred problems provided by the teachers gave a clear
picture of the “lived space” of student learning in mathematics. Obviously, the
lack of variation of the problems, though sort of expected, is disappointing. The
convergence of problems was shown in two dimensions. First, there was little
openendedness among the individual problems given to students. Second, the
types of problems given to students were quite unified across different schools.
The major reason is that most teachers relied on the same “data bank,” i.e. the

™ Textboksin Hong Kong are developed by commercial publisheeacliers and schools
choose from the market. At present, a particular textbook is occupying over 90% of the
market.
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most popular textbooks in Hong Kong. The use of other sources like overseas
textbooks, self-created worksheets, articles from periodicals was rare. The expec-
ted performance of the problems given was also low, whether in homework or in
tests. The situation was a bit improved when students moved from Grade 7 to 9.
Moreover, more openness and more problems with higher expectations in the
area of geometry were also found.

In fact, the same phenomenon has been repeatedly found in other studies. In
the most recent TIMSS-V Study (The Third International Mathematics and
Science Video Study), it was found that the teaching styles and problems posed
to students are very much the same across schools with different academic
standards. Catering for individual difference is lacking since teaching is con-
formed to textbooks and to examination formats (Tseng, 20003 is in fact
echoed in the present study.

Naturally, mathematics problems constitute the major part of students’
experience with mathematics. If we agree that variation is conducive to the
development of mathematical understanding, obviously the scenario depicted in
this study is not encouraging. The lack of variation may attribute to the general
narrow conception of mathematics among the students (Wong, Lam & Wong,
1998). Furthermore, the lack of variation across schools reflects the absence of
curriculum tailoring to cater for individual differences, which is an essential issue
in universal education (Wong al., 1999). Although the lack of variation could
be a result of standardisation due to an examination orientation (Kong & Wong,
1998), we must be aware that variation of problems can bring about impact
among the students and lead to betterment of learning (Marton, & Booth, 1997).
A teacher taking part in the present study wrote the following remark: “I once
gripped a test from a school of higher band and gave it to my students. The
students all failed with very low scores and they blamed me. | then went through
the test with my students. Eventually they realized that the problems were not as
difficult as they thought and they had higher efficacy in tackling those prob-
lems.” His'her remark vividly shows how variations can bring about a learning
envirorment favourable to conceptual understanding.

Students dichundreds of thousands of mathematics problems during their
long course of schooling. These problems should constitute a rich lived space of
experience for them. Howevdn places like Hong Kong where studemi®e
required to do so many exercidhe crux of the matter seems to be quality rather
than quantity. Though one may say that numerical computation and direct
application of formulas are involved in most problems and the domination of
them among the strategies employed by the students is no surprise, we see in the
present study that the involvement of higher order thinking like reasoning is far
from the desirable level. Would it be a waste of energy if students are drilled
with numerical computations repeatedly in their course of study? Practice is
essential in mathematics learning, repetitive learning can bring about transcen-
dence to a higher level of understanding only if systematic variation is introduced
(Richardson, 1999). How ancient Chinese learn could shed light on this (Wong,
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1998). It is hoped that by the introduction of a varied and gradually opened up
lived space, students could arrive at a rich and structured outcome space of
mathematics learning.

Acknowledgementhis research was commissioned by the Education Depart-
ment of Hong Kong.
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Achievement Groups among 7" Grade Students
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Abstract
This report deals with"7grade pupils’ conceptions of mathematics, its
learning and teaking. The report focuses on the identification and-com
parison of views expressed by pupil groups of different mathematical
ability and achievement. The analysis is based on the results of the abil-
ity tests, subject tests and a questionnaire conducted amont) ¢nade
pupils of Estonian schools.

Introduction

Pupils’ conceptions of mathematics and themselves as learners of mathematics
are of fundamental importance in their learning of and performance iremath
matics. Previous research has shown that differences in pupils’ conceptions are
much bigger between countries than within one country. This implies that each
country has its own teaching style and teaching culture, which do not change
very easily. The biggest differences in the conceptions of pupils of different
countries are found in the understanding of the role of the teacher. For example,
Estonian pupils are more teacher-centred (Pehkonen, 1996). Compared to their
counterparts in other countries (such as Sweden, Finland, Hungary, and Ger
many), they prefer a teacher who explains well, helps them immediately and al-
ways tells them exactly what they ought to do to solve a mathematical problem.
Previous research on pupils’ conceptions has also shown no significant diffe
ences between the conceptions of girls and boys. Some mathematics educators
(A. Schoenfeld, E. Silver) have pointed out that pupils’ conceptions ofemath
matics may prove to be an impediment to the solving of non-routine problems
and to effective learning. However, the solving of such problems is important
with respect to pupils’ ability and avity.

The purpose of our study was to answer the following question: How is the
student’s conception of mathematics teaching connected with his or her ability
and academic achievement?

We also tried to answer the following subquestions:

* What characterises the ways of mathematics learning of more talented and
less talented pupils?

* In what way do the conceptions differ between students achieving better
results and those achieving poorer results?
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Data gathering and tests

This paper summarises year 1 results of a [three-year] research project aimed at
analysing the progress made by and the changes in the conceptions ef math
matics teaching and mathematics learning of a cohort of pupils proceeding from
grade 7 to grade 9.

In year 1 of the project (1998), an ability teBb{entia), three achievement
tests Numbers, Algebra, Shape & Spaee)d a questionnaire including 33 que
tions about the teaching and learning of mathematics were carried out among the
7th grade pupils in 14 schools in Estonia. The ability and achievement tests used
were prepared within the framework of tkassel-ExeterKassex)project
(1994-1998). The general coordinator of the project@erstre for Innovation in
Mathematics Teaching EIMT of the University of Exeter (Anon. a & b, 1994).

The questionnaire was prepared byPEhkonen and B. Zimmermann and, like
the Kassexproject testshasbeen used in several adties.

The initial test(Potential) consisted of 26 questions and the subject tests of
50 questions each. The answers were graded on a dichotomous scale as follows:
“1” - true, “0” - false. Thus, the highest possible score was 26 points on the initial
test and 50 points on each of the subject tests.

The questionnaire (responses according to the following pattern: “-2" — |
strongly disagree; “-1" — | disagree; "0" - | do not know; “1" — | agree; “2" — |
strongly agree) addresses four different conceptual dom@orseptions of
mathematicsquestions of this type in the questionnaire are below marked with a
C); Conceptions of the way of doing mathema(dy Conceptions of mathe
matics learningL) and Conceptions of mathematics teaching

The number of pupils who completed at least one test or the questionnaire
was 414. Of these, 198 (47.8%) were girls and 216 (52.2%) were boys. The ave
age age of the respondents was 13.5 years. Those pupils who did not complete all
the tests and the questionnaire were left out of the following analysis.

The average results of the tests are presented in Table 1. SirCasthex
project required the tesidumbers, Algebra and Shape & Spaoéde applichle
to the testing of the same pupils for three consecutive school years (ages 13+,
14+ and 15+), the average test results for this age group (13+, Grade7) are, for
natural reasons, relatively low.

Test N Possible Mini- Maxi- Mean | Std. De
maximum| mum mum viation
Potential 396 26 2 24,0 12,7 3,6
Numbers 399 50 7 40,0 24,1 6,7
Algebra 396 50 3 24,0 11,2 4,2
Shape and Spacq 395 50 0 29,0 12,4 51

Table 1. Test results
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We assessed the reliability of the tests using two methods: as internal consistency
by Cronbach Alpha, which, due to the dichotomous assessment of the test results,
is here equivalent to the Kuder-Richardson Formula 20 (KR20), and by finding
the Guttman’s lower bound for the true reliability. It appeared that the reliability
of our tests is at least satisfactory, remaining within the range of Bdi8rtial
andAlgebrg to 0.86 Numbers)or Cronbacha and 0.68Shape and Spac&)
0.87(Nunbers)for Guttman’s coefficient

For grouping the pupils by themathematical abilitywe divided them into
three groups on the basis of the results of the abilityRegential)as follows:

Low ability group(17% of the pupils, total score 2 - 9 points)edium ability
group(68%, 10 - 16 p) anHigh ability group(15%, 17 - 24 p).

For grouping the pupils by themathematical achievemenve used the
arithmetic mean of the results of the three subject (achievement)Nestbérs,
Algebra, Shape and Spac&jince the arithmetic mean ranged from 0.0 ... 30.0
points, we divided the pupils into three achievement groups as follows:
achievement groufil3% of the pupils tested, the mean being 0.0 — 10.0 points;
Medium achievement grouf®9%, mean 10.1 ... 20.0) ahtigh achievement
group (18%, mean 20.1 ... 30.0). The following presentation of some of the re
sults of our research on the pupils’ conceptions includes only the high and low
ability and achievement groups, leaving aside ¢hpactive medium groups.

The conceptions of the pupilsin different ability and achievement groups

It appeared that in most cases (79% of all 33 statements) it was impossible to
prove the existence of differences between the conceptions of the pupils of the
two extreme ability groups and the two extreme achievement groups agithe si
nificance level of p < 0.05. This is evidenced by the statistically significant cor
relations (for Pearson’s r and Spearman’the p<0.000) and by the similarity of

the respective divisionsy(—test, p<0.999) between the evaluations of pupils of
different groups along the means of points in the questionnaire.

A. Conceptual domain the content of mathematics
This conceptual domain was measured by the following 9 items:
Good mathematics teaching includes:

C1 doing calculations by heart C6 different topics ... taught ... sap
rately

C2 mechanical calculations C7 problems ... have practical apg
cations

C3 drawing figures (e.g. triangles)  C8 calculating areas and volumes

C4 doing word problems C9 constructing concrete objects

C5 using calculators

There are no significant differences (t-test, p<0.05) in the conceptiotiee of
content of mathematidsetween thdow and high abilitygroups. Both groups
consider calculating to be of the highest importance. The importance of calcu-
lating with the help of a calculator is significantly lower than calculating by heart
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or in writing both for the high-ability and low-ability pupils. The use of a calcu-
lator is considered necessary or highly necessary by only 50% of the low-ability
and 51% of the high-ability students. In this respect, the conceptions of Estonian
pupils have undergone considerable changes: in 1990, calculating with the help
of a calculator was the most preferred methiogp(mann, 2000). Surprisingly,
there are also no differences of opinion with regard to non-routine tasks: 76% of
the low-ability students and 77% of the high-ability students think that textual
tasks (C4) are an integral part of mathematicshiegc

In the achievement groups, statistically relevant differences are only evi-
denced in the responses to three questions related to calculating skills (C1, C2,
CB8). The responses reveal that calculating skills with their different aspects are
considered significantly more important by the pupils in the high achievement
group than those in the low achievement group (Figure 1). Strikingly, the co
ceptions on this domain of the high ability and the high achievement groups co-
incide fully — of the highest importance is the skill of calculation by heart while
the skills related to the construction of concrete objects are ranked lowest. The
respective opinions on this domain of the low ability and the low achievement
groups, however, are less coincidental (r=0.71, p>0.05pad63, p>0.05).
Nevertheless, in both cases the pupils attribute the lowest importance to the
statements related to@metry. An analysis of the responses to items C3 and C9
given by the low group pupils reveals that in both instances these students are
slightly more in favour of enactive representation than iconic representation.
Among high-ability pupils, it is on the contrary.

2 —e— High achievement
—B— Low achievement

"o \0—0\.\‘

N \\ /-\

0 ; ; ; ; ;

cp* cz* c7 cs* c4 c5 C3 C6 D
-0.5
Item
Figure 1

B. Conceptual domair-the way of doing mathematics
This conceptual domain was measured by the following 5 items:
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D1 right answer... more impo D4 everything ... reasonedk-e
tant than the way actly

D2 everything ... expressed . D5 there is ... more than or
exactly way of solving

D3 there is ... procedure ... 1
exactly follow

In this domain, no significant differences could be observed in the conceptions of
the extreme groups. It is only worth mentioning that both extremes considered
exact reasoning (D4) to be of the highest importance. All groups of pupils liked
solving the same task in different ways. Encouraging from the perspective of
promoting constructivist approach is the fact that all the groups responded nega
tively to Statement D1: the right answer is more important than the way to get it.
However, the low-ability students were more in favour of the statement #at ev
rything ought to be expressed as exactly as possible (D2). Probably, they unde
stand the material presented in this fashion better.

C. Conceptual domain mathematics learning

This conceptual domain was measured by the following 8 items:

L1 all pupils understand L5 learning is not always fun

L2 much will be learned by heart L6 it demands much effort

L3 as much repetition as possible L7 as much practice as possible

L4 only ... talented pupils can solve L8 all the material ... will be under
stood

—e—High ability
15 —=—Low ability

0.5 \‘l\é\
0

L1* L8 L6 L7 L5 L3 \(ﬁ*
-0.5

Item

Figure 2
With respect to mathematics learning, both ability groups (Figure 2) consider u

derstanding the material (L1, L8) to be of the highest importance. Interestingly,
learning by heart is opposed by the low-ability pupils in the same way as by the
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high-ability pupils. A closer analysis (Figure 3) reveals that:

40
m High ability
-~ — o Low ability
5
e
[
o
. ]_
o —
-2 -1 0 1 2
agreement
Figure 3

both of the groups include more than 40% of those who are opposed to learning
by heart, and more than 20% of those who consider it necessary. However, there
are significant differences in the attitude of the pupil groups towards the relative
importance of ability. Namely, both the low ability and the low achievement
groups (Figure 4) tend to agree with statement L4 - that only talented pupils can
solve most of the tasks. Nevertheless, the average opinion on this statement stays
fairly close to neutral in both cases, with 38% of the low-achievement pupils and
32% of the low-ability pupils having responded to this questions with the option
"0"- “I do not know”. A tendency can be observed that the pupils of the highest
ability believe more than those of low ability that all the pupils are able to learn
mathematics and that success in learning is possible if effort is made. They have
a somewhat higher degree of self-perceived ability and desire to leare- math
matics (L5, L6). The low-ability pupils, however, are more disposed to give up.

5 —e— High achievement ||
15 —=#— Low achievement | |
05 O *
0 ; ; ; ; ; . —N
i L8 L7 L6 L5 L3 La*
-05
4
-1
Item
Figure 4
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D. Conceptual domain mathematics teaching
T1 pupils ... guess and ponder T7 teachers explain evel

stage
T2 right answer quickly T8 pupils solve ... indepenc
ently
T3 strict discipline T9 working in small groups
T4 pupils put ... own questions T10 teachers tell exactly wh
to do
T5 teachers help ... when in T11 pupils can work accdr
difficulty ing to abilties

T6 learning games

In this domain, the opinions of different ability groups differ the most (Figure 5).
The greatest differences for the entire questionnaire are manifested & the r
sponses to statement T11: high-ability pupils are considerably more willing to
agree to the view that everyone should be able to work according to his or her
ability. Thus, it is the more able pupils that need a greater differentiation of
teaching. Surprisingly, the views of the two extreme achievement groups on
staement T11 are identical, whereas those of the two extreme ability groups who
differ significantly in this respect. Both the ability and the achieset groups
approve of process-orientated teaching, but their conceptions concerning some
aspects of this process are different. The high-ability and the high-achievement
pupils appreciate significantly more the fact that pupils are allowed to (try to)
solve problems as independently as possible (T8); they want to make their own
guesses at the solution of a problem (T1). At the same time, the low-ability and

the low-achievement pupils are more expectant to receive help from the teacher
(T7, T10).

1.5 —e—High ability
1 I/\0\.\‘\ —=— | ow ability
0

T11* 5 T8* T3 T T7 T4 T9 T6 T10* T2

Item

Figure 5
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15 —e—High achievement
—B—Low achievement

<

"] .\\
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T8* T11 T4 ™ T3 T5 T9 T7 T10 T6 T2

Item

Figure 6

Conclusions and Discussion

The findings of the study support the view laid out in the introduction that pupils’
conceptions of mathematics and the learning of mathematics are generally cor
related with not so much their individual ability and achievements as the general
paradigm of mathematics teaching prevalent in a given country. However, certain
differences based on achievement and ability may still be observed among the
pupil groups examined in our study.

The study revealed that high-ability pupils have considerably greater faith in
achieving success in mathematics learning than low-ability pupils. Compared to
other pupils, high-ability students are considerably more desirous of each pupil
being able to work according to his or her ability. They want to develop their
ability and are ready to do more work in the name of success. Low-ability pupils,
however, are more disposed to give up than pupils with high ability.

The greatest differences between the students of low and high ability lie in
the determination of a pupil's independence and activity by the pupil himself.
Low-ability pupils are considerably more disposed to receiving explanations
from the teacher while high-ability students desire to work independently. Nev-
ertheless, several studies indicate that all students must be actively involved in
their learning. Under such organization of the learning process, students are able
to achieve higher grade point averages than under traditional learning methods
(Alper et al., 1997). As students work a task, the teacher must give them freedom
to solve the problem in their way rather than in some predetermined way. Ho
ever, the teacher’s duty is to organise independent work in such a fashion that
each pupil (more able and less able alike) receives instructions from the teacher
to the extent necessary for him or her.

Understanding the subject is considered equally important both by less able
and more able pupils. This finding was also confirmed by an analysis of the part
of the questionnaire where free answers were allowed. Sometimes, however,
teachers do not believe that each pupil is able to understand the materiat. For i
stance, CROmer writes that in the opinion of a pre-service teacher only 50% of
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the studentdiave the chance to learn something in mathematics lessons by u
derstanding. The rest have to learn by heart only to survive his time at school
(Rémer, 1997). Nevertheless, the pupils’ responses demonstrate how important it
is for the teacher to look for a suitable way for less able pupils also to be able to
understand the subject they learn. For instance, one of the low-ability students in
our study claims thanhathematics can be very interesting if | understandyever
thing.

The conceptions of the extreme achievement groups broadly coincide with
those of the extreme ability groups. Significant differences were manifested in
two domains: a) mathematics teaching and b) the content of mathematics.

Regarding the ways of mathematics teaching there were no significant differ
ences in the opinions of the extreme achievement groups whereas the extreme
ability groups evidenced statistically significant differences in four of the eleven
items. All these items were related to the teaching methods egougiiade-
pendent learning; in this respect, the high-ability students preferred teaching
methods granting them greater freedom. This may imply that teaching methods
presupposing freedom of activity are particularlgessary for mathematically
talented pupils. Pupils whose mathematical achievement is based not oy on i
nate ability but also other factors are less enthusiastic about teaching methods
that give them a free hand.

Regarding the content of mathematics, however, the only significant-diffe
ences were those between the two achievement groups. They concerned the im-
portance of calculation skills in mathematics. The high achievement group co
sidered these skills an important feature of good mathematics teaching. The es-
tablishment of the type of high-achievement pupils who consider the almve fe
ture particularly inportant would require further research.
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Algebraic Knowledge in Upper Secondary School

Per-Eskil Persson, Tomas Wennstréom
Klippans Gymnasieskola

Abstract
In August 1998 we started a longitudinal study of how students in upper
secondary school develop their knowledge of algebra. The main source
of inspiration for this study was an animated debate that was going on in
the end of 1997, on beginner university students’ skills — or rather lack
of skills — in mathematics. We have now followed about 100 students at
the science programme &lippans Gymnasieskola during their three
years in upper secondary school. In this paper we give a summary of the
study and present some preliminary results.

Background
It is a well-known fact in most countries for researchers as well as teachers, that
the learning and teaching of algebra is difficult. Many students — perhaps most of
them — find it hard to learn algebra and the outcome of the teaching is often
depressing. On the other hand proficiency in algebra is a critical filter for suc-
cessful studies in mathematics, science, engineering etc. and most failures on
undergraduate level in these careers are probably due to lack of algebraic ability.
Consequently there is a great interest in improving the learning and teaching of
algebra. Even if we still wait for a general and testable theory in the field there
are some results of interest for classroom practice. However, much work remains
to be done, and it will certainly take a long time to understand thoroughly how
students learn algebra (Kieran, 1992; Bednarz e1296; Bergsteant al., 1997).
Algebra in this context is traditional school algebra. Typical topics are
simplification of algebraic expressions, linear and quadratic equations, simple
systems of equations and simple functions. One way to structure school algebra
is to use the three different phases of the algebraic cycle (cf. e.g. Bell, 1996, p.
185):

» translation from a problem situation to an algebraic expression
(representing)

« transformation and simplification of an algebraic expressions
(manipulating)

« interpretation of an algebraic expression (interpreting).

In traditional algebra teaching much emphasis has been on transformations, but
we think all the three phases are equally important. One reason for this is modern
technology. Computers and calculators can manipulate algebraic expressions, but
they can’t translate and interpret them.
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So far results from this study have been presented in four refpatsspn &
Wennstrém, 1999, 2000a, 2000b, 2000c). As the students have now (June 2001)
left upper secondary school, the acquisition of data is completed. Some further
analysis of the material collected remains. Results and a summary of the whole
study will be published in a fifth and final report. This is expected to be available
in the end of this year.

Questions of interest

Our perspective is that of the practitioner — the teacher in the classroom. There-
fore our main concern is how to improve our students’ learning of algebra and

our own teaching practice. Of course a lot of different questions can be posed in
this context. We have focused on the following ones:

*  What skills of algebra are necessary today and which of them are most
important? What by hand skills must the students know and how certain
must they be in performing them? What should comprise a minimal
curriculum?

« How will modern technology affect the learning and teaching of algebra?
What algebra should be learnt, when relatively cheap calculators that can
perform symbolic calculations are available? How can we use the
technology to improve the understanding of algebra?

» What factors facilitate the learning of algebra?

« What factors obstruct the learning of algebra?

»  What skills of comprehensive school mathematics are most important in
learning algebra?

« What factors make some lower-ability students — having initially many
difficulties in learning mathematics — succeed in the end?

Methods

The study is mainly a qualitative one although some quantitative results will be
given. To collect data the following methods have been used: tests, question-
naires and other written material, interviews and observations of the students. As
we have been teaching about half the number of students ourselves, it has been
possible to observe these students almost daily.

By testing at intervals we have been able to monitor the development of the
students’ knowledge of algebra. The first test was given when the students began
upper secondary school in August 1998. They also answered a questionnaire and
some (about 20) were interviewed. The purpose was to classify their skills and
attitudes at the beginning of upper secondary schetséon & Wennstrom,
1999).

The second test and questionnaire was given a year later in the beginning of
September 1999. A lot of other written material from the students’ first year was
also collected. Using all this material we could see if and in what way the
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students’ algebraic knowledge had changed during the first Y=asqon &
Wennstrém, 2000a, 2000b).

In the end of the second year the students were given a thir@éessgn &
Wennstrom, 2000c) and a fourth test was given in the end of their final year. The
main purpose of these two tests was to study what knowledge of algebra the
students retain.

Some methodological problems should be noted:

« The amount of data collected is huge. How are we supposed to select and
structure the material in order to get the most interesting and relevant
information? How to avoid bias?

* As we have been teaching some of the students, we have been both
observers and participants. How does this affect our objectivity? All
observers are more or less subjective, but how do we minimise the
subjectivity?

* Our study is performed in a certain environment with a limited group of
students. How general are our findings?

These problems are not easily resolved. All experimental educational research is
facing them and it is always necessary to stress that the findings of such research
never have the same reliability as e.g. those in physics (cf. Wheeler, 1996,
p.147). One way — maybe the only one — to test the plausibility of one’s findings
is to compare them with those of others — scholars as well as practitioners.

Results

To give the reader an idea of the tests used in the study we present here the fourth
and final test. Some results with comments are given and comparisons are made
with the other tests. Some facts should be stressed:

* The students’ learning situation has not been favourable. The curriculum
of 1994 has been too ambitious. Too much material (in algebra,
trigonometry, calculus etc.) has been covered in too short a time. For most
of the students this has resulted in superficial and procedural learning
without a deeper understanding of many of the concepts discussed. Both
knowledge and skills have been affected negatively by the shortage of
time. (In a new curriculum more time will be allocated to mathematics.)

* Because of practical and administrative problems it has not been possible
for all the students to perform the test. 74 out of 92 have done it. We think
this is enough to give a true picture of the situation. Besides we have a lot
of other material to check the reliability of our findings.

* In a longitudinal study too many tests, questionnaires etc. may wear out
the students and as time goes by they become less motivated to participate
in the study. This has not been a great problem in our study. Most of our
students have been very co-operative and made a real effort. Nevertheless
we have encountered some small problems of motivation on the last two
tests
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The test consisted of 20 questions. It was a paper and pencil test. Calculators
were not permitted. On 17 of the questions (1a-8) an answer should be given and
on 3 (9a-c) a solution. The figures given below (in brackets) are the number of
correct answers/solutions in percent.

1. Solve the following equations
a) 4x-15=75-x (72%)
X
b) 5 -6=14 (86%)

c) x?+3=7 (70%)
d) (x=-3)(2x+2) =0 (28%)

Most wrong answers on question 1a and 1b are slips. Almost all students know
how to solve these types of equations. On the first test there were similar

equations e.g4x—-15=75 (71%) andg+6=14 (81%). The conclusion is

that students know how to solve simple equations already when they leave
comprehensive school and that they maintain and improve this ability in upper
secondary school.

Question 1c shows that most students know the meaning of a solution of an
equation and can find its root by trial and error. Comparison with a similar

question on the first tes2* —1= 7 (51%) indicates some progress.
The results on question 1d are a bit disappointing. Many students multiply
the parenthesis and then they use a formula to solve the quadratic equation. They

getl.25+ \1.25% +1.5. But without a calculator they get stuck. On this question
most students show more instrumental skills than a real understanding of
equations.

2. Simplify the following expressions

a) 3(4-3x)+4(3-4x) (77%)
b) 3(4 +3x) - 4(3-4x) (88%)
) (2x—5)(3x+4) (84%)
2
d) X -8 (22%)
X—2

If we compare question 2a-c with similar ones on the first two tests (figures in
brackets are results of the first and second test),

10x+3(4-3x)+8 (54%, 88%)
10x-3(4-3x)-8 (42%, 77%)
(2x-5)(3x+4) (19%, 79%)

we observe that the improvement in transforming simple algebraic expressions
the students achieved during their first year in upper secondary school is retained.
This supports the opinidekenstam ancreger expressed as early as 1987:
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The customary way of teaching elementary algebra has to be reassessed:
algebraic transformations and manipulations, described at the beginning
of this article seem to be introduced too early and too quickly. (Ekenstam
& Greger, 1987, p. 312)

Our study strongly indicates that most of algebraic transformations and simplifi-
cations could wait until upper secondary school. The students should meet alge-
bra in compulsory school but other aspects of it as understanding of variables and
the use of letters in algebraic expressions should be stressed.

The very depressing result on question 2d was expected. When the students
start upper secondary school most of them lack both understanding of rational
numbers and skills in using them. As there hasn’'t been enough time to learn this
properly in upper secondary school it has been more and less pointless to work
with rational expressions.

3. What can you say about c if c+d=10 and c<d ? (61%)
4. Which is larger 2n or n + 2.? Explain! (41%)

These two questions test the interpretations of letters on the highest levels
according to the classification by Kiicheman - letter as generalised number and
letter as variableKiicheman, 1981). Most wrong answers also indicate some
understanding e.d0 < c< 4.9 or 1< c <4” on question 3 antif n > 1.5

2n > n+2” on question 4. The conclusion is that most students have reached the
highest levels according &iicheman’s scheme.

5. At a school there are 9 times as many students as teachers. Find a formula
between the number of students S and number of teachers T.  (59%)

This is the classical Student Professor problem (cf. e.g. Kieran, 1992, p. 393).
About 30% of the students give the wrong answer T=9S. That is something to
reflect on.

6. How many stars are there in * * *** o xox o
a) pic.5? (92%) * ok ok ok ok ok k% x ok kX
b) pic.100 ? (66%) N : : : : :

S .
c) pic.n * (66%) bied  pic2 bie3 o

That almost 70% of the students can give a correct general formula is encoura-
ging. Compared to a similar question on the first test it is an improvement.

7. From a wire of 12-cm length a piece of x cm is cut off. From this piece of x
cm a circle is formed and from the remaining piece of the wire a quadrate.
a) Find the radius of the circle expressed in x. (35%)
b) Find the length of the side of the quadrate expressed in x. (69%)

It is a bit surprising that twice as many give the correct answer on question 7b
than 7a. A general reflection — supported by results of other tests and many
observations — is that the ability to translate from a problem situation to an
algebraic expression could be improved.
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8. Apples cost a kr each and pearkrteach. What does the expression 3a + 5b
mean?(92%)

The result of this question shows that almost all students can interpret simple
algebraic expressions. Other material supports this conclusion.

9. Solve the following equations.

a) 2x%+x-3=0 (12%)
b) 4(x-1)?-(2x-1)%=39 (31%)
3 2
== 43%
C)X—Z 3 (43%)

The result of question 9a may seem very depressing. Yet the students know how
to solve a quadratic equation. Many of them get the expres§i@s+1.5625,
but without a calculator they can’t go on (cf. question 1d). The difficulty is
avoided if one uses fractions instead of decimal numbers, but as our students
haven’'t much practice to use fractions they avoid this.

The mistakes on question 9b are mostly small ones. For example,
12x +3=39gives 12x =42 and 4(x? +2x+1) - (4x? - 4x+1) = 39 gives
4x? +8x+8-4x? +4x—-1=39. There are minor errors of plus and minus.
Most students know how to simplify expressions of this kind. They have an
understanding, but lack the certainty to perform by hand calculations correctly.
More drill could be a remedy. But is this certainty important today, when we
have calculators and computers that can perform symbolic calculations? Can't
the time available be used in a better way e.g. to improve the students’ under-
standing of mathematical concepts and their ability to solve problems?

Summary
Let us sum up the major findings of our study so far:

« What makes some lower-ability students succeed is a very complicated
interplay of cognitive and affective factors. However, one very important
factor for success — perhaps the most important one - is that both the student
andthe teacher believe it is possible. Another is that the student is allowed to
start from what she/he knows and not from what she/he is supposed to know.

» Important skills of comprehensive school mathematics are good number
sense, understanding of variables and the use of letters in algebraic expres-
sions. This knowledge is more important than being able to manipulate
algebraic expressions. Often simplifications and transformations are intro-
duced too early and too quickly. The students don’t understand what they are
doing and the answers are often haphazard.

» Affective factors as motivation and self-confidence are very important in
learning algebra.
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» Acquiring knowledge of algebra often occurs in leaps. There are thresholds to
be passed.

* It is absolutely necessary to analyse the student’s mistakes thoroughly to be
able to find the right remedy. If e.g. the student makes mistakes in mani-
pulating algebraic expression and the errors are mainly due to difficulties in
handling negative numbers, it is pointless and might even be harmful to
practice more manipulations. It is not possible to go on until the student
masters negative numbers.
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On the Aim of Service Mathematics
at Universities in Changing Circumstances

Kaarin Riives-Kaagjarv
Estonian Agricultural University

Abstract

In universitiesthe teaching of service mathematicsoften encounters
negative attitudes as if it were redundant in the ageosfputersand,

moreover, mathematics is not easy to learn anderstand,especially
if the starting level is not high. Here someobjectivesfor learning

mathematics, apart from that of gaining general mathematical
knowledge,are formulated and some ways of achieving them are

described.lt seemghat if a studentespouseghe conceptof lifelong

study, then through the formulated objectives and effective study
methodsit is possibleto attain a result of greater generality: the

studentshould be able to continueto handle mathematicalmaterials
and help himself in applications that may arise.

Introduction

The part of mathematics used in applied sciencegtardforetaught at univer-
sitiesto studentsof numerousspecialtieshad remainedrelatively stable for a
long time in all countries,including Estonia.However,the opportunitiesof the
past decade to lead our own political and economic life le/asto a needto

reform our educationalife aswell — to give senseto the nature of education
underthe new conditionsand to makeany correspondingchangesn the con-
tents and methodsof what was being taught. Groundedon long-time expe-
riencein teachingmathematicst a tertiary institution inclined towards applied
sciencebeing awareof the basic mathematicatopics requiredin applications,
and having observedhow the knowledgeacquiredby pupils at schoolas well

as their readinessfor acquisition of new mathematicaknowledge has been
changing,we have had to concludethat the gap betweenthe needsand the
possibilitieswas widening. A lot of work hasalreadybeendone in Estoniaon

the rearrangement®f curricula and course systemsin schools of general
educationas well as universities,but it is not clear at all, due to the inertia
inherent in education, whether these changes are working in the desired
direction. In the hope of generatingideasconduciveto progress,let us note
some observations and make some suggestions based on experience.

In a computerisedvorld it is importantto educatethe public that mathe-
matics is not merely computatiolt a specialsystemof knowledgedeveloped
to help mankind answer questionsit has faced (McComas, Almazroa and
Clough,1998).It servesthat samebasic purposetoday. This is especiallytrue
from the viewpoint of applied scienceswhich it servesas the language of
problem solving, a language that is itself in need of study (Lozinska$®)and
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further developmentfor its own internal requirements.Without doubt, only
interested mathematical enthusiastsrk in this field, and herewe will not deal
with specificproblemsof their preparednestor this task, but ratherdirect our
comments for consideration to fellow educators wiwok in schoolsof general
education or with tertiary students of applied subjects.

Objectives for learning mathematics

The purposeof teachingmathematicsn generaleducationis the familiarisation
of the studentwith basic mathematicalconcepts,operationsand facts, all of
which set the ground for immediate application of such knowledge as well as
the developmentof logical thinking and a scientific outlook. No doubt this
purposewill remain. However, use of a wider context, i.e. referenceto life
around us from which to seek and find mathematicalproblems of suitable
difficulty capableof solution, might facilitate acquisitionof this knowledge. At
every stage,n the ideal case,one wantsto expectthat the studentdevelopsa
world outlook conducive to a more favourable attitude on the part of the
generalpublic towards mathematicsand its study (Kahn, 1999). This should
certainly be an aim in universities. Ever decreasing time availabditials stages
of the educationatoad createa difficult situationfor first-yeartertiary students
and the staff working with them, due to a continuousdecline of basic mathe-
matical knowledge of the entrants. It is therefore more imperfdiveniversities
to define theirobjectivesto which they aspirewith any particularmathematical
study courseand which take account of both the knowledge level of the
student as well as his preparednes$or seriouswork, and yet allow him to
succeedin meetingfuture challengesof life. We have in mind the following
objectives:

1) ability to see and enunciate the problem;

2) ability to formalise the problem;

3) ability to search for a method of solution;

4) ability to assess the truth value of the solution and to interpret the result.

It seemsthat this set of goals helpsyoung peopleto acquire the concept of
lifelong study and gives them experience in effectual study methods.

The opportunity for this lies within any kind of mathematicscourse. The
teacher needs to take advantagfe it and seek ways of making useof it
even when the study programme follows traditional likes.instance he might
try to achieve the result thdiy the end of the course the studentshouldhave
acquiredthe skill to formulateand interpreta problem,andto find a methodof
solution at leastwith the aid of literature. This presupposedamiliarity with
theoreticalmaterialof a certainlevel and proper ability to read mathematical
texts. The outcomeof the solution shouldnot be the goal in itself. Rather,the
goal shouldbe the ability to assesshe truth value of the answer,and a skill to
use or interpret iWaysleadingin that direction have beenexaminedby Kahn
(1999) and by Mousley (1999). At the Estonian Agricultural Universigyhave
some practical experience with these goals which essentiallyoresite idea of
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discardingthe usualview of mathematicsas consistingby and large of mathe-
matical analysis, algebra and geometry, the existence of viteseconnections
is not often given sufficient attention (Riives, 1999).

Our experience

Our one-yearcourse of higher mathematicsbegins with chapterson linear
algebra, vector algebra and analytical geometry. This provideportunity to
revise and systematise the knowledge gaindidgh schoolandto bring it to a
level from which one can advanceeither through additional mathematicsor
specialty courses.As the material is already largely known to our students,
according to current high school curricula, it is possible to devote major
attention to precisely the goals mentioned above. Often this presupponsas,
part of the students,a work attitude different from that which was manifest
before —continualintensiveindependentvork, to which they areled by home
assignments on eveigtegraltopic treated.Difficulties that arisecan be solved
by way of individual counsellingswhich can also provide an impressionof
how well the materialhasbeen understood.While questionson linear algebra
are often easily done by algorithm and thereforethe methodsof solution are
standard and, with proper equipment, capable of being handled by calcatators
computersproblemsin vector algebraand analytical geometryare different in
that it ispossibleto referto the useof handy materialand to the importanceof
interpretation when seeking a method of solution.

Besidesother existing referencematerial, we have employedspecialtables
of the elementsof theory. Thesepoint out the differencesand similarities of
correspondingpperationsand conceptsand draw useful comparisonsin dea-
ling with topics in geometnyit is inevitablethat one will visualiseconceptsand
problemsin terms of models, other handy devicesor drawings. Seeing that
problemsin analytical geometryrequire application of methodsof linear and
vector algebra,and elementsof vector algebrawill renderthe solution of a
problemvery compactand elegant,we have here an opportunity to refer to
mathematics as an integral disciplinewihich familiarity with one part will help
with anotherpart. Also, in this discipline, the formulation of a problem may
dependon the point of view. For instance,solution of a systemof linear
equationsis usually given in algebraicterms,but in geometrictermsthe same
problemmeansdeterminationof the intersectionof hyperplanesThis example
allows usto speakof a linear equationas one determininga hyperplaneor to
view ahyperplaneasthe setof points whosecoordinatessatisfya linear equa-
tion. No doubt it is possibleto come up with many such relationships.The
interpretationto be usedwould depend,on the one hand, on the particular
problemunder considerationand, on the other hand, on the capabilitiesand
psychology of the working group. First and foremost, however, it woajtend
on whetherthe dominantway of thinking is analytical or visual. Which repre-
sentation is to bereferred,in what part and to what degreewould dependon
the emotional intelligence of the teacher, ondbgreehe knows and considers
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his students their level of proficiency, their abilities and interests.The latter
should rapidly become evident during counselling on individual difficulties
brought to light by assignments.

The main part of a courseon higher mathematicss usually devoted to
traditional mathematical analysis — differentiation and integratidoraftions of
one or several variables, topics already pdatgiliar from high school— aswell
as applicationsto solving differential equationsand in the theory of infinite
series.Theselatter endeavoursfrequently occur in the private studies and
further work of university students. In these aralss,especiallyin clarification
of basic concepts, a geometric approach is very uddhast studentsof applied
specialsubjectswill arrive at a propercomprehensiomnf a variableand its limit
only when, alongsidewith a mathematicallycorrectdefinition, they aregiven a
geometric interpretation in which every detail in the definition is viewedrins
of the motion of a point on the real axis. When the need arises to ckddfions
between extremal anstationarypoints of functionsof severalvariables,formal
definitions are often insufficient, though it is mdifficult to learnthemby heart.
Considerableexcitementand even surprisecan be generatedin studentsby
treatment of these concepts in terms of examples involving gramtigpat and
hyperbolic paraboloids The exciting geometricfeaturesof the latter, when first
mentioned, have even led to objections, which could be dispelled witidioé
threadmodels.It is particularly noteworthy that this could not be achievedby
rigorous analytical presentation.With referenceto the possibilities of use of
such surfacesin civil engineering,one has gone a long way towards seeing
mathematics as an exciting field of knowledge.

In manytopics,in orderto systematisehe searchfor a methodof solution,
use may be made afspecialsyllabus-basedjuestionnairewhich could leadto
a consideredchoice.For instance facedwith a task of integration,we usually
begin by determiningthe classto which the integrandbelongs,after which it
becomesevident whether the integral can be found directly from tables or
reduced taoa tableintegral by algebraicor trigonometricsimplificationsor whe-
ther a substitution or an integration by parts will supply the solution. The
sequence within the questionnaire will eliminate arbitrary atteatgelutionto
which students are prone when the nature of thehaskemainedobscure. An
ordered arrangementof various differential equations will serve the same
purpose.t will leadto a methodof solution basedknowingly on factsderived
from theory,in termsof their types. By analogousproceduresit is possibleto
deal with all the topics in oygrogramme Sucha searchfor suitablemethodsof
attack could provide enjoyment to the teacher as well.

Conclusions

At the end of the study courseit has been satisfyingto observethat many
studentshave sensedtheir ability in mathematicshave acquireda measureof
experiencein working with mathematicalmaterials,and have learnedto see
possibilities of application in their areaé specialty.Not of leastimportanceare
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the positive formatesultsat completionof the course.To sumup, the setgoals
are in many instancesachievablein the mannerdescribed.Our conversations
with students to test their knowledge help thenagsimilatethe materialand to
appreciateconnectionsbetweendifferent parts of the course.They could see
the course as being an integral whole and also gain experiencein precise
thinking and expressing their thoughts prope@jten they would confessthat
the proposedvork style helpedthem masterthe subjectwith understandinglt
seemsthat through formulatedobjectiveswe can attain a generalresult: the
studentshould continueto be able to handle mathematicaimaterialsand help
himself in applications that may arise.
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of Algebra at Universities
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For teaching on the basis of the genetic approach, we offer to construct didactical
system of study of a mathematical discipline (a part of a mathematical course,
important concept or system of concepts) consisting of two parts 1) preliminary
analysis of the arrangement of the contents, of didactical means and 2) concrete
design of the process of teaching.

The preliminary analysis consists of two stages: 1) genetic elaboration of the
subject matter and 2) analysis of the arrangement of a material and possibilities
of using various ways of representation and effect on students. The genetic
elaboration of a subject matter consists of the analysis of the subject from four
points of view:

a) historical;

b) logical,

¢) psychological,;
d) socio-cultural.

The historical analysis frequently encounters with large complexities because of
insufficient knowledge of the history of the origin and development of many
branches of modern mathematics included in university curricula, inaccessibility
of the literature on the given subjects. Therefore, it is necessary to conduct re-
search of the history both of appropriate areas of modern mathematics, of their
inclusion in the university curricula, to study educational literature, text- and
problem-books, the history of the teaching of modern mathematics. As more or
less accessible sources for the teachers and students the monographs and other
scientific works — books and articles, books on the history of mathematics and
mathematics education, manuals and encyclopaedias can serve. Very important is
also to study original works of great mathematicians, classical textbooks, popular
scientific literature, journal and magazine articles. The purpose of the historical
analysis is to reveal paths of the origination of scientific knowledge underlying
the educational material; to find out, what problems have generated need for this
knowledge, what were the real obstacles in the process of the construction of this
knowledge.

In designing the system of genetic teaching very important is to develop
problem situations on the basis of historical and epistemological analysis of a
theme.

The major aspect of logical organisation of an educational material consists
in organising a material so that to reveal the necessity of the construction and of
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development of concepts and ideas. It is necessary to arrange problem situations
or tasks, for which the important concepts or ideas, which should be studied,
would serve as the best solutions. It is necessary to analyse those problems of
knowledge, for which the considered concepts and ideas serve as the necessary
solutions. For this purpose, both historical analysis and epistemological conside-
rations, and special search for appropriate problem situations and tasks can help.

In our view, for the logical organisation of a system of concepts and pro-
positions of a theme, of the teaching unit of a mathematical discipline, one
should carefully analyse the logical structure of such system, for example,
required, for example, for the construction of a concept or for the statement of a
proposition. We will name the results of such analysis a logical genealogy of a
concept or a proposition. In the university mathematics, especially in higher
algebra, such genealogies may be rather complicated (see fig. 1).

Clearly, such complicated structure of concepts and statements, needed for
understanding the theorems of large difficulty, requires well-designed activities
for successful learning.

Therefore, very important is also the psychological aspect of the genetic
approach to the teaching of mathematical disciplines.

The psychological analysis includes determination of the experience and the
level of thinking abilities of the students (whether they can learn concepts, ideas
and constructions of the appropriate abstraction level?), possible difficulties
caused by the beliefs of the students on mathematical activities (for example, the
students can bear from school views on mathematics as mere calculations aimed
at the search of (usually unique) correct answers with the help of ready instruc-
tions etc.). The psychological analysis has also the purpose to plantarstnfc
the activities of the students on mastering concepts, ideas, algorithms, to plan
their actions and operations, and also to find out necessary transformations of
objects of study.

When studying university algebra courses, the students usually are encoun-
tered with sequentially growing steps of abstraction - with a «ladder of
abstractions».

Stolyar (1986, p. 58-60) has revealed 5 levels of thinking in the field of
algebra and has noted, that “the traditional school teaching of algebra does not
rise above the third level, and in the logical ordering of properties of operations
even this level is not reached completely”. The following is the description of the
third, fourth and fifth levels according &tolyar (ibid., p. 59):

On the 3-d a level the passage from concrete nhumbers expressed in
digits, to abstract symbolic expressions designating concrete numbers
only in determined interpretations of the symbols is carried out. At this
level the logical ordering of properties is carried out “locally.
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209



Papers

On the 4-th level the possibility of a deductive construction of the entire algebra
in the given concrete interpretation is become clear. Here the letters designating
mathematical objects are used as variable names for numbers from some given
set (natural, integer, rational or real numbers), and the operations have a usual
sense.

At last, on the 5-th level distraction from the concrete nature of mathematical
objects, from the concrete meaning of operations takes place. Algebra is being
built as an abstract deductive system independent of any interpretations. At this
level, the passage from known concrete models to the abstract theory and further
to other models is carried out, the possibility of existence of various algebras
derived formally by properties of operations is accomplished”.

Thus, to the 5-th level the deductive studygodups, rings, serially ordered
sets etc. corresponds. The highest degree of abstraction here is the study of gene-
ral algebraic systems with various many-placed operations.

To the 4-th level corresponds, for example, a systematic and deductive study
of the sets of natural numbers or integers. Therefore, taking into account, that in
school teaching even the 3-rd level is not completely reached, it would be
certainly a big mistake to omit in pedagogical institutes the 4-th level (systematic
study of an elementary number theory) and immediately pass to the deductive
study of groups, rings and even of general universal algebras (as is done in a text-
book byKulikov, 1979). Therefore, systematic study of the elementary number
theory can serve as a good sample of the construction of a deductive theory for
preparation for the further construction of the axiomatic theories.

Stolyar built his classification of levels from the point of view of teaching
school algebra. In our view, development of algebra as a science in the last
decades (after the World War 1l, under the influence of work&ilehberg and
MacLane, 1945, and Maltsev, 1973) allows to distinguish one more higher, the 6-
th level of algebraic thinking - we will name it thevel of algebraic categories.

At this level the entire classes of algebraic systems together with homomor-
phisms of these systems - varieties of universal algebras, categories of algebraic
and other structures (for example, topological spaces, sets and other objects) are
considered. Thus, the abstraction from concrete operations in these structures and
from the nature ohomomorphisms and generally of maps takes place; mor-
phisms between objects of categories are considered simply as arrows subject to
axioms of categories — for example, @Esociativitiy law for the composition.
Moreover, the functors between categories — certain maps compatible with the
laws of the composition ahorphisms, and natural transformationsfiofctors

are considered.

Note that Piaget in the last years of his life was interested in the theory of
categories as the highest level of abstraction in the development of algebra
(Piaget & Garcia, 1989).

The teaching of algebra at this level (theory of categories and varieties of
universal algebras) is not included into the obligatory curricula even of leading
universities and happens only on special courses. But, nevertheless, the presence

210



1ldar Safiianov

of this level demands that the students should master algebraic concepts in
obligatory courses in a sufficient degree for understanding the algebraic ideas on
the highest level of abstraction.

Essential in teaching algebra and number theory in pedagogical institutes are
the 4-th and 5-th levels in the classification of Stolyar. First of all, the 4-th level
(which is already beyond the school curricula) should be reached. Therefore,
during the first introduction of the definition of group in the beginning of the
algebra course, one should not immediately begin the full deductive treatment of
the axiomatic theory of groups. Only after the experience of the study at the 4-th
level of thinking in the field of algebra, namely of the study of the elements of
number theory, it is possible to consider a deductive inference of the most simple
constructions and statements of the group theory, and the systematic account of
complicated sections of the theory should be postponed to a later time, after
studying at the 4-th level of such themes as complex numbers and arithmetical
vector spaces.

Piaget who developed the classification of levels for thinkingn the fields
of geometry and algebra (“intra”, “inter” and “trans”), noted that it is possible to
distinguish sublevels inside each level (Piaget & Garcia, 1989).

According to the theory of Leontyev (1981), actions on learning concepts, as
well as any actions, consist of operations, which are almost unconscious or
completely unconscious. These operations are essentially «contracted» actions
with the concepts of the previous level of abstraction. As Kholodnaya (1997)
noted, «a contraction is immediate reorganisation of the complete set of all
available ... Knowledge about the given concept and transformation of that set
into a generalised cognitive structure».

The theories of Dubinsky (1991) and Sfard (1991) are close to the Soviet
conceptions of actions and operations as contracted actions in mathematics
teaching.

In our view, for reaching a contraction of an action with algebraic objects
into (automatic) intellectual operation it is necessary, after sufficient training
with of this action, to include it in another action, connected with the construc-
tion of objects of the next step of abstraction.

One more purpose of the psychological analysis of the subject matter is
finding out the ways of the development of motivation of learning.

The socio-cultural analysis has a purpose to establish connections of the
subject with natural sciences, engineering and economical problems, with ele-
ments of culture, history, public life, to reveal, whenever possible, non-
mathematical roots of mathematical knowledge and paths of its application
outside of mathematics.

During the second part of analysis, considering the succession of study, it is
necessary, in accordance with the principle of concentrism (Safuanov, 1999), to
find out, on the one hand, which earlier studied concepts and ideas should be
repeated, deepened and included in new connections during the given stage, and,
on the other hand, which elements studied at the given stage, anticipate important
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concepts and ideas, which will be studied more completely, become clearer later,
to check, whether there are possibilities of such repetitions and anticipations.

The principle of multiple effect requires also the finding out possibilities of
multiple representation of concepts studied, of use of active, iconic and verbal-
symbolical modes of transmission of information, of other means of effect on
students (the style of the discourse, emotional issues, elements of unexpectedness
and humour).

After two stages of analysis, it is necessary to implement the project of the
process of study of an educational material. We divide the process of study into
four stages.

1) Construction of a problem situation
In the genetic teaching, we search for the most natural paths of the genesis of
processes of thinking and cognition.

According to the activity approach to the process of teaching, usually “the
initial moment of the mental process is the problem situatiofthis problem
situation involves the person in the thinking process; the thinking process is
always directed to the solution of a problerRubinshtein, 1989, p. 369). There-
fore, the main purpose of the teacher is to construct a problem situation. The
necessity of the construction of a problem situation was underlined by many
prominent educators — by constructivists (creationdigequilibrium”) and rep-
resentatives of the “Frendaidactique” (“didactic engineering”, directed on the
creation of the didactical situations, on determination of the “epistemological
obstacles”) as well.

2) Satement of new naturally arising questions

According to the theory of the activity approach to teaching, “the arising of a
guestions is the first sign of the beginning work of the thinking and the first step
to understanding ... Every solved problem generates a lot of new problems; the
more a man knows, the better he realises what more he should KRabih{
shtein, 1989, pp. 374-375). Therefore, it is important, after the solution of the
initial problem situation, to constantly consider new, naturally arising questions.
It was well understood by Izvolsky (1924) in his version of the genetic approach.
Thus, in the design of the process of study of a subject the statement of new,
naturally arising, questions is necessary.

Actually, both stages construction of a problem situation and the statement
of new, naturally arising questions — are aimed at the same purpose - to help
students in the independent mastering of a concept. Therefore it is necessary to
organise a construction of problem situations and also statement of new,
naturally arising questions in such way that in a certain moment of time (we will
name such moment “the hour of truth”) the students could, independently or with
the minimal help of the teacher, discover the new concept for themselves. It is
similar to the moment of the selection in a subject of “the initial universal
relation”, leading to the theoretical generalisation in the theory of learning
activity of Davydov (1986, p. 148), and also to the act of reflective abstraction

212



1ldar Safiianov

(as the of interior co-ordination of operations of the subject in a scheme) in the
theory of Piaget (Dubinsky, 1991), and also to a momentrefffigation (Sfard,
1991). Such organisation of teaching frequently may be quite difficult and not
always completely possible. For this reason we admit appropriate help from by
the teacher.

3) Logical organisation of an educational material

Here, after the problem situation has been dealt with, the paths of its solution,
various aspects and natural arisen questions have been discussed, the appropriate
motivation has been reached, the construction of the elements of the theory -
precise definitions, statements (axioms and theorems), conclusions takes place.
At this stage deductive reasoning plays the great role. In our approach this stage
may be rather long in time and even, in the accordance with the principle of
concentrism (Safuanov, 1999livided in several stages — “coils of a spiral”.

4) Development of applications and algorithms

After the logical organisation of mathematical objects of a studied theory, it is
possible to consider various interesting and useful applications of the theory in
practice and in mathematics itself. According to the principle of multiple effect
(Safuanov, 1999), it is necessary to solve the sufficient number of exercises on
the variations of signs of concepts, on the inclusion of concepts in new
connections and contexts, on various transformations of mathematical objects
under study.

During all stages of study of the teaching unit or theme it is important to help
the students to develop their own language for expression oédkenings and
ideas. For this purpose each proposition (definition or statement) should be stated
(at lectures and in textbooks), whenever possible, in various languages: logical-
symbolical and verbal (this suggestion complies also with the principle of
multiple effect).

It is necessary also to give the students the exercises on development of
mental operations (analysis, synthesis, generalisation, comparison, analogy,
abstraction and concretisation). For example, the exercises on extraction of
conclusions from theoretical positions will be useful. Such exercises promote
development of abilities of the synthetic reasoning.

Finally, it is very important to encourage reflection in minds of studersgs,
the ability to realise the foundations of their own activities, reasonings and
conclusions, to be aware of the structure of their thinking process.
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Affect and Cognition —
Two Poles of a Learning Process

Wolfgang Schléglmann
Universitat Linz

Abstract

The aim of this paper is to analyse the relationship between affect and
cognition on the level of the individual learner. The concept of "affect
logic" which combines the psychoanalysis of Freud with the genetic
epistemology of Piaget, were employed. Within this concept, the psyche
is understood as a complex hierarchical structure consisting of affective-
cognitive schemata. These are the result of maturation and learning pro-
cesses which are based on assimilatory/accomodatory interactions with
reality. If we regard affect and cognition as two inseparable componets
of a mental unit, we are in a position to understand why we can know
anything about our feelings.

Introduction

Learning - especially learning of mathematics - was long considered to be only a
problem of cognition. The restriction to cognition was helpful in constructing
complex cognitive models of the learning process, but neglected the important
role of affects. McLeod (1992) emphasised the importance of affect as follows:

Affective issues play a central role in mathematics learning and instruc-
tion. When teachers talk about their mathematics classes, they seem just as
likely to mention their students' enthusiasm or hostility towards mathema-
tics as to report their cognitive achievements. (p. 575)

Concerning research on affects and learning of mathematics, McLeod's central
demand is the linkingf affective and cognitive components in models of the
learning process and he also suggests that beliefs (about mathematics, self,
mathematics teaching and the social context), attitudes and emotions should be
important factors in research on the affective domain in mathematics education.
McLeod (1992) distinguishes the following dimensions of variations in affect:
Intensity, directions (positive vs. negative) and stability.

Beliefs and attitudes are seen as "cool" and "stable" whereas emotional
reactions are "hot" and "unstable".

Many investigations show an interrelation between affects (beliefs, attitudes
and emotions) and performance in mathematics. There are also some models that
explain the influence of factors that lead to beliefs, attitudes and emotions, but
the origin of the psychic structure in the background is not part of these models.
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Affect logic - a concept combining affect and cognition

The Swiss psychiatristL. Ciompi, developed a concept that combines Freud's
psychoanalysis and Piaget's genetic epistemology on the basis of system theory
(1982, 1988, 1991, 1999). The following is a brief summary of the most impor-
tant aspects of the affect logic:

* The psyche is seen as a unit. This means affect and cognition, feeling and
thinking are inseparably combined, though dissimilar in nature.

* The psyche is understood as a complex hierarchical structure consisting of
affective- cognitive schemata. These affective-cognitive schemata are the result
of maturation and learning processes based on assimilatory/ accommodatory
interactions with reality.

* The affective-cognitive schemata are condensed to affective-cognitive refe-
rence systems that form an individual's "world view" and control acting and
thinking.

* The affective-cognitive reference system is structured by both the affective and
the cognitive components. Therefore, access is possible through both compo-
nents, but the access is often not complete because certain parts of the system are
uNconscious.

Remarks on the concept of affect logic
For Piaget (Piaget, 1995, p25), affeobidy an energy supplier:

The energetic of behaviour arises from the affectivity, whereas the struc-
ture comes from the cognitive functions. (Translation W.S.)

Ciompi's concept extended the influence of affects to general effects, all of which
have affects in thinking as well as special effects consisting of the basic feelings
(interest, anger, fear, sadness and joy (Ciompi, 1999). In general, affects
influence cognition like operators. They provide the energy through which cog-
nitive processes are motivated or hindered. They control attention and memory
processes, and influence the hierarchy of cognitive schemata. On the other hand,
Ciompi speaks of special "logics" of the basic feelings (for instance, "fear logic"
or "logic of joy or anger"). The term "logic" expresses the view that the kind of
thinking is different if a special feeling dominates. The graphic below (an adap-
tation of Case et. al., 1988), illustrates the influence of affects.

The arrows in both directions mean that the affective-cognitive system
influences the perception, body reactions, actions, thinking and learning, and that
all these, in turn, also influence the affective-cognitive system. To study these,
we go back to Piaget's concept of equilibrium, assimilation and accdatior.

The central idea is as follows. On the one hand, all systems make an effort to
attain and remain in equilibrium with their environment; on the other,hand
systems must interact with their environment, but these interactions can disturb
the equilibrium. To restore the equilibrium, system-specific reactions are requi-
red. These system-specific reactions are "assimilation" and "accatetiord'.
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Arousal Action

Piaget distinguishes a number of forms of assimilation. The simplest only needs a
simple application of a scheme in the cognitive system. Each new successful
application of a scheme extends the application field of the scheme and leads,
therefore, to generalisation. But in this simple case, no change of the scheme is
required in turn.

The second form of assimilation is the so-called "reciprocal assimilation”.
This kind of assimilation leads to co-ordinatioh subsystems or to the integra-
tion of a subsystem into a more general system. Piaget (1978) formulates
these properties of assimilation processes in a postulate:

Postulate 1: Every assimilation scheme has the tendency to grow, i.e. to
assimilate elements that are distinguishable to its nature. (Activity is
necessary for a subject.)

Accommodation is the second system-specific type of reaction of a system to
environmental requirements. An accommodation process is necessary if a prob-
lem is not solvable by assimilation, and requires an alteration of the system.
Piaget summarises the relation between assimilation and accommodation in a
second postulate:

Postulate 2: Every assimilation scheme is forced to accommodate the
scheme on the specificity of elements. These elements are now assimi-
lated. This postulate requires the necessity of an equilibrium between
accommodation and assimilation.
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The last part of the postulate means that the goal of all assimilation/accommo-
dation processes is a hew, more stable equilibrium.

The concept of affect logic transfers Piaget's system-specific reactions
(assimilgion and accommodation) to the development of the affective part of an
affective-cognitive scheme. If Postulate 1 sees activity as necessary for each
human, activity must be seen as emotionally valuable. The basic feeling of
"interest" provides, in principle, the positive energy required for discovering new
things. In evolutionary terms, humans are open to discovering their environment,
to acquiing new experiences - i.e., to learning. The basic feeling of "interest”
also motivates learning processes. This readiness, which exists in principle, to
discover the "world", to learn new things, can be disturbed by negative expe-
riences in relation to earlier learning processes. In these cases, negative feelings
slow down new learning processes and can turn into an obstacle for further
progress.

For Piaget, the simplest form of assimilation is a process that only requires
the application of an existing cognitive scheme to a new situation. Repeated
application leads, in the cognitive case, to stabilisation of the cognitive scheme.
The person thereby acquires a routine for solving a special problem. In the
affective case, the origin of a scheme as the product of a successful problem
solution process is connected with positive feelings. Successful thinking pro-
cesses and learning processes are delightful. But repeated application of a
scheme leads to "emotional neutralisation” of the positive feeling, in some cases
to negative feelings. We know, from our experiences with everyday life actions,
that these actions are often routines, and that these routines are combined with a
low level of emotionality.

On the other hand, we ought to note that every successful application of a
scheme to a new situation leads to an extension of the application field, and that
the scheme is generalised as a consequence.

If we consider the situation in the case of reciprocal assimilation (the second
form of assimilation) from the affective perspective, we find a much more com-
plicated situation. The integration sfibschemata into a more general scheme, or
the assimilation of a scheme into a more general scheme, is a very complex
cognitive as well as affective process. This process is closely connected to the
problem of context-related learning and school learning, and is founded on the
guestion of the relation between the special and the general. This is currently
being intensively discussed, especially in the case of mathematics learning. Here,
the clash is between mathematics as a special tool to be applied only in a special
field, and mathematics as a general tool for many problem situations (Lave/
Wenger, 1991; Evans, 1999).

From the affective perspective, a process as difficult as reciprocal assimi-
lation needs strong support from the basic feeling of "interest". But the process is
very sensitive to failures, and can, following unsuccessful results, lead to
negative feelings.

218



Wolfgang Schléglmann

In my opinion, the process of abstraction and generalisation is one of the most
difficult steps in a mathematical learning process. It is one of the origins of
negative beliefs and attitudes in relation to mathematics.

Beliefs and affect logic

Belief is a very important concept in the affective-cognitive field, and is used by
many researchers. (For a survey of the different aspects of the meanings of
mathematical beliefs, seleehkonen andrérner, 1996.) One of the open
guestions poseldy Pehkonen an@idrner in their summary is:

How do pupils' mathematical beliefs develop under school instruction,
and which are the most influential factors in this development?

Furinghetti andPehkonen (2000) describe the function of beliefs in the following
way:

(a) beliefs form a background system regulating our perceptions,
thinking and actions; and therefore, (b) beliefs act as indicators for
teaching and learning. Moreover, (c) beliefs can be seen as an inertial
force that may work against change, and as a consequence, (d) beliefs
have a forecasting character.

In the following, | will try to analyse these functions of beliefs from the
perspective of affect logic. The affect logic postulates the existence of an
affective-cognitive reference system consisting of a hierarchically structured
system of affective-cognitive schemata. This affective-cognitive reference system
forms, at each instant, the "world view" of an individual in respect of a special
content. It controls the individual's perception, thought, learning and action. The
development of this system and its affective-cognitive schemata is the result of
maturation of the acting and learning processes based on assimilation and
accommodation processes. We ought to note that the processes occur in the
subconscious, and that an individual is conscious of only a part of their out-
comes. Research into beliefs uses methods such as questionnaires and interviews,
methods that only have access to parts of the affective-cognitive system that are
available through introspectioRehkonen and érner distinguish between con-
ception and primitive beliefs:

Conceptions could be understood as conscious beliefs, and thus differ
from so-called primitive beliefs, which are often unconscious. In the case
of conceptions, we believe that the cognitive component is stressed,
whereas the affective component is emphasised in primitive beliefs.

We must take into account the fact that we have no insight into the processes at
the level of neurons and neuronal systems. At this level, all processes are sub-
conscious. Our research methods provide us with knowledge of all the facts of
the mental system that we are conscious of. Therefore, conceptions are beliefs for
which we have rational arguments. The arguments explain the background and
development of the conceptions in a rational way. For primitive beliefs, we don’t
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have a rational explanation. We are partly conscious of them; they affect our
acting and thinking, but their origin is unknown.

Summarising these reflections, beliefs are the conscious window to our
affective-cognitive reference system. They contain our knowledge of the mental
structure that regulates our perception, thought and action, and are therefore our
indicators for learning and teaching.

An affective-cognitive reference system is the result of many assimilation
and accommodation processes. In part 3, | discussed the development of routines.
Routines are the result of many successful applications of a mental system. Every
successful application stabilises the mental scheme. On the other hand, un-
successful learning experiences lead to a non-stabilised cognitive scheme and to
a negative emotional part. If there are many unsuccessful events in connection
with a special content, then on the one hand, an unstable cognitive component,
and on the other hand, a stable negative affective component of an affective-
cognitive scheme, arises. In this case, the affective component leads to a refusal
of all operations that are combined with this content. This is because of the fact
that affects are very important for assessment. They are part of our assessment
system (Roth, 1996), and the assessment system has a great influence on all
thinking and acting processes.

Summarising these ideas, the affective component of the affective-cognitive
reference system has a stabilising effect on the system, which may be negative or
positive. Beliefs, in being the conscious expression of an affective-cognitive
system, mirror this reaction of a system. Therefore, beliefs are able to provide
information pertaining to the inertial force of an affective-cognitive system. The
affective component often works against change if this change leads to more
insecurity and uncertainty. On the one hand, the stability of affective-cognitive
schemata as a consequence of development is responsible for the forecasting
character of beliefs; on the other hand, this stability works against change. We
ought to note that only stabilised systems lead to similar reactions in similar
situations. Only stabilised systems are suitable as a basis for forecasting certain
behaviour.

Social processes and beliefs

In the first sections, | tried to explain the mechanisms within the individuals that
lead to beliefs. | did not discuss the influence of social processes. But all the
processes take place within a society, within a culture.

| start from the point of view that people are products of the multiple cul-
tural and social situations in which we are born, grow up and develop.
These include gender, ethnicity, class, sexual identity, religion, local com-
munity, etc. Lerman, 2000)

If the social conditions are constitutive of learning processes, the concept of
affect logic must be open to the frame conditions of social cognition. The
research concept of social cognition is a constructivist concept and therefore
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assimilation and accommodation processes are part of this concept. In the
following, we discuss the conditions of the affect development in a socio-cultural
environment.

Characteristic o social group is often its meaning and value system, as well
as special rules for feeling - so called “feeling rules".

Feeling rules' determine not only the expression of feeling, but also that
which one is allowed to feel, or which should be felt in a society, in
social position or subgrougllich & Kapfhammey 1991).

The process of becoming a member of a social group is called "socialisation".
The goal of this process is to "learn" the common, shared meanings, values and
feelings of the group. The result of a socialisation process is a sample of
meanings, values and feelings that are common to all members of a group and are
used by all members in the same way. For all members of a group, this meaning,
value and feeling system is an unproblematic background that guides the inter-
pretation of special situations.

From the viewpoint of affect logic, people find it valuable to be member of a
group, and therefore they have interest in learning meanings, values and feelings
of this group.

Fennema (1989) developed a model to explain gender differences. In this
model, external social influences have an effect on affects, and on mediated
learning activities, and therefore on mathematics performance and on partici-
pation on mathematics courses. Evans (2000) generalises this model.

A difficult problem today is the fact that people belong to more than one
social group (family, social class, school, job, ...) and are included in the
"discourse practice" of all these groups. Mathematics can be part of different
discourse practices, each with its own meanings and feelings of what constitutes
structurally equal mathematical methods and terms. For instance, calculation
methods are used in everyday life situations, in occupational situations, in demo-
cratic processes, in school task, etc. Furthermore, in many applications, mathe-
matical algorithms are part of the context, and are often not seen as mathematics
because the uniqueness of a situation allows an algorithm to be adapted to the
particular need, without the user ever requiring the algorithm in an abstract form.
Therefore, many people do not see the connection between school mathematics -
with its general algorithms - and mathematics used in everyday life and occu-
pational situations. On the bortiee between structurally equal and contextually
different mathematical applitians, conflict situations arise that lead to negative
affects towards mathematics. These affects are often specific to an entire group,
and lead to commonly shared feelings towards mathematics. In particular, the
group's understanding of mathematics can be very stabilising for this feeling. For
stabilised emotional schemata, people often construct cognitive reasons to ratio-
nalise such feelings. Beliefs and attitudes, being a conscious part of affective-
cognitive schemata, mirror in special way these stable emotions, as well as their
rational foundation.
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Computer Represented Spatial Geometry

Heinz Schumann,
University of Education Weingarten

Computer represention of spatial geometry is to become an emancipated mode of
media specific representations in addition to the traditional ones. In this contri-
bution some types of current educational software (Tool, Tutor, Internet) for
spatial geometry in secondary education will be discussed. Included in this
discussion is the design of a tutorial program of a new kind and its quantitative
evaluation. This contribution closes with a perspective view of learning geometry
in Cyber Space.

Introduction
Experience teaches us continually that representing spatial geometric facts on
paper, at the blackboard or in the form of physical models is laborious and often
unsuccedsl even if certain techniques of representation or design have been
prectised. The flat representation of a spatial figure doesn't have any spatial
depth; it is statically and hardly correctable; it cannot be "manipulated"”; it can
only be inadequately adapted to a learning and teaching process or a process of
exploration etc. These weaknesses of conventional media favour the lesson time
for plane geometry in comparison with the lesson time for spatial geometry (in
the teaching curricula we mostly find only these topics that can be well created
with the traditional media in thedson)! Therefore the computer representation
(including video representation) for spatial geometry is added to paper and pencil
and print media representations and physical repiasems like physical models
of solids. However, this causes new ifdaee problems.

The diagram 1 illustrates the relation of the three modes of media specific
representation with their corresponding interface§Si=1,2,3.

Spatial geometry s3 > Spatial geometry
physically print-media,
represented + papear-pencii
83" represented
s1
s2'
s1
s2
Spatial geometry
computer
represented

Diagram 1. Media specific representations
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Comments about corresponding interfaces:

S,/S,:

224

If the solid represented in a drawing or provided as a phy
model is available but not already as a digital model in
computer tool, how can it be implemented? If necessary we
express and calculate the corners of the solid in questiot
three-dimensional coordinate system (a laser beam scann
material objects doesn't seem to be a practicable digifahz
method in school geometry).

Geometrical screen representations can be printed anthuat
ted on paper in simple ways.

How do we get from a spatial object on the screen only a
sible to the visual perception of a physical object which can
be referred to haptically but not considering the percepti
possibilities of the gber-Space here? The practicable solu
consists in the generation of solid nets on the screen, bein
to be printed and then folding them up as surface mao
However, this solution of this interface problem does not \
for the sphere and its parts etc. - The methods of Solid-Im.
are still not available for school.

"Spatial geometry - conservatively"

Spatial geometric Spatial geometric
problem problem: solution
! 2 S
i Space _— ESpace

i Reduce Interpret T

Froblem of plane Froblern of plan_e
geametry geametry: solution
—

Plane Salution Plane

by meansfools
of planegeometry

Diagram 2
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Educational softwarefor (synthetic) spatial geometry

Computer graphical tools for spatial geometry in middle schools

In general, we can solve spatial geometric problems in the conventional learning
environment only by means of the solution of corresponding problems of plane
geonetry developed by methods of descriptive geometry (Diagram 2).

"Spatial geometry - progressively"

Spatial geometric Spatial geometric
problem problem: solution
: Solution :
ESpace iSpace

—_—»
i by means/tools
L of spatial geometry o

Screen space with *spatial depth’

{with unigue perceptable and referencable
spatial objects to be directly manipulated)

Diagram 3

With the computer use we have the possibility to produce and to represent spatial
geometric configurations on the screen with virtual spatial depth and to mani-
pulate these configurations directly (Diagram 3). This simplifies solving spatial
geometric problems considerably and avoids the “traditional detour".

Two software developmental lines for computer graphical tools become
apparent. On the one hand, tools areetliped that are essentially restricted to
the representation and processing of solids, and on the other hand, tools that
allow essentially spatial construction and visualization like dynamic geometry
systems for the plane.

To date the latter tools have been completed only for Macintosh (3D-
Geometer, Klemenz1994/99) -with the deficit of the clear perceivability of
spatial objects in depth (e.g. the relational position of the sphere and a straight
line: all cases must be visually perceptible!). MiniGeometer, derived from 3D-
Geometer, is a Java-applet for interactive construction in spatial geometry
(http://geosoft.ch); it doesn't contain any improvement of the above mentioned
problem of perception, and has a quitenptex user interface which is a limita-
tion of its use for middle and early secondary education. A hopefulogenent,
the Macintosh program Cabri-Géométre 3D, has not yet been dethple
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Which essential requirements must now a computer graphical tool fulfil to be
used for learning and teaching synthetic spatial geometry in secondaryi@duca
that mostly deals with geometric solids?

- As a visualization tool it allows among other things the possibility to look
at the standard solids of school geometry and in addition the solids derived
from these solids as if one would have these solids as edge-, surface- or
full solid-model in one’s "hand". (This is managed by Virtual Sphere
Device, this means that a referencable virtual sphezernscribed around
any solid can be arbitrarily moved with the mouse.)

- It makes possible the transition from only visually perceptible solids on
the screen to the haptic perception of them. (This can be done by printing
of solid nets and then folding them up.)

- As a measuring tool it allows the study of metric properties of a solid in
various ways and allows the investigation of the true form of objects
which are on or in a solid.

- As a construction tool it allows a flexible creation of solids by dissection,
compsition, deformation etc.

In addition it must be possible to draw figures into and onto the solids to make
them carriers for further geometric information. Therefore the Windows program
KOERPERGEOMETRIE (Schumann et,d999), which essentially fulfils the
above mentioned requirements can provide:

- the demonstration of solid geometric facts

- the support of the knowledge of spatial shapes, the constructive represen-
tation, the calculation and the production of geometric solids

- the development and the training of spatial ability (here: ability to imagine
spatial objects and relations between spatial objects)

- the experimental finding of knowledge (discovery of geometric state-
ments, poduction of new solids etc.)

- the reinforcements of working creatively by spatial geometric exploration
(e.g. finding the solution to open problems).

Schumann (2001) gives an introduction to spatial geometry instruction using
such tools. The three-dimensional module of the tool Shape Up! developed by
Sunburst/USA is an edutainment tool only for visualization.

Tutorial software for spatial geometry —an example

Tutorial software for synthetic spatial geometry has not yet been sufficiently de-
veloped. But there is not only a need for such development, there must be a quan-
titative and qualitative evaluation of their efficiency. We confine ourself here to a
single example: the computer exercise of estimating solids.

Estimating volume of solids and surface size of solids is a neglected topic in
the geometry lesson in spite of its geometrical and practical respective applica-
tional meaning. In the use of conventional media there is a lack of creating corre-
sponding learning environments which in addition would not fullfil certain
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demands for feedback and self-control functions. This is a typical deficit, which
can be eliminated with the help of computer use.
The following questions arise:

= How must a computerized learning environment be created so that the
ability of estimating geometrical solids exercised in it can effectively be
applied to estimating physical solid models? (It is of no use, if the students
can only estimate solids effectively in the virtual space on the computer
screen!)

= How does the ability of estimating geometrical solids exercised in a com-
puterized learning environment influence the estimation of physical solid
models?

These questions are only specifications of the following fundamental research
guestions which the geometry didactics must be answering in future:

= How must the "virtual space"” be arranged so that the abilities or skills
acquired in it can effectively be used in "real space*?

= How do abilities or skills acquired in the "virtual space" influence their
application in "real space"?

Regarding these considerations a tutorial program was developed formatively
(Schumann / Alavidzel999). The task of this program entitled ESTIMATE! is

the exercise of estimating the surface and volume measurement of simple convex
solids and practising corresponding spatial abilities. The following kinds of
problem can be selected in the main menu:

Measurement estimatioEstimating the surface of a given solid. Estimating
the volume of a given solid.

Solid adaptationAdapting a solid to a given surface size. Adapting a solid
to a given volumé.

Rotations of the solids to be controlled by the user by means of the Virtual
Sphere Device help to visualize them. An implemented estimation value is
answered by the system with the blinking of the corresponding solid. The prob-
lems could be selected within type of problems according to different levels of
performance. The results are graphically and historically represented.The result
representation enables the user to recognize her/his estimation errors and their
tendancy. The following presetting parameters can be adjusted: type of solid
(cube, cuboid; prism, pyramid, pyramid frustumespectively with regular or not
regular bases; cylinder, cone, cone frustum, sphere), number of problems, num-
ber of trials, size of tolerance, change of the unit dimension. Under use of the
corresponding parameter settings there can be defined up to five difficulty levels.
The dimensioning of solids is always executed stochastically.

In the context of a quantitative empirical investigation among others the
follo-wing question was answered for volume estimation: What is the effect of

! The latter two kinds of problems could hardly be posed in a traditional learning environment.
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computer exercised volume estimation using ESTI-MATE! to the volume esti-
mation of some physical surface solid models made from cardboard?

The control-group design was selected as a suitable experimental design
accor-ding to conditions like students' motivation and concentration.

The volume estimation performance of the students improves significantly
by about 30%. In addition, the estimation performances of the computer exer-
cised students deviate to a lesser extent. A clear improvement in the ability to
estimate the volume of physical models of solids is reached by the exercise with
ESTIMATEL

Spatial Geometry and the I nternet

Today there is no more doubt for the efficiency of the Internet for the distribution
and appropriation of information as well as for the communication about infor-
mation in the context of cognitive education. It is to highlight the access to infor-
mation with the advantage of its current state independent from place, time and
person. As a worldwide language standard the English language gains increasing
acceptance.

The internet representation of spatial geometry is still weakly devetopsd
far as content and software ergonomics are concerned. Most sites only contain
information and (dynamic) visualization of spatial geometrical facts. But the
conditioning information is still far remote from a systematization such as in a
context sensitive system "Mediothek Mathematik" (KId998) for synthetic
geometry in secondary education. Corresponding tools and tutorials are just at
the beginning of their development. Nevertheless, the problems of an adequate
implementation and processing of input of the learners by tutorial software
remain unsolved. Despite the inhomogeneous and uncontrollable growth of infor-
mation there are a lot of materials to supply online and offline teaching and
learning spatial geometry. It puts the challenging task to install a selection of
sites about spatial geometry in the national curricular context to be updated
permanently because of the dynamic extention of the Internet in order to support
the teachers in their school work and in their further education. (By correspon-
ding materials globally offered in the Internet something like an international
core curriculum on spatial geometry could crystallize itself; this can help to
recognize and to overcome deficits in content and media of national curricula.)
Besides the development of such Internet materials tasks of a programming
technical manner are the portation of educational software already evaluated
successfully to a platform independent standard (at present this is limited by the
facilities of Java as a software developmental tool) and the task of adaptation of
suitable foreign software to the corresponding cultural context.

In the following we select the search cue "Polyhedra" as an example relevant
for the spatial geometry lesson in secondary education.We have chosen this
topic, because neither the printed pictorial material nor any naturally restricted
collection of physical solid models has the time and place independent possibi-
lities of information and dynamic visualization like the Internet. Among the first
100 about 20 000 () sites found by FIREBALL we select “Polyhedra Inter-
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active" (http://polytopes.wolfram.com) of Research Wolfram as an highly infor-
mative site, which is not indicated in the meta site “Links and topics related to
Polyhedra“ (http://www.links2go.com/topic/Polyhedra)Regarding the didactic
functionality of such sites: the teacher can demonstrate and explain the beauty,
variety and the proporties of the forms of specific polyhedra; the students could
hardly explore that by themselves because they are inundated by the information
available. In addition there is the danger of a brief perception of the computer
graphical phenomena without their theoretical reasoning and without their haptic
learnability.

Final Comment
What might computer supported learning of spatial geometry look like in the
near future?

Learning of spatial geometry through virtual realities: The use of today's
spatial geometry programs still separates students and computer systems: The
student can only indirectly communicate with the computer for example using a
'mouse’; threfore her/his kinesthetic feelings and experiences are very restricted,;
he/she exeutes options and watches the (spatial) result on the planar screen; the
spatial intepretation can only be improved by stereographic representations and
the use of red-green spectacles. The development of so-called virtual realities
partially ovecomes the limits between the student and computer system: By
means of suitable interfaces it is possible that the student has the (illusory) sen-
sation to move and act with her/his whole body inside a simulated three dimen-
sional world-for example carrying out virtual operations on objects of virtual
reality.

The following scenario for future geometry learning is conceivable: The
geometry learner proceeds as a Cybernaut in a three-dimensional geometrical
world, for example in one for investigating polyhedra. She/he goes for a walk
among the solids, looks at them from the worm’s-eye or the bird's-eye view,
climbs on the solids around, feels the pointed corners and the sharp edges, she/he
slips down the slipgry solid faces, she/he penetrates the solids and views them
from inside; she/he moves the solids, combines them, folding them down,
changes their size, deforms therbitrarily and carries out operations on them,
for example section operations or she/he takes the role of a solid and for example
‘experiences’ rolling as a solid etc.

What effect will such a computer represented spatial geometry have on the
'imagination’ of the students? How will this change their relationship to the real
3-dimensional world swounding?
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Why Belief Research Raises the Right Question
but Provides the Wrong Type of Answer

Jeppe Skott
The Danish University of Education

Abstract
Belief research has tried to develop understandings of the relationship
between teachers’ beliefs about mathematics and mathematics teaching
and learning on the one hand and the classroom practices on the other.
A dominant implicit premise has been that beliefs may serve as an
explanatory principle for practice, i.e. that in the case of apparent
compatibility between the two there nothing else to explain, while in
other situations mediating factors are called upon to explain the
discrepancy. Based on the results of an empirical study of three novice
teachers’ beliefs and practices | question this premise and briefly present
a different approach to belief research.

Over the last decad=elief researcthas grown big in mathematics education. It

has been part of the research agenda at least for the last 20 years, but it has
gained further momentum in the 1990s. In 1996 TornerPaidkonen identified

764 titles in an incomplete list of the field, and from conference proceedings and
journals it is evident that it still attracts a lot of attention. Further, the interest in
one aspect of belief research may even have increased further, namely the one of
teachers’ meta-mathematical understandings (including those of the related
teaching-learning processes), of how these beliefs are developed, and of how
they may influence the classroom practices.

These questions have been addressed theoretically and empirically with a
wide range of quantitative and qualitative research methods, the former often in
terms of factor or cluster analyses, the latter using open-ended questionnaires,
semi-structured interviews, and classroom observations. In this paper my main
intention is to challenge what appears to be a basic rationale or premise under-
lying many of both the quantitative and the qualitative studies in the field: that
teacher beliefs are to be seen as a factor that does or at least should explain the
practices of the mathematics classroom. In this paper | shall challenge this
premise. However, before doing so | shall describe some of the background of
the growing interest in the field and question some of its substantive findings.

Fuelling belief resear ch: the forced autonomy of mathematicsteachers

The increased interest in the teacher’'s meta-mathematical understandings follows
from a change in the role envisaged for the teacher in current reform documents
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and journal articles (for a summary of the theoretical underpinnings of the reform
see Skott, 2000, chapter 2). The reform is epistemologically framed by both con-
structivism (vonGlaserfeld, 1995a, 1995b, 1996) and socio-cultural theory
(Vygotsky, 1986; Wertsch, 1985), and mathematically it is inspiref@dlblgilism

and by emphases on the social constitution of mathematical knowlemlgeds,

1976; Davis & Hersh, 1981). Consequently mathematics classrooms are en-
visaged to develop into small communities of mathematical practice in which the
individual students’ learning and theicroculture of the classroom are seen
reflexively related (Cobb, 2000; Cobb and Yackel, 1998). The teacher is
expected to play an essential role for the emergence of these communities, as
(s)he is expected to develop and flexibly use a wide range of different tasks in
order both to encourage the students’ involvement in mathematical processes of
expermenting, investigating, generalising, formalising, etc. and to support their
corceptual understanding and procedural competence on the way. This requires
the teacher for instance to support the emergence of an atmosphere in which the
mathematical contributions of individuals and of groups of students are valued;
to interpret these contributions and make them become an accepted part of the
public domain in the classroom; and to pick out mathematically and pedago-
gically significant aspects of these different contributions and make them part of
the mathematical discourse of the classroom. This role of the teacher was
succinctly phrased in the draft 8fandards 2000NCTM, 1998):

Curricular frameworks and guides, instructional materials, and lesson
plans are only the first elements needed to help students learn important
mathematics well. Teachers must balance purposeful, planned classroom
teaching with the ongoing decision-making that can lead the teacher and
the class into unanticipated territory from an effective mathematical and
pedagogical knowledge base. (p. 33)

In this situation teachers have come to be seen not only as important contributors
to educational reform, but also as potential obstacles to change. In particular the
beliefs about mathematics and its teaching and learning have become a focal
point in the literature, as these beliefs are expected to significantly influence the
ways in which the teachers cope with the situation of forced autonomy. Con-
sequently current reform initiatives in mathematics education have fuelled the
interest in the part of belief research linking teachers’ school mathematical priori-
ties to the classroom practices. Three main questions have been addressed in this
connection:

« What are teachers’ beliefs about mathematics and its teaching and
learning? This question deals with the relative emphases on mathematical
processes and products; with the teacher’s perception of his/ her own role
what role in the classroom as explicators of knowledge or unobtrusive
facilitators of learning; and with students as receivers of information or as
constructors of knowledge.

232



Jeppe Skott

« How may these beliefs change or develop? Generally perceived to be
relatively stable and resistant to change beliefs need to be challenged in
order to develop. This question is concerned with how this development
may come about, for instance through student teachers’ reflective activity
in pre- or in-service programmes conceived in line with current reform
initiatives (Cooney et al., 1998).

» do teachers beliefs about mathematics and its teaching and learning play
for the ways in which mathematics classrooms develop?

An implicit premise of belief research

The most dominant explicit or implicit answers to the last of the three questions
mentioned above are in the affirmative. Indeed, if this were not the case it is
difficult to explain why the first two questions were to attract more than minimal
attention. However, these affirmative answers differ greatly from very direct and
causal descriptions claiming that the teacher’s espoused views of mathematics
determine both the classroom practices and the students’ lea8thgefpfeld,

1992; and to a lesser extent Ernest, 1991), over an insistence on an unspecified
reciprocal relationship between the two (e.g. Thompson, 1992), to a claim that
there is no relationship between the beliefs espoused in research interviews and
the practices of the mathematics classroom and that none should be expected, as
beliefs are situated much in the same sense as cognition (Hoyles, 1992). The
claim in this latter position is not there is no positive correlation between teacher
beliefs and the classroom practices, but that the relevant beliefs are those held in
the mathematics classroom, and that these are seen as qualitatively different from
those held in other situations.

In a large part of belief research, then, the general affirmative answer to the
last of the above questions frames the understandings developed in these studies
themselves, even to the extent that beliefs come to serve as an explanatory
principle in relation to practiéeThis means that in these studies there seems to
be no attempt to look beyond teacher beliefs when interpreting what happens in
the mathematics classroom. More specifically, if - from an observer’'s perspective
- there is apparent compatibility between the beliefs espoused for instance in
research interviews and the classroom practices, there is little more to explain. If
no such compatibility is found an argument for the apparent lack of impact of
beliefs is made (i) by referring to a school culture that in the particular case
dominates belief enactment; (ii) with reference to a highly individualistic and
often condemning explanation of teacher inconsistency; (iii) by capitalising on
the conceptual and methodological problems inherent in the very notion of
beliefs, as the classroom practices are judged as dependent on implicit beliefs
residing at other levels of consciousness, than the ones described in research

! The notion of explanatory principle is borrowed from Bauersfeld (1998) who uses it to
describe the role attributed to culture in education.
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interviews or questionnaires. Hoyles’ conjecture abousifuatedness of beliefs
may be seen as one version of this.

In other terms, a dominant premise of belief research is that beliefs are and
should be the main influence on the classroom, and although the classroom prac-
tices may be mediated by external or internal constraints, they are iticeed
teacher’spractices: The teacher’s beliefs - conscious or not and explicit or not -
are thought to be directly related to the learning opportunities that unfold.

Challenging the substantive results of previous studies

| have previously questioned the substantive conclusions of previous studies that
claim a direct relationship between teacher beliefs and classroom practices
(Skott, 2000; 2001). I did so on the basis of an empirical study of three novice
teachers in the Danighlkeskole the municipal school for children in grades 1 to

10. The three teachers were selected for the study, because they all presented
visions of school mathematics (school mathematics imageSMis) that
strongly resemble current reform initiatives in mathematics education. In ques-
tionnaires and research interviews immediately before and after their graduation
from college they described the students’ activity in terms of investigations and
experimetation; they conceived mathematics as a way of approaching and
posing problems; and they presented their visions of teaching in terms that
reflected intentions of being unobtrusively supportive in relation to student
learning. In short, th&MIs of these teachers were strongly inspired by the
reform, and they all seemed confident that they could enact the reform intentions
in their prespedive classrooms.

In the case of all three teachers, the classroom interactions often developed in
ways that resembled certain aspects of their school mathematical priorities.
However, there were also episodes in each classroom in which the teacher’s
contributions to the interactions appeared at odds with his oEkés or in
which (s)he was apparently tempted to make such contributions. The teachers
were asked to comment on video recordings of some of these episodes. When
doing so they sometimes referred to mathematical insecurity on their own part as
the reason why the interaction developed the way it did. In these episodes they
were primarily involved in attempts to manifest professional and mathematical
authority, and consequently contributed to the interactions in ways that seemed
counterproductive to student learning and at odds with ®Bkils. In other
instances the teachers were more concerned with building students’ self-con-
fidence by ensuring that they - the students - provided an acceptable solution to a
textbook task than with supporting their mathematical learning. As a result they
got involved in funnelling types of interaction that in effect depleted the tasks in
guestion of its mathematical contents for the students in question. In yet another
type of situation the teachers’ activity was primarily directed towards managing
the classroom in a stressful situation in which many different (groups of) students
simultaneously called for help. In these situations they often became much more
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explicit in their assistance to the students in order to speed up the process of
helping them.

An important characteristic of the episodes that challenged the enactment of
the teacher’'s school mathematical priorities, ¢hiéical incidents of practice
(CIPs), is the simultaneous existence of multiple motives of the teacher’s activity
(Skott, 2001). In each of them the intention of facilitating mathematical learning
is submerged by the emergence of other energising elements (Leont'ev, 1979) of
the teacher’s activity beyond the teaching of mathematics. The motives of the
teacher’s activity, then, should not be as seen as pre-determined by his or her
school mathematical priorities. Rather they must be understood as entities that
may be transformed or even emerge in and as a result of his or her interactions
with the students. Consequently the role of 8Mls is not to control the
teacher’s activity. Rather it becomes an underlying propensity that may play a
part as one possible element contributing to his or her interpretive efforts in
relation to the situation at hand. These interpretations sometimes lead to the
emergence of other motives of the teacher’s activity than facilitating the students’
mathematical learning, motives that in turn direct the teacher’s contributions to
the interaction.

Questioning a dominant methodological approach in belief research

The above conclusions not only challengerdmultsof previous studies in belief
research. They also question the implmiemisethat beliefs may serve as an
explanatory principle for teacher actions. In the episodes referred to above the
classroom practices evolved in and as a result of the instantaneous interpretations
on the part of both teacher and students of their mutual intentions and expec-
tations. This supportBauersfeld’s (1988) suggestion to view the classroom from
the perspective that “it is a jointly emerging ‘reality’ rather than a systematic
proceeding produced or caused by independent subjects’ actions” (p. 29), and it
guestions whether the classroom should be seen as a field fogatieer’'s
practice in the possessive sense of that term. This does not necessarily question
the existence of sets of beliefs that - at least in the short term - are relatively
stable across contexts. It does, however, indicate that the contextual embedded-
ness of teaching - in the local interactionist sense of context - challenges the
extent to which the intention of facilitating the students’ mathematical learning
remains the dominant motive of the teacher’s activity. This means that the social
interactionsof the mathematics classroom have to be perceived exactly as inter-
actions, i.e. as processes “thliatm human conduct instead of being merely a
means or a setting for the expression or release of human conduct” (Blumer,
1969, p. 8; italics in original).

Referring to the use made of beliefs as an explanatamgiple in relation to
classroom practice (cf. above) there is as much to explain, when there is apparent
compatibility between beliefs and practice, as when there is none. It is of obvious
importance to address the questions of when and how the classroom interactions
allow for the teacher’s activity to be directed at facilitating mathematical learning
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and to be influenced by his or her school mathematical priorities. Further, if there
is apparent lack of congruence between espoused priorities and observed practi-
ces, there may be no need to refer to beliefs residing at other levels of conscious-
ness than those that are expressed in research interviews. Nor does reference to
external constraints on belief enactment in the form of a school culture in and by
itself explain an apparent discrepancy between beliefs and practice. If a broader
school culture is expected to play a role, an account is needed for how the mutual
expectations of teachers and students are influenced by this culture, i.e. how it is
re-enacted in the classroom. Only then may such a reference contribute to an
understanding of how the culturally derived expectations come to play a role in
the formation of the motives of the activity of both teachers and students.

Finally, the above study indicates that the teacher instantaneously manoeuv-
res in relation to a multiplicity of different tasks rather than merely to one of
facilitating mathematical learning. This is inherent in the very notiddlBg and
its defining concept of multiple motives of teacher activity. In other terms, the
teacher’s activity is related to the sense they make of the situation at hand, and it
momentarily focuses on some motive, ttghé tries to pursue. This means that
inconsistency is an observer’'s perspective that does not do justice to the com-
plexity of the teacher’s tasks. For classroom research - and for belief research in
particular - this means that it should be conducted with the understanding that
teachers’ and students’ activities do make sens®;phrased more bluntly in the
case of teachergeachers cannot be inconsistemhis, of course, does not mean
that teachers necessarily pursue the different motives in what appears to be the
most efficient manner, nor that they - even according to their own priorities -
strike an appropriate balance between them at any one time. Teacher consistency
is a local and instantaneous phenomenon and as such implies that the teacher’s
activity should be viewed as his or her attempt to relate sensibly to a multitude of
different and possibly subjectively incompatible aspects of the situation at hand.

Conclusions

The study referred to in this paper deals with a main question in belief research,
i.e. the question of what roles the teacher’s beliefs about mathematics and mathe-
matics teaching and learning play for the learning opportunities that unfold in
mathematics classrooms. | have claimed the motives of the teacher’s activity
emerge in the classroom interactions, and that therefore his or her school mathe-
matical priorities may not be so significant as previous studies have suggested.
The more general claim is that we need to adopht@nactionist perspective on
mathematics classrooms and approach these from the perspective that teachers
are never inconsistent. In other terms, | have found it necessary to challenge what
appears to be a domingmtemiseof teacher related belief research in order to
address the main question of the field. This premise is that beliefs may serve as
an explanatory principle in relation to practice. By doing so the study also
guestions the usefulness types of answerfound in much previous research
done in the field. In short the argument is that the main question of the belief-
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practice relationship should still be addressed, but that the dominant perspective
needs to be changed if significant answers to this question are to be provided.
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Rehumanising Mathematics to Make Mathematics a
Human Right: An Application of Curriculum
Architecture and Postmodern Counter Research

Allan Tarp
Danish University of Education

This paper addresses two questions: 1. How can curriculum architecture design a
rehumanised precalculus curriculum? 2. What happens in the classroom when
this curriculum is implemented? Brief answers are: 1. A dehumanised mathema-
tics curriculum disrespects the concept’s history by e.g. presenting linear and
exponential change as examples of functions, thus transforming mathematics to
‘metamatics’. Uncovering hidden eventuality, curriculum architecture could
rehumanise linear and exponential change by presenting them as stories about
uniting constant unit- and per-numbers. 2. When implemented the teachers will
have big problems leaving their traditional routines, only third time lucky. Most
students will show positive reactions, and many will change from dropouts to
dropins.

How can curriculum architecture design a rehumanised pre-calculus curri-
culum?
Curriculum architecture is a core ingredient of postmodern counter research
within education. To the question: ‘What pgstmodern counter research?’, a
summary answer could b&ostmodern counter research is producing counter
examples to qualitative necessity clain®nstmodern counter research is a
middle position between structuralism and post-structuralism. To structuralism
the world has a structure that can be represented and echoed in language. Post-
structuralism denies this, and points out that unaware of a phrasing’s hidden
eventuality, the free modern individual becomes enslavedchentified by
ruling echo-discourses: echo-phrasing is freezing, re-phrasing is freeing
(Foucault, 1970, 1972). Postmodern counter research is based upon the ‘pencil-
dilemma’: Placed between a ruler and a dictionary, a pencil can point to its own
length but not its own term. The pencil possesses a necessity enabling it to
number itself, but not to name itself. Hence numbering follows from necessity,
and naming follows from eventuality, contingency, i.e. from a choice, that might
have been otherwise. Modern qualitative research thus becomes problematic, but
regains its meaning as a postmodern counter research, accepting the numbering
of nature, but producing counter examples to echo-phrasings within ruling
discourses, thus guarding the line between necessity and eventuality by checking
for h idden eventuality in claimed necessity.

To the question ‘What is curriculum architecture?’, a summary answer could
be: A curriculum is an example of an authoritarian discolrs®( et al., 1995).
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This ruling discourse is checked for echo-phrasings and hidden eventuality by
postmodern counter research using curriculum architecture. There is a widening
gap between theory and practice within mathematics education (Niss, 2000).
Curriculum architecture is addressing this problem by offering a practice based
research method avoiding the ‘London Syndrome’: ‘move all local universities to
London, since local knowledge doesn't matter anyhow’. Postmodern counter
research accepts the principle of situated knowledge (Lave et al., 1992): If
knowledge is local, then the locals should be allowed to develop local knowledge
by bringing micro- or macro curriculum design into the classroom. Curriculum
architecture offers to teachers and students a creative alternative to just being
textbook echoes, and a possibility to perfgrastmodern counter research, thus
closing the theory-practise gap. Such research reports will not make claims,
convincing about necessity, but suggestions, inspiring to look for other examples
of hidden eventuality.

Curriculum architecture presupposes a national flexible core curriculum, i.e. a
curriculum that draws a line between necessity and eventuality in the curriculum
by assigning its authority to elements with no or low degree of eventuality. The
degree of eventuality increases from zero to high when moving from nature’s
necessities through social practices and institutionalised discourses to personal
opinions.

To the question ‘What is a dehumanised curriculum?’, a summary answer
could be: A dehumanised curriculum is a curriculum presenting a social con-
structed concept as a universal concept, e.g. a structuralist curriculum telling
about the world from above, thus providing the students with meaningless top-
down unknown-unknown relations. This forces the students to construct their
own meaning unassisted by the teacher, who is only present as a textbook echo.
The lack of meaning implies negative feelings towards the subject. This no-
meaning problem is not solved by a constructivist approach, which is still based
upon structuralism, and which deprives the teacher of the possibility of story-
telling.

To the question ‘What is eehumanised curriculum?’, a summary answer
could be: A rehumanised curriculum is a curriculum presenting concept as social
constructions, e.g. a nominalist curriculum telling about the world from below,
thus providing the students with unknown-known relations to extend their self-
stories. A rehumanised curriculum respects the biological necessity, that the
holes in human heads are for food an stories, and that stories must be relevant
answers to the selfstory-builder questions ‘tell me something | don’t know, about
something | know'. And aehumanised curriculum is feeding all three brains: the
human brain with meaning, the reptile brain with routines, and the mammal brain
with positive feelings.

To the question ‘What is a dehumanised mathematics curriculum?’, a
summary answer could be: A dehumanised mathematics is disrespecting the
nature of mathematics as a grammar of the number language by talking about
mathematics as applicable to the world, and is not respecting mathematics’ roots
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as a historical social construction based upon natural necessities giving birth to
social practices and stories. In short, a dehumanisation transforms mathematics to
‘metamatics’. An example of a dehumanised mathematics curriculustrisca
turalist curriculum presenting abstract concepts as an example of more abstract
concepts, as e.g. ‘A function is an example of a relation between two sets, that
assigns to each element in one set an element in another set’. A pre-calculus
curriculum is dehumanised if it phrases linear and exponential change as linear
and exponential functions, i.e. as examples of functions. Since the function
concept is younger than calculus it cannot be partrehamanised pre-calculus
curriculum.

To the question ‘What is eehumanised mathematics curriculum?’, a sum-
mary answer could be: A rehumanised mathematics is respecting the close rela-
tionship between the word language and the number language by considering
mathematics a grammar of the number language, and is respecting mathematics’
roots as a historical social construction based upon natural necessities giving
birth to social practices and stories. In short, a rehumanisation transforms
‘metamatics’ to mathematics. Thugehumanised mathematics curriculum is
following the principle of low eventuality by placing its authority with the
necessity of multiplicity, which gives birth to the practices of bundling and
rebundling, and stacking and restacking, and to stories about the total, found by
counting or calculating. A rehumanised precalculus curriculum thus might origi-
nate from a practise of bundling and uniting constant $-numbers or constant %-
numbers, leading to questions like ‘100$ plus 7 days @ 5%$/day total ?$’ and
‘100% plus 7 days @ 5%/day total ?$’, plus the same questions with the question
mark placed elsewhere. And eventually leading to linear and exponential growth
calculations, but not to functions. Historically functions emerged after calculus
originating from a practise of bundling and uniting variable per-numbers, leading
to questions like ‘100m plus 7 seconds @ 5m/s increasing to 6 m/s total ?m.’
(Tarp, 1999)

What happens in the classroom when a rehumanised pre-calculus curri-

culum isimplemented?

To the question ‘What happens to the teachers?’, a summary answer could be:
Most teachers are reluctant to try alternatives, even as a micro-curriculum.
Interested teachers are discursively willing but practically unable to change their
routines, only third time lucky. Thus an implementation of a rehumanised mathe-
matics curriculum presupposes an intensive training program changing both the
teacher’s discursive and practical conscier@ildens, 1984) of mathematics,

and changing the teacher’s success expectation from short term to long term.

To the question ‘What happens to the students?’ a summary answer could be:
Most students will show positive reactions. Many students will change from
dropouts tadropins. Some students fear, that a rehumanisation will make mathe-
matics so easy it might be forbidden: ‘my former teacher said mathematics must
be difficult’. All in all, a rehumanisedominalistic bottom-up mathematics told
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from below has the potential to make mathematics a human right. So the question
is: Is there is a social will to admit mathematics as a social construction?
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Mathematical Thinking
of Low Attaining Students

Anne Watson
University of Oxford

Abstract
This paper develops the idea that the mathematical thinking of low
attaining students in the secondary phase can usefully be seen in
terms of proficiencies, rather than deficiencies. Evidence is offered
towards an approach based on recognising that low attaining
students exhibit conceptual mathematical thinking.

Difficulties created by a negative view of low attaining students

Teachers and authors tend to talk of low attairstyglentsand under-achievers
in termsof what they lack or what they cannotdo, thus dwelling on negative
aspectsof academicperformance Haylock (1991) is in most respectsa very
positive writer about low attaining students,but in case studieshis positive
comments are usually about behaviour and lievel skills, rarely about features
of mathematical thinkingvhich might accompanysuch skills. Denvir, Stolz and
Brown (1982) list statements which teachers made abouattaining students:
there are a vast number, all of them negative.

Supportoffered in UK classroomds often of a kind which simplifies the
mathematicauntil it becomesa sequenceof small smoothstepswhich can be
easily traversed. The supportiagult will “take the pupil through the chain of
reasoning” andhe learnermerelyfills in the gapswith arithmeticalanswerspr
low-level recall of factsand so on. Achievementin suchsituationsis identified
by getting to the end of the work, completingsomethingsuccessfullyfilling in
the required partial answers,and maintainingsomeconcentrationthroughout.
The studentmay feel genuinesuccesdecausein the termsin which mathema-
tical successhas been presentedto them for their interpretation,they have
indeed achieved(Bergqvist,1990). But path-smoothings unlikely to lead to
significant learning on its own, sincethe strategyis to deliberatelyreduce a
problemto what the learnercan do already. The learning, presumablyjs then
deciding what to do and stringing the steps together - but the helpairbady
donethis for the learner!Furthermorethe view is reinforcedthat if the learner
does nothing for long enough, the helper or the teacherwill provide the
appropriatetask-transformationgBauersfeld,1988). Thereis no possibility that
leaps could or should be made, since the vgetivat a low-attaininglearnercan
not makesuchleapsand might lose confidencethrough being expectedto do
s0. Teachers may prioritise confidence rather than learning.
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For secondaryteachersand students,there are two main ways in which prior
underachievemenpresentsa daunting task. Firstly, accumulatedpast failure
leadsto expectationof future failure on all sides;secondly,there may be utter
confusionabout arithmetic.It is temptingfor secondaryschoolsto try a piece-
mealapproachconcentratingon remediatingwhat cannotyet be done rather
than building on what can be done. This brings studentsinto renewedcontact
with the site of their previoutilureswhile offering themvery difficult learning
tasks— to learn,recall and usefacts and proceduresvhich areunconnectedio

anything about which the learnerfeels secureand which dependon remem-
bered words and instructiorsa very expensiveuse of the brain (Butterworth,
1998). They conceiveof mathematicsas being fragmentaryiillogical, difficult

and alienating.lt is alsovery hard for teacherdo organiseindividual attention
to weaknesses in the way required by this approach.

A cognitively-guided approach based on individual constructions

Daniels and Anghileri (1995), offer a detailed research-basedeport of the

difficulties inherentin mathematicsthe way it is representedand the way it is

taught, as well asthe debilitating effects of accumulatedfailure. Their report
encouragesa move away from labelling the learner (e.g. as low attaining
student, under achievetc.) and towardsstructuringteachingto enableindivi-

dual learnersto achieve,given the problemsthey have encounteredand the

meanings they have constructed in the past. Feneeah@1993) took asimilar

approach.Teachersread researchresultsrelating to students’informal mathe-
matical methodsand structuredtheir teachingin responseto their students’
constructionsof mathematicalmeaning. These approachesrequired detailed
diagnosisof the mathematic®f individual studentsand the supportof resear-
chers and fieldworkers whose knowledge of teaching, mathenaatitesearch
may be beyond the resources of many schools.

An activity-based approach

Another approach reportedin Boaler (1997), is to presentmathematicsn a

sequence of activities which are structured similarly to the kinds oftaslents
meetelsewherdn their schooland outsidelives, amenableto generic problem-
solving techniques. Low attaining learners in a school which tiéedpproach
performed significantly better itheir final examinationghan similar studentsin

a school which used a more formal, technique-basedapproach. Teachers
believed that students' inability tecalland usewhat had beentaughtto them
in primary schoolswould be overshadoweddy their ability to develop,adopt
and usesuitabletechniquesto makeprogresswith their currenttask. But their

results, although bettehan in a comparableschool,were still low comparedo

their cohort. A further problemwith this approachis that ad hoc mathematical
methodsdo not provide a foundation for mathematicsat higher levels of

abstraction.Everyday thinking skills were exploited in mathematicslessons,
(which is more useful than the pretence timathematicdessonssupportevery-
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day thinking), but mathematical thinking was not developedexceptwhere it
coincided with everyday thinking.

What is special about mathematical thinking?

In reviewing contributionsto describingmathematicathinking, it is found that
some of the descriptions concentrate on problem-solving heuristics (e.g.
Schoenfeld,1984) while othersrelateto the developmenbf conceptualunder-
standing in mathematics (Tall, 1991).

Ahmed (1987) and Boaler (1997) give evidence of how low attaining
studentscan often do well in problem-solving,activity-basedand open-ended
situations. Ahmed'’s project showédw suchteachingstylescould fundamen-
tally influence the attainmentof students,simultaneouslyraising expectations
and making achievemenin mathematicsseemworthwhile. But we lack evi-
dence of ways of thinkingvhich would enablelow attainingstudentsto deve-
lop the abstract conceptual understanding. [1&1B1) saysthat thosewho suc-
ceed are those whuwjthout being taught, can reflecton processes;hangerep-
resentationsabstractentities from them, manipulatethese and hence gain an
image of concept,while overcomingobstaclesto gain a conventionalunder-
standing and acceptance. Studentswibom the usuallogical sequenceof pre-
sentation of formal mathematical products matches theirangnitive develop-
ment are in a highlpdvantagedoosition and makethe matchingof conceptual
development and formal, generally-accepted mathematics more likely.

The readermay believe that theseideas are irrelevant for low attaining
studentsput Haylock (1991,p. 24) reportshow one student(Ben) voluntarily
produces and uses a pictorial representation of division of whole numbiis
he then manipulates in order to getarectanswer.This showsthe ability of a
low attainingstudentto createand use an appropriatevisual image,that is, a
kind of conceptimage which is manipulateduntil a conventional result is
obtained. Sincesymbolisationand transformatioraretwo mathematicahctions,
and sincethis student performedthem voluntarily, we could say that he was
doing some mathematical thinking.

A mathematical view of lear ning mathematics

Thereis a current tendencyto describelearning in socio-culturalterms, but

alongsidethis is a tradition of using mathematicsits own structuresand practi-
ces, to think about how it might bbearnt. Freudenthal1971) claimedmathema-
tics as an activity involving organisingand mathematisingnot as a body of

knowledge. This view would release low attainers froemedingto KNOW more
things,which keep slipping away, and replacethesewith opportunitiesto DO

mathematics in the kinds of ways described by Boaler and Ahwexdgnaud
(1997) says that what is needed to describe progogssdsconceptualunder-
standing in mathematics is within the mathematics itself, as part-& &nd Tall,

from different perspectivesboth appearto supportthe notion that students
needto experiencepersonalconceptualprogresstowards understandingand
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that this journey is describabldn termswhich are already mathematicalyather
than social.

A characteristicof Ahmed’s (1987, p.72) approachis that it emphasises
proficiency ratherthan deficiency. He concentrateson generallearning skills
suchas curiosity, willingnessto work, problem-solvingskills and rightly points
out that all studentsdisplay thesein some contexts,but not perhapsin all
contexts.In this paper| go beyond this and describeabilities of somelow
attaining studentswhich are featuresof mathematical thinking, such as the
pattern use suggested above.

For this purpose mathematicss seenas sequencesf: objects and their
properties;classesof objects with their associatedproperties;generalisations
about classes;abstractionsand relations which become objects for more
complexlevelsof activity. All of thesecan be representedy a variety of sym-
bols which can, like abstractionsand relations,be further manipulatedin their
own right. Drawing on theseviews, | look for evidencethat studentscan
exemplify and counter-exemplifyin ways which do more than imitate what a
teacherhas offered, since this implies some level of generalisationand some
knowledge about classes;can change and manipulate representationscan
developand use imagesof concepts;can abstractby reflecting on processes;
can perhaps work with abstractions and relations, which is geneifaeltuaeof
more advanced study (but see Harries, 2001).

What is not-so-special about mathematical thinking?

It is noticeablethat someof thesespecificlearning behavioursassociatedwvith
mathematicathinking turn out to be ordinary ways of thinking and problem-
solving playing a specially important part in mathematicsFor instance,it is
common to exemplify in order to illustrate complgascriptionsjt is commonto
switch from one representatiorto another,such as when one draws a map to
accompany verbal directions (see the story of Ben above).

Examples of low attaining secondary students thinking mathematically

A smallresearclprojectwas carriedout in a small classof very low attaining
studentsin secondaryschool,year9. It hasbeenreportedin more detail else-
where (Watson, 2000). The object wasobserve jdentify and recordincidents
in which low-attaining studentsappearedo be exhibiting high-levelmathema-
tical thinking skills, aglescribedabove. The mathematicatontexts,which were

chosen by the usual teacherere very simplefor studentsof their age,and the

usualteachingstyle was to simplify tasksand give plenty of path-smoothing
support. | also acted as a support teacherand occasionallytook the class,
focusing on using approachesvhich gave responsibilityto the studentsand

offered somethingfor themto discuss,informed by my work in Watson and

Mason (1998). 1 was interestedin the ways of thinking which the students
displayed, given their history of extreme under-achievememtatnematicsThe
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following incidentsgive someidea of the range of manifestationsof mathe-
matical thinking, which took place during the observed lessons.

Giving an example/counter example

Almira hadbeenaskedto round 83 to the nearestten. Shereplied ‘80, but if it

had beerB87 it would have beencloserto 90'. Not only was sheshowingthat
she knew this particular answer, but that she esognisedhe principle being
usedand could give an exampleof the anotherkind of possiblequestionand
answer.Shehad a senseof the classesnvolved and sherecognisedand chose
exemplification as a way to communicate mathematics.

Choosing to work with structure and relations

Studentshad been using flow diagramsto calculate outputs of compound
functions. They were asked to make up some hard examples ofwreior the
whole classto do. Most students’idea of complexity was to use more opera-
tions and bigger number#)is is a commonresponsgsee,for example Ellerton,
1986) but Boris suggested constructing one in whichogherationsand output
are known and the input has to be found. Andrew then gave one in inpich
and output were given but the last operationwas missing. Thesetwo students
were working with the relationsratherthan the numbersand operations.They
saw the structure of the problem as something they could vary.

Reflecting on processes

Students werasuggestingfactorisationsof 144 by respondingto “If 144is the
answerto a multiplication, what was the question?” John said “12 by 12",

which was the only answer availalitethemfrom the postersin the classroom!
Dan immediatelysaid“and 24 by 6”. Therewere puzzledfaces,sothe teacher
asked “how do you think Dan got this?” Eventually Raj said “by doulding
halving, you could havd8 by 3". Whetherthis showedunderstandingor was
somethingDan had learntin the pastl do not know, but Raj was using the

exampleto abstracta principle which could be applied again, and doing so

successfully.

Using symbolic representation

Junewas drawing a squarein the normalorientationon a coordinategrid and
noting the coordinates.I do not know if she would have reflected on the
coordinates if she had not bepromptedto do so, but once promptedshewas
ableimmediatelyto say which componentsf the coordinateswere equal. She
was askedif this patternwould always be true and replied “yes”. She then
explained why it worked, and was asked if she could siyatgebra.Although
the expressions she developed depended on specified coordinatesvertex
they werein otherrespectggeneralisation®f suchsquaresShehad beenable
to make a transition, on theasisof one exampleand applicationof knowledge
of squares, from a specific case to a more general symbpliesentationand to
justify this.
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A proficiency agenda for low attaining secondary mathematics students
These incidents are not generalisable across the nlasate they being offered
asconclusiveproof that all low attaining studentscan engagein mathematical
thinking in all mathematicatontexts.Neverthelessevery studentat leastonce
during the study exhibited behaviourwhich showedability to think in ways
which are usually described as mathematical thinking.

Butterworth (e.g. 1998) and other neuro-psychologistgut forward the
view that only a few aspectsof mathematicqparticularly arithmeticwith small
numbers)dependon systemswhich are ‘hard-wired’ into the brain; the rest
comesfrom how we make senseof our experiencesn mathematicsin other
words,weaknessefn mathematicsare unlikely to be innate,exceptin certain
pathological cases. All the studentsthiis study showedthat they were ableto
make mathematical sense from mathematical experidticelere ableto partici-
pate in a learning environmentwhich was not basedon simple step-by-step
procedures,but which expected conjecture, exemplification, generalisation,
reflection on pattern and other aspects of advanced mathematical activity.

The simplicity of the mathematicatontextsneedsto be considered.Can it
really be saidthat thesestudentswere doing mathematicathinking, when the
contextswere so simple?Are the storiesabove, and in Watson (2000), only
illustrationsof a borderlinebetweeneverydaythinking and mathematicathin-
king which some studentssuccessfullytranscend,but which these students
might never transcend?One could say that what characterisedow attaining
studentsis their inability to makethis transition,but it is unlikely that a defi-
ciency agendawhich focuseson remediationand repetition,commonpractices
everywhere, will provide insight into this area.

A proficiency agendawould not simply dwell on the positive aspectsof
behaviour,motivation or attitude, although those would play a part; rather, it
would recogniseand emphasisehe thinking skills which studentsexhibit and
offer opportunity fortheseto be usedto learnmainstreancurriculum mathema-
tical concepts. They mighhen conceiveof mathematicsasbeing accessibleas
a subject which they can think about, and as an arena for personal satisfaction.
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Two Dimensions of the Conception of Mathematics
in Tertiary Education

Carl Winslgw
Danish University of Education

Abstract

This paper seeks to provide a systematic analysis of some central aspects
of the way in which mathematics is and may be conceived as a field of
knowledge to be taught and learned at the tertiary level with more or less
specific professional aims. The paper examines the connection and
possible coherence between these conceptions in the contexts of training
scientists and teachers, in particular as it occurs in the design of
undergraduate curricula.

Background

There is a well-known crisis in the recruitment and operation of educational
programs in mathematics and mathematics based disciplines in most of the
Western world (Jensen et. al., 1998). Partially as a result of this, there is an
increasing shortage of qualified mathematics teachers in several countries (e.g.
UVM, 1999). Although this paper will not address these issues directly, they are
certainly behind the widespread feeling that the basic definitions of mathematics
as a field of study must be somehow modernised to meet the challenge of a
changing academic and societal environment.

Mathematics is of course not the only subject for which such a need is felt.
Other fields of study - in particular the pure sciences and the humanities, which,
like mathematics, do not evolve as a function of their direct relation to one
particular profession - are under a similar pressure to redefine themselves. The
notion of core curriculum is increasingly used to convey the idea that in many
fields of knowledge, not all elements are equally essential or indispensable; but
certain concepts, methods and insights are crucial and permeate the whole field
(UVM, 2000). In fact, the identification of such fundamental elements of a field
of knowledge is increasingly necessary to address reform issues in an educational
landscape with several (at least partially) contradicting trends; in particular, to
navigate in the well-known (but still more acute) conflict between the roles of
education as preparation for professional life and as a space for individual
realisation and development. To prevent reforms from being not only radical but
also destructive, it is an important task for mathematicians and mathematics
educators to develop a clearer and more complete understanding of the nature of
a 'core curriculum' in mathematics.
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This task is not to be construed only at a national level. In fact the current
attempts towards structural homogeneity in European higher education (as evi-
denced e.g. by the Bologna Declaration) will only succeed if they are accom-
panied by common analytical conceptions of subject matter knowledge, not least
in major and universal areas like mathematics. This paper constitutes a prelimi-
nary attempt to address this need, and, more modestly, to point out some major
inconsistencies and false dilemmas in the common conceptions underlying the
curriculum debate.

Basic categories for the discussion

Knowledge, in any area, concerns both contents (roughly, what is known) and
competencies (roughly, abilities to put content knowledge to use). An elementary
point is that the two are interrelated, in fact inseparable. And a part of our task is
to sharpen both of these rough notions in the context of university level mathe-
matics'.

There, study units are typically specified by a list of ‘broad content’, with
items like ‘Second order linear differential equations with constant coefficients’.
However, such items are not very telling of what content is actually learned (or
meant to be learned), e.g. which definitions, examples and results are concerned.
Also, mathematical concepts and results are typically related in complex struc-
tures of meaning and dependence; mathematical content knowledge is as much
about these relational structures as about single topics. As concerns competen-
cies, some indications may be given in an official description of the ‘goals’ of the
course, but the evaluation practice may often be a better guide. In the example,
the latter may simply imply that the students are expected to be able to recognise
and solve equations of the given type; or, that they are also expected to be able to
explain a general or specific method; or, leaving the arena of strictly mathema-
tical competencies, that they are expected to know and be able to handle certain
cases of extra-mathematical applications. Certainly, the actual practice of the
course and its evaluation could give much more detailed information about these
and other ‘broad competencies’. However, we may still know little of their
quality, e.g. stability (independence on notation etc.), durability and relatedness
with other competencies.

One inescapable fact remains: we cannot, in actual practice, relate directly to
content knowledge and competencies. We cannot dissect a student’s brain in
order to produce a picture of his content knowledge, nor can any test display the
full range of his competencies; we may only get (partial) information on the two
through instances of his performance. In fact, even a student’s performance can
be said to be partly inaccessible, as it may include thinking processes that are not
evidenced in instances of discourse (written, oral, figurative etc.). Discourse,
indeed, is all that can be observed in teaching and evaluation practices. It may,
however, still be worthwhile to maintain the more general performance focus in a

' A more thorough treatment of the linguistic background and terminology may be found in
(Winslgw, 2000).
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discussion of core curricula, with the understanding that only its articulated part
is immediately observable. For instance, the problems of stability and durability
are more easily discussed at this level, discourse being always situated in time
and place.

Thus, one dimension of our discussion of core curricula is spanned between
the rough notions of content and performance. However, in most contexts of
higher education, mathematics occurs not only in se but also as a means to
describe non-mathematical phenomena. Within this external aspect of mathema-
tical knowledge, its content (concepts, results etc.) typically becomes tools and
methods for such a description, while performance is concerned with applying
these in the context of the description. In this case, the performed discourse will
typically be a mixture of mathematical discourse (cf. Winslgw, 2000) and that of
one or more other disciplines. Part of the target competency will then be the
ability to handle this mixture. More generally, what is often termed meta-
knowledge belongs to the external dimension. Even for segments or programs of
mathematics education that are strictly confined to pure mathematics, it may not
be wise to ignore the more philosophical (such as foundational) aspects of this
second dimension.

Based on these preliminaries, I propose the following rough guide for the
discussion of core curricula at tertiary level®:

Content Performance
Internal Structure of mathematical Understanding and producing
concepts and results mathematical discourse
External Range of mathematical Understanding and producing
methods, and their scope mathematical models

Here, the term understanding refers to receptive (as opposed to productive)
performance, as in reading and making sense of an exercise; but, like content
knowledge, receptive performance can only be observed indirectly through
‘productive’ performance, e.g. producing a solution to the exercise.

> The above model is clearly inspired by linguistics. In the context of learning a foreign
language X, we have the following analogue:

Content focus Performance focus

Internal Lexical inventory, phonetic Understanding and producing correct
and grammatical rules of X phrases in X

External Cultural and social aspects Communicating using X in relevant
of the usage of X contexts
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The main theoretical point of this model is that its four fields are mutually depen-
dent. It can be said to relate two main debates in mathematics education: the
object-process discussion (e.g. Sfard, 1991) and the role of mathematical know-
ledge in society (e.g. Niss in Biehler, 1994). For instance, even (in fact,
especially) if the official goal of a segment of education can be said to fall
entirely in the lower right box of the scheme, it is clearly necessary to take all
aspects into account.

For the rest of this paper, we shall explore some more pragmatic uses of the
model in relation to the problems mentioned in the first section.

Two crucial dilemmas

Undergraduate programs in mathematics are usually constructed with the aim of
building the ‘basic knowledge’ of students; here is a British description (Burn et.
al., 1988, p.102), which is probably widely representative of the current situation:

Our first year courses generally consist of things that have always been
there, things we know about, things we feel a student ought to know, and
things they will need to do our option courses later on. (...) Our objec-
tives may be administrative (bringing them up to the same levels),
mathematical (knowledge and approach) or functional (employment,
future courses).

In view of the model of the second section, it is clear that the focus in the first
years of such a program is very much on basic content knowledge, which is
considered necessary for a variety of reasons. Now, many university mathema-
ticians do see this as a problem. The above quote was in fact part of the agenda
for a working group at a conference on undergraduate education, setting out to
address questions such as

Should more attention be paid to developing skills of problem solving
rather than the ability to reproduce material from memory?

How can we encourage and reward thought and innovation rather than
knowledge or imitation? (ibid., p. 102-103)

Here, a shift towards the performance level is evident; indirectly, the unease and
experienced problems with the current situation are the main message. The
recommendations of the group are summarised in a list of objectives for first year
courses, which can all be said to fall in the other three boxes of the model,
including the meta-level and modelling aspects. At other conferences in the same
series, subjects like ‘geometry at A-level’ and ‘rigour and proof’ were more
specifically considered, with similar apparent outcomes: a desire for a shift
towards objectives that emphasise independent discursive and modelling skills,
while reducing the role of content to illustrative examples. With ‘apparent’, I
want to say that this may not quite reflect the actual wishes and certainly not the
practices of the participants. Indeed, in much of their writing, the need for a
‘content core’ is implicit, but nowhere explicit. Few mathematicians would con-
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sider it immaterial what mathematics is used to train the said skills. For instance,
this could mean that no new mathematics (beyond school arithmetic and algebra)
would ever need to be introduced. Several studies (e.g. Defranco, 1996) have
shown that one may develop content knowledge very far alongside with a
persistent low level of performance e.g. in problem solving. The opposite would
be just as dissatisfactory: few of us would approve of an undergraduate curri-
culum stripped of substantial new content.

The situation is often quite different within university programs in mathe-
matics partially or exclusively aimed at students in other fields than pure
mathematics. Here, courses “designed to provide the students with the mathe-
matics necessary for work at degree level in their main subject” (Burn et. al,
1988, p.181), and they tend to be heavily focused on content in the form of ‘tools
and methods’. Tests are often in the form of written exams where success is
determined by the ability to solve certain standard types of problems (e.g.
ay’’+by’+cy=f{(x) with a, b, ¢ and f varying from test to test). However, teachers
in such programs often feel that more concrete applications (to the relevant
field(s)) should be included, both as examples and as tasks for independent
student work; the following, from a 1978 working group of people involved with
service teaching to biology students, seems to be a common stand: “We believe it
to be very important that examination questions should not merely test mathe-
matical techniques but should also involve the modelling of real phenomena”
(op. cit., 184). In the context of mathematical modelling, the following was
expressed by a similar group at the 1979 conference: “We have the strongly held
opinion that applications should use only mathematical methods which the
students already know (...) it has been suggested that there should be as much as
a two year gap between learning and use” (op. cit., 195). In practice, students are
often given a ‘tough start’ with much rote learning of topics and techniques that
will only be applied later, but many teachers feel applications should be more
immediate. Again, we see an apparent strong tendency to value independent
performance over contents. Although the two quotes are taken from different
contexts, they combine to point to a dilemma that is quite similar to what we
found in the setting of pure mathematics: we do want to develop the students’
competencies for independent performance, but we are also committed to extend
their domain of contents beyond secondary school level.

The third main bulk of undergraduate mathematics education is teacher
education. In many countries, future teachers enrol in undergraduate programs of
the first kind considered, and then specialise in education. In other countries
(including my own), there are separate programs or even institutions meant to
train future teachers. Especially in the first case, the content-performance dilem-
ma already explained will arise for a different reason: by nature, the under-
graduate curriculum is beyond what the teacher will have to teach at primary and
secondary level, and it may often not be clear for students how the more
advanced material can be used as ‘background knowledge’ for teaching. A stri-
king and widely noticed study by Liping Ma (1999) has documented that
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teachers may have passed several undergraduate courses in mathematics and still
be unable to explain (or even produce) solutions to elementary tasks like the
division of two simple fractions. Clearly, a teacher must be required to have a
high level of discursive performance within the content frame to which his
teaching pertains. In fact, a mature mastery is necessary but not sufficient:

Because teachers must be able to work with content for students in its
growing, not finished state, they must be able to do something perverse:
work backward from mature and compressed understanding of the
content to unpack its constituent elements (Ball and Bass, 2000, p. 98)

But even more acute is the tension in teacher training between the professional
needs of mastering infernal and external aspects of mathematics. This is
particularly so when teacher training is exclusively focused on preparing teachers
for a school curriculum in which the official goals are very much oriented
towards ‘everyday applications’, where the content frame may be reduced to
(applied) arithmetic. A part of the most applauded recent Scandinavian work on
teacher training seems to tacitly accept this as a consequence of the noble effort
to promote values like ‘democracy’ and ‘critical citizenship’. More generally, the
focus on the meta-mathematical part of externally oriented performance tends to
relegate the content issue (internal as well as external) to a question of supporting
illustrative examples. It is a truism that external aspects of mathematics, inclu-
ding real-life models and meta-mathematical issues, cannot be seriously tackled
without a solid basis within the relevant internal parts, and it is widely argued
that the latter must to some extent precede the former in teaching (e.g. Burn
(quote above); Sierpinska, 1995; Sfard, in press). The tension in teacher educa-
tion arises in part from a lack of seeing the two as interrelated.

The challenge of information technology

Both in its academic and professional contexts, mathematics as an activity is
increasingly dependent on information technology. The use of computer based
tools must be clearly taken into account when specifying the target performance
of students in mathematics and related disciplines. Only in the internal content
focused part of mathematics education is it pragmatically feasible to disregard
this, but it is often still attempted throughout educational programmes (in
Denmark, this occurs in all three main contexts of the third section). There is a
growing realisation that it may be pragmatically desirable to incorporate infor-
mation technology to some extent also in the internal content focused part of
mathematics education (e.g. Winslgw, in prep.), which in many cases will just
amount to an acknowledgement that mathematics related technological compe-
tency (e.g. the ability to use a CAS) is not innate and must be grounded in a
partially separate structural knowledge. But it is also important to realise that
such an inclusion will partially change the pedagogical conceptions and curri-
cular priorities of conventional mathematical content. This may produce desired
as well as less desired effects. Two of the main effects observed in practice are

255



Papers

* Usiskin's problem: that work with computers tend to encourage
inductive work with special cases (‘examples’), rather than deductive
work with general structure (‘rules’), cf. (Usiskin, in Biehler et al.,
1994, p. 325), and

* Dreyfus’ potential: the possibility of using computers for routine
computations and visualisations, so that students’ time and energy can
be focused on more challenging and perhaps (theoretically) advanced
activities, cf. (Dreyfus, in Biehler et al., 1994, p. 205).

Whether the former or the latter type of effect is observed, curricula may have to
stress matters of content and forms of performance that are deemed to be impor-
tant but are not immediately within reach of current computer based tools.

Towards coherence and balance

From the above, it is clear that mathematics education at tertiary level is facing
acute challenges, although not the same in the three domains of education con-
sidered in the third section. These can usually be considered separately at the
more advanced levels where students will have decided between pure mathema-
tics, other scientific fields, and education. From a curriculum perspective, the
most interesting and problematic is their cohabitation at the undergraduate level.
This cohabitation may be desirable for more than the usual practical reasons
(financial, postponing students’ choice of specialisation). To maintain or create a
common ‘core curriculum’ in undergraduate mathematics has the virtue of reflec-
ting the partial dependency of professions — not least between teaching at various
levels within the educational system — and to facilitate their cooperation. We
shall now use the model of the second section to examine this delicate task of
balancing® the needs of different students and orientations, while making the
single unit both independently meaningful and coherent with other units.

First, the model suggests that we must consider all four aspects together.
Simply specifying a list of contents (internally or externally oriented, or both) is
not sufficient, and as such lists tend to be long, the result will often be a level and
a quality of performance that do not satisfy anyone. Attempts to specify only
performance (abstracted from contents) - sometimes promoted under the name of
'general competencies' - are equally insufficient for actual curricular purposes, as
such specifications merely reflect idealised views e.g. of what it takes to be a
full-fledged mathematician (or, more generally, scientist) or what one would
hope to find with 'good students'. Performance is always relative to contents.
Likewise, the two are rarely sought to be exclusively internal or external. If we
are to create coherent and balanced undergraduate curricula, we must first create
a picture of the content-based forms of performance that are required or desired®,

* The frequent use here of the balance metaphor is much inspired by the insights of (Sfard, in
press).

* In practice, it will often be impossible to distinguish here. But the nature and rationales of such
demands will have to be addressed in the 'second run' (cf. the next paragraph).
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including their stability and durability. Then we must look at how they are
mutually related, both at the level of contents and in terms of the more general
aspects of performance, so that the actual study units may be organised with a
maximum of coherence and mutual support. This is where the 'general compe-
tencies' - such as the ability to use appropriate computer based tools - have their
place. However, the task is by no means finished here, as we shall see, but it
represents an important 'first run' of the model.

The second point for our task is that the model suggests crucial aspects of the
conditions that our curriculum may succeed. This includes, of course, pre-
conditions: what are the content knowledge and performance level of our fresh-
men? It concerns also our experience with the pace and depth with which the two
may be expanded. And it requires an overall view of the nature and mutual
dependence of various professions and institutions. Holding this together with
what the 'first run' produced, we are likely to be faced with a need to make
reductions through negotiations and compromise. As long as the overall cohe-
rence and balance are thoroughly considered, this is a sound and certainly
inevitable part of the process. In particular, it may be a great opportunity to make
use of recent studies in tertiary mathematics education and, indeed, to engage a
broader range of efforts in this field.

Finally, the model seems particularly geared towards the obvious (but often
neglected) demands concerning accountability: any curriculum must be equipped
with clear, testable goals of performance related to explicit and specific domains
of contents. At university level, we have in particular to facilitate the variety of
directions that may be taken by students (at graduate level, professionally, across
institutions and national borders). Even this is only half of the balance; no matter
how efficient the program may be in meeting these needs, it must also be
sufficiently diverse and challenging to meet the needs for personal fulfilment of a
sufficient number of our students. Including this in 'testability’ means that the
curriculum must be not only thoroughly devised, but also continuously revised.
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Abstract

It is well-known that students’conceptionof mathematicsis closely
related with their problem solving behaviour. This conception is
shapedby a number of factors too, in particular, by the space of
learning they “live” in. In particular, the teachers’ conception of
mathematicscould attribute to the shapingof this lived space.These
inter-relationships are the foci & seriesof studiesthat the author is
involved in during these years. In this particular study, methods
parallel to the studentstudieswere usedto investigatethe teachers’
conception of mathematics. Interesting results were obtained.

Introduction

Numerousstudieshave revealedthat beliefsabout mathematicsas a discipline,

beliefs about mathematicdearning, beliefs about mathematicsteaching, and

beliefs about the self situated in a sociahtextin which mathematicss taught
and learnedare closely relatedto the students’ motivation to learn and their

performance in the subject (Colit985; Crawford, Gordon,Nicholas& Prosser,
1998; McLeod, 1992; Pehkonen& Torner, 1998; Underhill, 1988). Indeed,
students’ beliefs are the key to understandingtheir actions (Wittrock, 1986),

and students’ failures to solve mathematical problemslisgetly attributableto

their less powerful beliefs about the nature of mathematicsand mathematics
problemsolving (Schoenfeld 1983). Naturally, the conceptionsof mathematics
among students and their approaches to solve matherpaildemsare shaped
by the “space” they live in.

The researchteam (other members:Chi-Chung Lam and Ka-Ming Wong)
startedoff the investigationof the lived spaceof mathematicdearningin 1996
in which twenty-nine students were confronted with ten hypothesitahtions
in which they were asked to judge whether “domgthematics’'was involved
in each case.Most of the situationswere taken from Kouba and McDonald
(1991). Results revealed that students associated mathematics with its
terminologyand content,and that mathematicsvas often perceivedasa set of
rules.Wider aspectsof mathematicssuch as visual senseand decisionmaking
were only seenastangentialto mathematicsin particular,they were not per-
ceived as “calculable.” However, students did recogmathematicsas closely
related to thinking (Wong, Lam, & Wong, 1998).

In 1997, 9 classes (around 35 students each) of efagtades3, 6, 7 and 9
were askedto tackleto a set of mathematicaproblems.Each set comprised2
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computational problems, 2-4 words problems drapen-endedjuestions.Two
studentsfrom eachclass(2 x 9 x 4 = 72 students)were then askedhow they
approachedheseproblems.The original hypothesiswas,a narrow conception
of mathematics (as an absoldteth, say)is associatedwvith surfaceapproaches
to tackling mathematicaproblemsand a broad conceptionis associatedwith
deepapproachegMarton & Saljo, 1976). Consistentwith what was found in
previousresearchstudentsrepeatedlyshowedin this study a conception of
mathematicdeing an absolutetruth where there is always a routine to solve
problemsin mathematicsThe task of mathematicgproblemsolving is thus the
searchof suchroutines.In orderto searchfor theserules, they look for clues
embedded in the questions including the given information, what is bekegl,
the context (which topic doesit lie in) and the format of the question(Wong,
2000; Wong, Marton, Wong, & Lam, in preparation).

It is clearthat students’conceptionof mathematicss shapedby classroom
experience. In a study conducted in 1999, it was found that in Hong Kuwyg,
problems given to students lagRriations,posses& unigue answerand allows
only one way of tackling them(Lam, 2001; Wong & Lam, in preparation)lt is
thus not surprisingthat studentsseemathematicsas a set of rules, the task of
solving mathematicalproblemsis to searchfor these rules and mathematics
learning is to have these rulgansmittedfrom the teacher.Thus,it is naturalto
turn our attentionto the investigation of conceptionof mathematicsamong
teachers.

Method

Twelve secondaryschool mathematicsteachersin Hong Kong and fifteen

secondaryschool mathematicdeachersin Changchunwere confronted with

the sameset of hypotheticalsituationsthat were used amongstudents.Some
samplesof themare“One day it rainedheavily. Alan was sitting in a car then
and looked at the rain through the window”, “Siu Ping loves to play dadts.
So, he often runs over to Siu Wan'’s houseto seeherdog” and “One day the
classmatesitting next to you took out a ruler and measuredis/herdesk”. We
askedthemwhat would be their reactionsif studentshave different ways of

responding(whethertaking themasdoing or not doing mathematics}o these
situations.In addition to these,we confrontedthe teacherswith somequota-
tions of mathematicians like

(@) “Mathematics has nothing to do with logic” (K. Kodaira)
(b)  “The moving power of mathematicainvention is not reasoning
but imagination” (A. DeMorgan)

The interviews were transcribed and content-analysed.
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Results

Mathematics is a subject of number and shapes

In judging whethera certainsituationsinvolves doing mathematicspne of the
major factors of consideration was whether it concerns nuarmtshapesThis
is similar to what we found amongstudents.For instancejn respondingto the
qguestion “Oneday it rainedheavily. Alan was sitting in a carthen and looked
at the rain through the window”, a teacher said, “apparently, it is not
mathematicsbut sinceit involves quantity, it is in fact mathematics”(C-A1-4).
Thoughwe may have conflicting responseso the samequestion,numberand
shapearestill the major criteria. For instance for “Siu Ping loves to play with
dogs. So, he often runs ovier Siu Wan's houseto seeher dog”, ateacherdid
not take it as doing mathematics, “as it does not involve number or shapg or
relationshipbetweenthe two” (C-D1-1) but anotherteacherthought that it is
mathematics,as going to Siu Wan'’s housecan demonstratea travel graph,in
which thereis a lot of mathematics”(C-A3-1). We get similar responsedrom
Hong Kong teacherse.g. “Number is mathematics”(H-CKC-1) and “Those
involving number must be math” (H-LCW-2).

Mathematics is closely related to manipulation

Again, similar to what was found amongstudentsthat mathematicgs a subject
of “calculables”, many teachersjudged by whether the situation involves
manipulationsJust like what some Hong Kong teacherssaid, “Mathematics
should be calculable, meobservationis not mathematics’(C-CKC-2, C-CKC-
5). This isclearfrom the following responseshat concernsthe question‘One
day the classmatsesitting next to you took out a ruler and measuredhis/her
desk™:

S. | think this is doing math. Sinceit is not likely that one can get the
length of the desky just measuringonce. The studentmay haveto
make a number of measures and then have them added up.

I. How about if s/he can get the length in one measure ?

S. Then,this is not (doing) mathematicsinces/hedid not calculate.(C-
D2-4)

Along this line of thought, calculations with machines areragardedasdoing
mathematicsAs it was said that “(Using calculators)is not doing mathema-
tics,... since it does not come from the brain of the student” (C-D2-5).

Mathematics is precise and rigorous

This is particularly salientamongteachersin Mainland China. Many teachers

took that estimationis not mathematicslt is just a kind of “intuition obtained

from daily life experience”(C-C3-1,C-D2-T6). A teachereven said that “it is

mathematics if one can get a precise estimation. Otherwise, it is not” (C- A3-T3).
Rigor and precisiomarerepeatedlystressedThis is clearfrom the following

! C-XXX indicatesresponsedrom participantsin Mainland China and H-XXX indicates
responses from participants from Hong Kong.
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responses:

“Mathematicsis different from language.No matterhow one handles,
there is only one solution. There is rigor and uniquenesklathematics
is rigorous, thevay of handlingit is governedby (what is laid down in
the) textbooks, and there is only one correct answer” (C-Al1-10).

“Mathematicsis rigorous. It is the exerciseof the mind. ... Justlike
whether you can speakrigorously it dependson your mathematical
training” (C-B1-5).

Not many such responses were found amidogg Kong teacherghough they
did mention that mathematics involves logic (H-LTY-5, H-CKC-8).

Mathematics is beautiful

Another aspect more salient among teachersin Mainland China was that
mathematics is beautiful. Some of them pointed out thevjogn a problemwas
eventually solved and such &Aha, gotcha” is the beauty of mathematicgC-

C3-3, C-C4-5). Obviously somealso mentionedthat the beauty of different
shapes, including symmetry (C-D2-12). Simplicity gmdcisionare other aspect
of the mathematicabeauty as mentionedby the teachers(C-C2-8, C-C3-7),
“Simple languageis usedto describea complicatedsituation, | think this is

mathematics’(C-C1-11).Though Hong Kong teachersdid not talk about the

beauty of mathematics, one of them did point out that mathenmtcsultural

activity” (H-LTY-14).

Mathematics is applicable

The conceptionthat mathematicss “closely relatedwith daily life” (H-LTY-1,
H-CKC-7) and thus hasextensiveapplicationsis repeatedlyexpressedamong
teachers in botiplaces. “(There is) much mathematiczontentaroundus” (H-
CKC-9), “(Mathematics)dealswith realistic problemswith symbols,formulas
and diagrams”(H-LWK-8), “Mathematicsoriginatesfrom the realistic situation
and appliesback to it, it is the abstractionof daily life practices” (C-B1-4),
“Mathematicsis not isolated,without applicationin the society, mathematics
would not exist” (C-A3-11) were some of their responsesCertainly we see
some teachers who put the idea into the extreme:

“Pure mathematicgs an abstracttask... just like the Goldbachconjec-
ture, it is pure mathematics. But to me, it has no valuedhit is a waste
of time” (C-B2-6).

This point of view seemgo be particularlyfound amongteachersin Mainland
China.Herewe get anothersimilar response;mathematicscan only be legiti-
mised by whether the task is useful” (C-C3-5).

In the interview we found that teachersare more awareof the relationship
between mathematicsand real life applicationstheseyears due to such an
emphasisn the new syllabus,howevermanyreflectedthat they still lack such
illustrations in the textbooks.
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Mathematics involves thinking

Mathematics involves thinking is again unanimously agreed with the teanhers
both places. We get commentslike “Mathematics is for training logically
thinking” (C-C4-4), “Mathematics trains people, other subjects train people
but mathematicgrains the brain of the people” (C-Al1-9), “Developing one’s
thinking modeis specialin mathematicsThis is different with other subjects.
Without mathematicalconcepts,there is no training of thinking” (C-Al-12),
“Mathematics should involve thinking” (H-LWK-3), “Mathematics is a
thinking exercise” (H-LWK-9), “Mathematicsinvolves reasoning” (H-LCK-5)

and “Mathematics is conceptual” (H-LWK-5).

Some Hong Kong teachers evesedthis asa criterion to judge whetherit
is mathematics or not.hough an action may involve numberand mathematical
contents,one is not doing mathematicsvhen thinking is not involved. This is
clearfrom the responsehat “Though mathematicds a subjectof numbersand
shapesthinking mustinvolve in between” (H-LCK-11). The samerespondent
alsomentionedthat “Mathematicsis computationwith thinking (reasoning)”
(H-LCK-3). Doing mathematicss to “reason with a theory” (H-LWK-4) and
“Mechanical calculation without understanding is not math” (H-LWK-11).

The role of problemsolving was mentionedamong Hong Kong teachers
too. “Mathematics is problem solvingH-CKC-6), “Mathematicsinvolvesthe
handling of problems” (H-LWK-6), “Mathematics helps to mat@grrangeand
organise” (H-LWK-12) and “Mathematicsis a processlinking up input infor-
mation and output solution” (H-LCK-10) were found in their responsesA
teacheralso pointed out that mathematicsactivities include the recording,
analysis,understandingjnterpretationand presentationof data. (H-LTY-9, H-
LTY-10, H-LTY-12, H-LTY-15).

A wider perspective

Some Hong Kong teachers could offer a wider perspective and sesidexsbf
the story. For instance,one of them said that “Not everything that involves
numberis mathematics”(H-LCK-2). Furthermore,“the working stepsis not
mathematics, it is just way of presentationReal mathematicsnvolve thinking
procedure rather” (H-LCK-7). The same teacher elaborated, “Though
mathematicsnot confined to ‘calculables’ but it is not wild guess either.
Mathematics involves reasonable ways of estimat{®hL.CK-1). Also, “Some-
thing is regardedas doing mathor not doesnot dependon the formalities but
whetherone hasmathematicawarenessn the processof doing” (H-LCK-6).
Though we can find another Hong Kong teaclwéo holds a relatively narrow
conceptionof mathematics,stating that “Mathematics is what is found in
textbooks” (H-THS-1).

The responses of some teachers are more refineidstance,‘Mathematics
involveslogic but logic is not mathematics’(H-SYF-15), “mathematicsis com-
putation with reasoning” (H-SYF-17), and “computation is a way to train
thinking” (H-YPS-37).
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Discussion

Though someheld a wider perspectivethe conceptionsof mathematicamong
the teachers basically resemble those of the studeaterthelessit wasfound
that the conception of mathematicsamong the teachersis broader,among
which, “mathematics involvethinking” was unanimouslyagreed.Otherfacets
of mathematicsasreflectedby the teachersinclude “Mathematicsis a subject
of numberand shapes”, “Mathematics is closely related to manipulation”,
“Mathematics is precise and rigorous”, “Mathematics is beautiful” and
“Mathematics is applicable”. Also, the apparent dilemma of mathematics &eing
structured set of knowledge and being widely applicable in dif&)ywvas raised
by the teachersn Changchun.SomeHong Kong teachercould offer a wider
perspective of mathematics too.

Inevitably, the conception of mathematicsamong studentsis both an
antecedent and outcome of mathematics learning. If we see the “lived sfpace”
mathematicdearning as one that is shapedby the teachers,the teachers’
conceptionof mathematicsnay directly influence the students’ conceptionof
mathematics. This in turn will affect students’ problem solving abilitiescdihdr
learning outcomes of mathematics.In fact, in a recent analysis of the
mathematicproblemsgiven to Hong Kong students an overwhelmingportion
of themare close-endeddemandonly low level cognitive skills and are stereo-
typed (Lam, 2001; Wong &am, in preparation)lt is hypothesisedhat, by the
systematic introduction ofariation,with the widening of the “lived space” of
mathematicdearning,studentscould becomemore capablemathematicgrob-
lem solvers (Runesson, 1999; Wong, Marton, Wong, & Lam, in preparation).
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Constructivist Mathematics
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Abstract
This talk will presentpostmodernmathematicsas a third alternative
to modern mathematics,both set-basedand constructivist. Modern
mathematicds basedupon Platonic structuralist thinking regarding
mathematics as universal metaphysical structaioevethat is echoed
in the physical world below. Postmodern mathematics is baped a
post-structuralistthinking regarding mathematicalconceptsas cul-
tural constructednamesfor social practices. This talk focusesupon
agriculture showing how mathematicalconceptsgrow up from all
over agriculture. The talk was given to students at the Vilnius
Pedagogical University, and the students’ reactions are reported.

Mathematics education: Two fundamental questions and four answers
There are two fundamental questions within concept education as e.g. math:

» How does concepts come into the world - from above or from below?
* How doesconceptscomeinto the students- from outside or from
inside?

Modern set-based mathematics answers “from above, and from oytsaeh-
ting an abstract concept as an exangila more abstractconcept:“A function
is an example od relation between two sets, that .. The studentshearthis as
“bublibub is an example of bablibab”, i.e. a statement without meaning.
The lack of meaning forces studetdsconstructtheir own meaninge.g.by
using a metaphorthat “carries over” meaningfrom the sameabstractionlevel:
“A function is like a machineprocessinghumbers”.Constructivistmathematics
thus answers “from above, and from inside” seaingceptsasbeing construc-
ted by the individual student through activity and communication.
Postmodermmathematicanswers'from below, and from outside” presen-
ting an abstract concept asmamefor a lessabstractconcept:“A functionis a
namefor a calculationwith a variablequantity”. The studentshear this state-
ment as “bublibub is a namefor a calculation” thus obtaining meaningfrom
below, s o they will not have to construct their own meaning.
Practiselearning e.g. through apprenticeshipanswers“from below, and
from inside”. The apprenticesconstruct meaningfrom observing and partici-
pating in the practise: “A functiois for example+x or 2-s, but not 2+3".

266



Saulius Zybartas, Allan Tarp

This talk will focus upon how postmodern mathematics gimeaningto mathe-
matics by building mathematics from below as a cultural construction.

Agriculture

In agriculturehumansare taking over part of the production by cultivating
fields and breeding animals. Agriculture faces three impocgaestions:How to
divide the land? How to divide its products? How to distinguish between
degreesof many?The first questioncreatesthe storiesof Geometry,meaning
“earth-measuring” in Greek. The second question createstdhiesof Algebra,
meaning“reuniting” in Arabic. The third question createsnumber names.In
agriculture humans are engaged in practices as sowing, harvesting, bamdling
stacking, and rebundling and restacking.The practice of rebundling creates
multiplication and division, and the practiceof restackingcreatesaddition and
subtraction.

In the field: Naming many

After the harvestthe productsare united into bundles,and bundlescan have
different sizes.The first ten bundle sizesget different names(one, two, ..., ten)
and different symbols(Z, 2, ..., 9, D). In most culturesten is considereda fulll

bundle,so after ten two countingstakes place:the one counting full-bundles
and the other counting unbundled: 35 means three full-bundles and five

unbundled.Zero 0 is introducedto accountfor absence:60 meanssix full-

bundlesand no unbundled.A full-bundle of full-bundlesis called a hundred-
bundle C. And a full-bundle of hundred-bundlegdleda thousand-bundlév.

A full-bundle of thousand-bundleg not named neitheris a full-bundle of full-

bundles of thousand-bundles, but a full-bundléutitbundlesof full-bundlesof

thousand-bundles is called a million.

© © © Thetotalis3times [T=3x© or T=3xa
an apple

o o e The total is 3 1s T=3x1

oo The total is 1 3s T=1x3

I R Thetotalis2 3sand4/{T=2x3&4x1
1s

D ceecccennse o o o o |The total is 2 tens T=2xD&4x1lorT=24
and 4 1s

D D The total is 2 tens T=2xD&0x1orT=20
and no 1s

C DDDDDDDDDD The total is zhundred{ T=2xC &3xD&1x1 or

DDD - and 3tensand 11s | T =231

W eeeceeee o o o o |Thetotalis2 7sand4{T=2x7&4x1 or
1s, or Thetotalis2|T=2xW &4 xd
weeks and 4 days
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Special bundles have special names:
1 x week = 7 x days, 1 x hour = 60 x minutes, 1 x meter = 100 x cm etc.
“T =3 x1"is called a total-story, a T-calculation story or a T-equation.

Naming Parts of Bundles
We use fractions to tell, that only part of a bundle has been filled.

The total is 2 of 3 3s

T=2/3x3

The total is 2 of 5 5s

T=2/5x5

The total is 2 of ten tens

T=2/10x100rT=0.2x10

Rebundling
From 2s to 1s:

multiplication (taking away

1s)

L] L] L] L] ?

The total is 4 2sis ? 1s

T=4x2=7?x1

T=4x2=42x1=8x1
Notice: 4 x 2 = 4.2

From 1s to 2s: division (taking away 2s)

L1 ?

The total is 8 1sis ? 2

T=81=22

T=8/22=42

From 2s to 3s: multiplication and division (taking away first 1s then 3s)

o00 ?

The total is 4 2sis ?

T=42=23

=22/3-3

The rebundling rule
Rebundling can be done manually by rearranging and counting. And
rebundlingcan be done mentally by calculating,thus predictingthe result of a

rebundling before it is carried out.

The ability to predict through calculations is the heart of (postmodern)

mathematics.

The “rebundling rule” tells how to calculate a rebundling from 1s to e.g. 2s:

[8=8/22 or T=T/bb |

The rebundling rule shows the meaning of the Arabic word algebra, rekinste:

8 is divided into 2s (8/2), then 8 is reunited (8 = 8/2-2).

Rebundling into special bundles
From weeks to days

W W W

ddddd ?

The total is 3 weeks is ? da|

1 week is 7 days

T=42/3-3=8/3-3=2-3&2]

T=3w=?d (1.w=7:(

T=37d=21d
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From days to weeks

ddddddddddddddq The total is 18 days is ? T=18d=?w (lw=7-
ddddd weeks

W W ? 1 week is 7 days T=18/7-7-d =2-w & 4-d,
orT=24/7-w

At the farm: Stacking like bundles
Back at the farm we stack like bundles, unless we use parts of bundles.

¢ *** * * |Thetotalis23sand 2 1s T=23&21

a 2-stack of 3s and a 2-stack of| T=2:3&2:1

ss¢ e+ * ¢ |Thetotalis 2 3sand 2 1s T=23&21

; 3-stack of 3s T=22/3-3

Paying parts to the king and to the bishop
The king and the bishop does not work in the field, they provide protgadich
for by parts.

eecssssssssssee | The total is 4500 1s T = 4500/9-9 = 500-9 = 9-5(

500 B The part is 2 9-parts of the toff 1 9-part is 500 = 4500/9
Rebundle the total into 9s! |P = 2 9-parts = 2-500 = 100

sesssssssssssss | The total is 4500 1s T = 4500/100-100 = 45-100
The part is 20 100-parts (2094 1 100-part is 45 = 4500/100

45 100 of the total P =20 100-parts = 20%
Rebundle the total into 100s!| P = 20-45 = 900

Coding and decoding
A total of 2 150s can be coded as T = 2:150 = 2:a
Decoding can be guessing by filling out tables or by drawing stacks in diagrams:

a |T=2a

T=20=0 T
T=21=2
T=22=4
T=23=6
T=24=8
T=25=10

ab~hwNPEFLO
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Decoding can alsbe solving the equationT = 2-a,if we know what T is (e.qg.
300 or 460 or 720)

a |T=2a

? |T=2-a=300=2300/2:2=150-2 a=150
? |T=2a=460=460/2-2=230-2 a=230
? |T=2a=720= a=

a
a
a
In the shop: Bying and selling

A shoptakescareof trade,i.e. buying and selling e.g. 3 digits numbers,where
mr. C trades hundreds, mr. D trades tens, and mr. 1 trades ones.

Buying: mr.C mr.D mr.l mr.C mr.D mr.1

T1 =4.100 & 6-10 & 3-1 = 4 6 3

B =2-100&7-10&5-1 = 2 7 5

T2=T1+B =(4+2)-100 & (6+7)-10 & (3+5)-1

Full House =6-100& 13-10&8-1 = 6 13 8
Restack! = (6+1)-100 & (13-10)-10 & 8-1 = 6+1 3 8

=7-100&3-10&8-1 = 7 3 8
Selling:

T2 =7-100 & 3-10 & 8-1 = 7 3 8

S =2-100& 7-10&5-1 = 2 7 5

T3=T2-S =(7-2)-100 & (3-7)-10 & (8-5)-1

Empty House =5-100 & -4-10 & 3-1 = 5 -4 3
Restack! = (5-1)-100 & (10-4)-10 & 3-1 = 51 10-4 3

=4.100 &£ 6-10 & 3-1 = 4 6 3
Multiple packages can be bought (or sold):

B1=5B =5:(1-100&6-10&9-1) = 5(1 6 9)

=5.1-100 & 5-6:10 & 5-9-1 = 51 5.6 5.9
Full House! =5-100 & 30-10 & 45-1 = 5 30 45

= (5+3)-100 & (30-30+4)-10 & (45-40)-4 5+3 30-30+4 45-40

=8-100&4-10&5-1 = 8 4 5
A package can also be split:

B1=B/5 =(7-100&6-10&9-1)/5 = (7 6 9)/5
= ((7-2)100 & (20+6-1)-10 & (10+9)- 1)/5 (7-2 20+6-1 10+9)/5
=(5-100 & 25-10 & 15-1 & 4-1)/5 = (5 25 15+4)/5
= (5/5)-100 & (25/5)-10 & (15/5)-1 & 4/5 1
=1-100&5-10& 3-1 & 4/5-1 1 5 3 4/5

The restacking rule

Restacking can be done manually dearrangingand counting. And restacking
canbe done mentally by calculating,thus predicting the result of a restacking
before it is carried out.

The ability to predict through calculations is the heart of (postmodern)
mathematics.
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The “restackingrule” tells how to split e.g. an 8-stackinto an e.g. 2-stack &
another stack:

[8=8-2+2 or T=T-b+b |

Also the restacking rule shows the meanirfighe Arabic word algebra eunite:
First 8 is split into 2 and something (8-2), then 8 is reunited (8 = 8-2+2).
So rebundling creates multiplication and division, and restacking creates
addition and subtraction:

Rebundle 8 into 2s by taking away 2s: 8=8/2-2=4-2 T=T/2-2
Restack 8 into 2 & something by taking away 8:= 8-2+2=6+2 T = T-2+]

Coding and decoding in the shop
Writing bills can lead to coding and decoding and to solving equations
A bill typically consists of a subtotal (e.g. 80%) and an added purchase:

The Total of 80 $ and 5 days @ 6%/day is 110$: T =80+ 56 =110
This bill can be coded in different ways:

The Total of 80 $and 5 days @ 6 $/dayis ?$: T=80+56= 7?2
The Total of ?$and5days @ 6 $/dayis110$: T= b+5:6=110
The Total of 80 $ and ? days @ 6 $/day is 110$: T=80+n-6=110
The Total of 80 $ and 5 days @ ? $/day is 110 $: T =80+ 5-a=110
The Total of b$andndays @ a $/dayis110$: T= b+na

Decoding 110 =80 + 5-a:

Coded hill: 110=80+5a
Restacking 110 into 80 & something: 110-80+80 = 80 + 5-a
30 =5.a
Rebundling 30 into 5s: 30/5-5 =5a
6-5 =5-a
Decoded result: 6 =a

Later decodingbecomessolving a linear equation110= 80 + 5-aby meansof
an equation-scheme:

Unknown: a="? T =b+an Equation
Known: T=110 |T-b+b =b+an Restacking T into b & something
b=80 |T-b =awn
n==6 (T-b)n-n =a-n Rebundling T-b into ns
(T-b)/n =a
(110-80)/6 =a
5 —a
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Geometry: Dividing the land

R

* Q Q

A given pieceof land is to be divided betweento settlements? and Q so that
eachhasthe samedistanceto the border. This leadsto words as points, lines,
perpendicular bisectors, polygons and triangles. #andght trianglesbeing the
half of a rectangle, divided by a diagonal.

B The Greeks The Arabs
c A+B=90 A+B=90
a a+b?=c? sinA = alc
cosA = bl/c
(tanA = a/b)
A b C

A triangle has six pieces:Threeanglesand three sides.In a right triangle we
know the right angle.In order to draw a right triangle we need additional
information about a sidand abouta third piece.The lastthree piecescanthen
be measured, or calculated if we have three equations.

The Greeksfailed sincethey only found two equations:The sum of the
angles are 180 degrees. And the Pythagorean Theafenh? = c2.

The Arabs succeeded in finding tadditionalequationsto the Greekones
by introducing a double measuremenf the sides:an outside measuremenin
“meters”, and an inside measuremenin diagonals,thus rebundling the short
sides in diagonals: a = a/c-c = sinA-c and b = b/c-c = cosA-c.

Rebundling and restacking areas

Rectangularareascan be rebundledand restackedinto anothershapehaving
the same area. Rebundling and restackingsqtearesasbelow will leadto the
Pythagorean Theorem: a-bx2, (b-a)-b =y?, sob? = x? +y?

S

X<
"'//
e
)
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After the talk 32 of theeacherstudentshandedin a questionnaireaskingthem
to express their attitude on a scale from very negative to very positive:

0: very neg., 1: neg., 2: a little neg., 3: neutral, 4: a little pos., 5: pos., 6: very pos.
The numbers report the mean, median and the mode and its frequency.

in primary in basic schoo| in secondary [in teacher
school (1-4) |(5-10) school (11-12]education
Only modern math|3,6 4 5(8)|39 4 3(11)39 4 411435 4 4(8)
should be taught
Only postmodern |2,3 2 19|27 3 13(§3,0 3 3(13]3,8 4 345(7
math should be
taught
Both should be 3,1 3 5(8)|36 4 34(8|42 4 4(1354 6 6(17
taught
Bundling leads to Total stories as T = 3*4 & 2*1 38 4 4(15
Describing parts of bundles leads to fractions as T = 2/3*3 40 4 413
Describing parts of bundles leads to decimals as T = 2/10*10 = 0{3,9 4 4(12
Rebundling leads to the rebundle-rule T = T/b*b 43 5 5(14
Coding and decoding can lead to solving an equation as 300 =|4,5 5 5(17
Buying leadsto addition T =T1+B = (2*w & 4*d)+(3*w & 5*d) =(4,0 4 4(11
(2+3)*w & (4+5)*d
Selling leads to subtraction T3=T2-S=(6*w & 2*d)-(2*w & 3*d)(6-|14,4 4 4(14
2)*w & (2-3)*d
Restacking leads to the restacking-rule T=T—-b +b 44 5 5(14
Writing bills leadsto coding and decodingand solving the equatiorf4,4 4 4(16
T= b+a*n
In the field dividing land leadt points,lines, polygons,trianglesand5,0 5 5(13
right-angled triangles
Right-angledtriangleslead to Greekfailure with only two of threg4,4 4 4(11
equations and to Arabic success with 3 equations
Rebundlingrectangularland into squareseadsto the Pythagorea|4,3 4 4(11

theorem
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Conclusion
Teachingonly modernmathematican schooland in teachereducationgot a
partial positive reaction. Teaching only postmoderthematicsn schoolgot a
partial negativereaction,and a partial positive reactionin teachereducation.
Teachingboth modernand postmodernmathematicsin school got a partial
positive reaction, and a very positive reaction in teacher education.
As to specifictopics especiallyrebundling,restacking,coding & decoding
equations and geometry through dividing land got a positive reaction.
Encouragedby this the authorshave startedto develop a talk on post-
modernrehumanisednathematicsn the renaissancend in modernindustrial
culture, thus offering an alternativepostmoderrapproachto secondarymathe-
matics.
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Building the Mathematical Confidence
of Pre-Service Teachers

Linda Hall
USA

In primary, elementary, and special education teacher preparation programs
many students lack confidence in their mathematical abilities. This translates into
a lack of success in course work and a less than positive attitude toward mathe-
matics. The pre-service teacher will fail to learn important concepts, strategies,
and teaching methods necessary to successfully guide their students in their
acquisition of mathematical knowledge. And, in most cases, these teachers will
slight the time given for mathematics during the school day. The result is critical
since not only are we graduating future teachers with marginal mathematical
knowledge and poor attitudes toward mathematics but they are failing to instill in
their students’ numeracy, the beauty of mathematics, and a love of mathematical
learning.

To counteract this critical situation, it is imperative for those in teacher
education to view critically the course structure for these pre-service teachers. To
require courses with advanced mathematical rigor that encourages failure rather
than success is to further alienate these students from mathematics. To require
courses that fail to increase numeracy, to instill a quest for mathematical know-
ledge and to model best teaching practices is to shortchange our children.
Building the mathematical confidence of these future teachers is critical to their
attitudes toward and success in teaching mathematics.

Many of these pre-service teachers enter teacher education programs with
math anxiety, ranging from mild to severe cases. In a class of 27 students
enrolled in a mathematics course structured for primary education, just under
90% of the students expressed a lack of confidence in their mathematical ability,
anxiety when faced with mathematical problems, and concern about their lack of
knowledge in mathematics. To provide an environment that would allow these
students to increase their mathematical confidence while increasing their mathe-
matical knowledge necessitated changes in course delivery.

Three things were initiated immediately: no formal or written “tests”, a classr-
oom atmosphere that encouraged attempting all mathematical problems and
situations without fear of failure or ridicule, and the formation of groups. In
announcing that no formal or written “tests” would be given there was an audible
sigh in the class. Students later indicated that the knowledge they would not be
taking tests relieved the anxiety they experienced when preparing for and taking
tests and gave them the freedom to learn. This did not relieve them from evalua-
tion - students were required to research assessment and evaluation practices and
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to assist in developing an assessment for their course grade and a self-evaluation
instrument.

In developing a classroom atmosphere where students were encouraged to
attempt all mathematical problems a class ethos was established. No one would
be criticized or ridiculed if they did not succeed, respect would be given to all
students, and recognizing and correcting mistakes was as important as being
correct originally. This also meshed with the formation of the groups. Students
were encouraged to work together on problems, to share their thinking, and to
assist other group and/or class members who might be having difficulty in
understanding concepts or problems. The students were expected to accept
responsibility as a group.

Most of these students had come from a background of rote learning,
individual work product, and grades based on homework and tests. They were
now exposed to a classroom where they were expected to work in groups, share
information and thinking, and produce work that would reflect their learning over
the entire course. In evaluations, students reflected on their discomfort initially
when asked to work as groups. One student indicated that she thought it would be
difficult but found it to be a very positive experience. She reflected on the
patience of other group members when she did not understand something, how
they would explain it and make sure she understood it thoroughly before moving
on. They also had to move past the perception of “cheating.” After working with
Pascal’s triangle in class students were asked to find other patterns. One student
returned with information obtained through internet sites and was concerned that
it would be considered cheating. She had researched the problem, found
information that increased her mathematical knowledge, and shared that informa-
tion with the class in a way that indicated her understanding of the pattern. The
class was enriched by her contribution and she realized that what she had
accomplished was not cheating but learning.

It was important to model the teaching methods that the students would be
expected to use in their classroom. Every class started with at least 15 minutes of
mental math. A few problems would be put on the overhead projector for the
students to solve mentally. This again was difficult for many students who
wanted to revert to paper and pencil for easy problems. When all students had an
opportunity to complete the problems students were asked to volunteer an
answer. After several answers were given, correct or incorrect, students were
asked to explain how they arrived at the answer. Initially students were hesitant
to explain, fearing criticism for their approach, their thinking, or their answer.
When it became evident that criticism was not forthcoming, students became
more willing to share their thinking, even when they had reached an erroneous
conclusion. Students indicated in their evaluations how important it had been to
hear others explain their thinking, to see different approaches to the same
problem, and then to try these themselves.

Mathematical concepts were also learned through problem solving and acti-
vity based explorations, similar to the activities they would be using in their own
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classrooms. These activities allowed the students to explore mathematical con-
cepts, increase their mathematical knowledge, and learn to work coopgrativel
within their group,

Students were required to keep a journal throughout the class. They were
encouraged to look at mathematical insights, insights about teaching and lear-
ning, things that contradicted their belief system, insights about themselves as a
learner, things they found interesting, frustrating, challenging, excitirehas.

These journals helped students reflect on their learning and experiences with
mathematics.

For their final assessment students compiled a comprehensive portfolio. In
addition to all assignments from the course they selected pieces that included:
their most important work, a selection that helped complete the picture of them as
a learner/teacher of mathematics, a reflective piece, a letter synthesizing their
“big ideas” from the course, a statement of their philosophy of mathematics
education, and a reflection on what they learned from other students in the class
and members of their group. The last item in the portfolio was a self-assessment
that looked at all the goals of the course. Not only did this provide the students
with a comprehensive record of all their work in the course, it required them to
evaluate their own learning.

Though this approach differs greatly from the majority of mathematics classes
required for pre-service teachers it was evident from evaluations that students
learned mathematics, became confident in their mathematical ability, and in their
ability to teach mathematics. These students have been given a taste and their
thirst has not been quenched. They will continue their mathematical learning.
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An Inductive Approach to Conceptual Development
in the Area of Functions

Heidi Stramskag Masgval, Frode Rgnning
Sar-Trgndelag University College

Introduction
Concepts and notation in connection with functions often turn out to be very abstract
for many pupils and students. At the same time, it is possible to reach a certain level of
computational skill sufficient to solve many exercises without possessing a basic
understanding of the concepts. Solving equations, solving max/min problems, compu-
ting derivatives and integrals serve as examples of this situation.

We will present the way we have let our students in teacher education work with
the concepts of differentiation and integration.

Our didactical ideas

According to the national plans for teacher education our students'aballire

insight into the basic ideas behind differentiation and integrati®@@me of our
students have studied mathematics for three years in secondary school, and they have
worked quite a lot with these topics. However, many of them do not have a genuine
understanding of the concepts, but they have developed a mechanical mastering which
makes them capable of solving problems by manipulating algebraic expressions. These
students will not be very motivated to go deeper into the understanding of the concepts
as long as their algebraic skills are sufficient to solve problems. On the other hand,
most of the students have studied mathematics just one year in secondary school, and
they have barely touched the topics differentiation and integration before. For them it
sounds very advanced, far from their everyday life, and therefore both frightening and
irrelevant. Their fear is also due to the fact that they think that some of their fellow
students ‘know a lot about it'.

To strengthen the motivation for a deeper understanding for all groups, and to
smooth out the differences due to previous experience, our students have been given
problems to work with where they themselves to some extent have patrticipated in
creating the context, and where algebraic skills have neither been sufficient nor neces-
sary to solve the problems. In this way we have generated a situation where the
students have started to discuss with each other and with the teachers in a meaningful
way. Here we see traces of whakovsmose (1998) refers to as a ‘landscape of
investigation’ (Danish: ‘undersgkelseslandskap’). It has been vital for us to move away
from an arena where the teacher is in the centre — where the teacher is the one to
decide what are sensible questions, and then to pose these questions to the students.

Our motive has been to create nearness to the concepts. The students should
actively construct the concepts by making them meaningful to themselves. Through
discussion, the understanding of the concepts will be more robust. A basis for our
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work is a constructivist view on learning based on the idea that each individual builds
his/her own knowledge. In addition we will underline the importance of being active.
The students gain knowledge through activity, and it is important that this takes place
in an interaction between fellow students and teachers. We have tried to take the
students to a ‘landscape’ where they become curious and want to investigate mathema-
tical coherence.

Examples with experiences and comments

Our program starts with developing a qualitative understanding of phenomena that can
be described by differentiation and integration. We preferred to use the concepts ‘rate
of change’ and ‘summation’ instead of the words differentiation and integration.
Gradually we develop quantitative calculations that require that one goes to the core of
the concept, but at no point we develop algebraic methods (formal differentiation and
integration). The main scope of our program is to give a good basis for the under-
standing of the mathematical concepts, and at the same time we want to show how
these concepts can be found in the society around us.

Example 1. How to measure the speed

If a ball rolls down an inclined plane, its speed will gradually increase. By measuring
we find that it has covered 1 meter in 1 second, 4 meters in 2 seconds, 9 meters in 3
second and 16 meters in 4 seconds. The problems that were given in connection with
this were the following:

» Discuss how you could measure the speed of the ball at the various points based
on the information in the figure below.

» Discuss how you could find the speed more accurately by making more
observations.

For the first problem we got several
different answers. To get the speed for
t=2, say, some calculated the average
speed from O up to 2, some from 1 to 2, and
some even from 1 to 3. When they got
different answers, they started to discuss

the reason for this, and also to discuss what
would be the most correct answer in the sense which answer would be closest to the
actual speed, and why this was so. For the second problem, the idea of measuring over
shorter intervals came up in a natural way. They also developed the idea that it would
be wise to measure a little bit before and a little bit after the point we are interested in
since the speed is increasing, and theréefioraill become more accurate if we take

one piece where the speed is too small, and one piece where it is toa large”

Example 2. How to find the distance knowing the speed

You are driving a car, and your speed increases steadily from 0 km/h to 60 km/h for 6
minutes. After that you have constant speed 60 km/h for 12 minutes, then your speed
again increases steadily from 60 km/h to 80 km/h for 6 minutes. Finally you drive with
constant speed 80 km/h for 36 minutes.
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« What is the total distance you have covered?

« Draw in a coordinate system a graph describing the speed as a function of time

e Compute the area of the region bounded bythris,y-axis and the graph you
have drawn. Comment on the result.

Before working with this example, we had worked with ‘the constant speed situation’,
so the idea ofdistance equals speed times tifse=v 1) was familiar, and so was the
geometric interpretation of the distance as the area of a rectangle in this case. But what
about the situation when the speed was not constant, and the graph was no longer a
horizontal line? In the discussion following this example, the idea of finding the
average speed in the intervals where the speed was increasing, came up. Intuitively,
they argued that the average speed in such an interval had to be midway between the
speed in the beginning and the speed at the end. Now the average speed could be
introduced in the graph as a horizontal line (GF in the figure below)sthet

formula could be used, and the distance represented by the area of a rectangle was
again brought back into the picture.

Comparing the area of the rectangle ABFG and
the triangle ABE, they found that they were equal.
1 Therefore, the distance could also be interpreted
as the area under the actual (non constant) speed
curve, because as one of the students Saltat

we have extra until we are half way is just as

N 5 much as we have too little on the last half.”

We find it of interest to mention that these students now made the same observation as
Galilei did more than 350 years agbno New Sciences, 163®ere in a quotation
from Garding (1983).

The time it takes a body with uniform acceleration to move a certain distance
equals the time it takes for the same body to move the same distance with a
uniform velocity equal to half the sum of the least and the largest velocities in
the uniformly accelerated motion.

Thevalue of the approach in awider perspective

We think that this approach has a value in two main respects. First, we must bear in
mind that these students will be primary school teachers. Therefore they will not face
the need for teaching formal differentiation and integration in their future profession.
However, these concepts are found in our everyday life, and it is relevant to work with
the ideas also on primary school level. An algebraic approach, in particular combined
with poor understanding of the concepts themselves, will be of little or no value in
transforming the ideas to primary school level. Second, some of these students will go
further in mathematics, and then formal calculus will be a natural next step. We
believe that the basis given through this approach will be a good one since applications
of calculus in problem solving require a solid understanding of the concept.
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Using the Internet for Assessment

Linda Hall
USA

One of the most time-consuming tasks for any educator is the construction and

correcting of tests. With the emphasis on standards, accountability, and standar-
dized testing, classroom assessments become even more important. Textbook
related tests or pre-constructed tests do not always align to state or local stan-
dards and benchmarks. How does the teacher or administrator determine with any
degree of accuracy how students are progressing, whether they understand
concepts required by standards, and whether the questions really align to the
standards and assess that concept?

Internet based assessment programs may revolutionize how assessment is
conducted in education. Though this technology could be considered “first gene-
ration” it is advancing rapidly. These programs vary in the product and support
they provide to teachers, and administrators. Some allow a teacher to select the
standards she/he would like to test, select questions that align to these standards,
and construct the test. Students take the test on-line, it is graded on-line, and the
results are provided to the teacher. Reports can be generated that track the
progress of an individual student throughout the year, indicate possible deficien-
cies in student knowledge, pinpoint gaps in curriculum, show test results accor-
ding to selected demographics, and allow administrators to view district progress
on standards. These comprehensive programs give the teachers and admini-
strators a wealth of information that allows them to truly assess the progress and
knowledge of their students.

Other sites only provide questions for use as paper and pencil tests. Many
times these questions have been submitted by teachers with no alignment to
national or state standards. There are also sites that provide assessment oppor-
tunities on the internet at specific times under controlled conditions.

With internet based assessment increasing, it is imperative for educators to be
aware of this rapidly advancing technology and become familiar with some of the
many sites that offer these programs.
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Teaching Algebra at Lower Secondary School

Tiiu Kaljas
Estonia

Teaching mathematics at the lower secondary school level comprises mostly of
teaching basic arithmetic, geometry and algebra. The goal of the teacher is to
present basics to the student in an interesting and understandable manner. Lear-
ning of algebra requires relatively higher levels of comprehension and abstrac-
tion. Therefore the challenge for the teacher is to teach algebra in a manner that
would not lose the students’ motivation and comprehension.

For the past 50 years, Estonian teachers have relied on a teacher-oriented
method of presenting facts, as opposed to encouraging student initiative to re-
search their own solutions to problems and answers to questions:

- It is easier for a teacher to pontificate from a standard class program

than it is to encourage student initiative;

- Itis easier to evaluate each individual student with a standardized test

as opposed to evaluating the success or shortcomings of individual
initiatives.
With the new millennium, we need to rethink our teacher-oriented teaching
methods in our schools and encourage individual student initiatives and inter-
action. Even good teachers can fall into a route, tending to stick to their familiar
methods as opposed to customizing their teaching to the students.

With the introduction of information technology often being an enigma to
many of today’s teachers, it is the younger teachers who are open to new forms
of education. Younger teachers are quicker to accept the idea of a student focused
educational system and more willing to accept the added responsibilities and
obligations of student based education.

They are beginning to introduce new methods while older teachers keep to
continuity. Until the new educational focus becomes generally accepted, teachers
today focus on and make the most of subject based teaching. Teachers today can
rely more on multimedia visual aids to enhance comprehension. Teachers can
utilize more integrated methods for understanding, i.e. practical applications to
reinforce theorems.

Every concept in school algebra should be presented in four different forms:
verbally, symbolically, by figures, and visually.

Literature

Maletsky, E.M. (1996). Handling, seeing, and thinking experiences in mathe-
matics. InThe art of problem solving (pp. 173-198). Thousand Oaks, CA:
Corwin.

283



Poster

The Problem Field of Viviani's Theorem

Tunde Kantor
Hungary

generalized inequality ¢
Erdos-Mordell for the
tetrahedron

1

generalization to the o\
side point P:
k,d;+k,d,+ksd;+k,d,=
const.

ki, ko, ks, k=21

similar theorem for the
regular tetrahedron
d;+d,+d;+d,=const.=h

1

Barrow's theorem
(scalene triangle)

VIVIANI'S theorem
(regular triangle)
d,+d,+d;=const.=h

theorem of Erdds-Morde
(scalene triangle)

converse theorem

!

P is on the base of tf
isosceles triangle
d;+d,=const.=2a

converse theorem

P is on the side of the
equilateral triangle
d;+d,=const=2a

P lies on the extension
a side of the equilater
triangle

k,d,+ k,d,=const.

Ky, ko=%1

!

P is an exterior point of
the equilateral triangle
k,d,+ k,d,+ ksd;=const.
Ky, Ko, kg=£1

!

in an equilateral triangl
we draw parallels throug
the interior point P to th
sides

d,+d,+d;=const.

in an equilateral triangle
we draw segments
through the interior point
P. The segments make {
same angle with the
proper sides of the

triangle. d+d,+d;=const.

generalization to reguls
n-gons
k,d,+k,d,+...+k,d,=const.
ki, kK, ..., k=t1
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A Master Program in Rehumanised Mathematics?

Allan Tarp
Danish University of Education

Target group: Graduates within humanities wanting to become number
language teachers.

Background: A decreasing enrolment in mathematics and mathematics based
education within science and technology, and a coming mathematics teacher
shortage.

Philosophy: A rehumanised mathematics curriculum is following the principle
of high necessity by placing its authority with the necessities of nature that gave
birth to mathematics. First to multiplicity giving birth to the practices of bundling
and rebundling, and stacking and restacking, and to stories about the total, found
by counting or calculating. Later to the four necessities of nature that physicsis
built upon: Mass, charge and extension in time and space.

Content: The quantitative literature of different eras

Module 1. The antique dominated by agriculture and local trade

Cultural background: From hunting and gathering to agriculture and local trade

1. Phrasing and quantifying the necessity of multiplicity. Different number
systems

2. Phrasing and quantifying the dividing up of earth. Greek and Arabic geometry

3. Phrasing and quantifying the dividing up and reuniting of numbers. Arabic
algebra

Module 2. The renaissance dominated by mining and global trade

Cultural background: From local trade to silver based global trade

1. Quantifying the mine. Levers, wheels and pulleys

2. Quantifying money. Bookkeeping and interest calculations

3. Quantifying local motion and the necessity of time. The local laws of falling
bodies

4. Quantifying figures. Perspective and co-ordinate geometry

Module 3. Early modernity dominated by steam power

Cultural background: From His incalculable will to nature’s calculable will
1. Quantifying the necessity of space. Vectors

2. Quantifying macro motion. The global laws of falling bodies

3. Quantifying games and chance. Probability and statistics
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Module 4. Late modernity dominated by electronic technology

Cultural background: From manpower to cyborgs

1. Quantifying micro motion. From calculable atoms to incal culable electrons
2. Automating numbers. Electronic number processing

3. Automating calculations. Systems: linear, dynamical, risk, chaotic

Language Perspective: Qualities and quantities. Word language and number
language. Language and meta language. Mathematics as a grammar of the
number language. Modern structuralism and Bourbakism dehumanising the
number language Genres of quantitative modelling: fact, fiction and fiddle. The
guestion of representing the world in language.

L earning Perspective: Biological brain forms. Reptile-, mammal- and human
brains. The two main questions of learning: How do concepts come into the
world, from above or from below? How do concepts come into the students, from
outside or from inside? The corresponding learning theories: Structuralism and
nominalism, transfer and constructivism.

Organisation: Each module consists of a number of meetings and assignments,
and a terminal project. Distance education will be an option. The language and
the learning perspective are integrated into the modules.
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