Mathematics Teaching and Mathematics Teachers:

A Meta-Case Studyun

CELIA HOYLES

In his presidential address to the 14th annual meeting of

PME [2] in Mexico 1990, Balacheff called for a step
beyond a psychological approach “in order to understand
the nature of the complexity of mathematics learning in a
didactical context™ [Balacheff, 1990, p. 2]. He suggested
that we must find ways to integrate a social dimension into
our methodologies basing his argument on two premises.
First, “students have to learn mathematics as social knowl-
edge; they are not free to choose the meaning they con-
struct” and second, “mathematics. . requires the confronta-
tion of the stndent’s cognitive model with that of other stu-
dents, of the teacher, in the context of a given mathematical
activity” [Balacheff, 1990, p. 2]. In this paper, I set out to
take such a step as suggested by Balacheff — through
recognising the teacher as a major influence in the process
of learning mathematics and attempting to analyse the ways
in which the teacher’s role is constructed Since I have a
background in case study research, I have conducted a
meta-case study stimulated by Balacheff’s challenge. The
issue my case study sets out to address is the identification
and analysis of the positioning of the teacher within a
framework of psychology of mathematics education. The
data I have collected and used as a basis for my “findings”
are the following: the proceedings of PME conferences
since 1979; a literature review in mathematics education;
some papers from outside mathematics education in the
general area of teacher thinking augmented by particular
research within knowledge domains other than mathemat-
ics; and finally my own research. As far as this latter data
are concerned, 1 have taken the opportunity to reflect upon
my previous research endeavours with a view to pulling out
what might be said concerning the issue of the present case
study. First I will focus on the proceedings of PME confer-
ences and draw out some trends evident from the papers
presented over the last twelve years.

Trends within PME

Balacheff’s remarks reflect a changing paradigm of work
within the community of PME. There is a clear shift in
methodology: from experiments identifying children’s
errors and their possible “remediation” by “treatments™, to
case studies within more holistic framework; from theoreti-
cal perspectives which are limited to the student/mathemat-
ics dyad, to those which encompass this dyad within social
settings while incorporating a more conscious probiematis-
ing of the nature of mathematics itself. These changes have
brought a richer more authentic thrust to research in PME
yet, I suggest, they have also led to some confusion in focus
for investigations within the framework of psychology of
mathematics education, together with some concern over
the validity and generalisability of research findings.

There are two trends evident in the work of PME: a
quantitative increase in research incorporating the teacher
as an integral — and crucial — facet of learning mathemat-
ics, and a series of qualitative shifts as to how the teacher
and the teacher’s role are conceptualised

Recognising the teacher

Of the papers included in the published proceedings of the
third PME conference in 1979, all but three focused on stu-
dent understanding of mathematical concepts, Some papers
centred on the diagnostic, identifying the kinds of difficui-
ties students encountered, the stiategies used to solve par-
ticular sets of problems, and the types of etrors that arose
Others considered development in mathematical thought
either from the standpoint of identifying bartiers to further
development, or in terms of advocating aids for promoting
understanding. If the teacher was mentioned at all, sfhe
was discussed purely as a facilitator — to dispense facts
and information; to identify errors or misunderstandings;
to provide materials or strategies to overcome misconcep-
tions; or to promote further mathematical development.
Within this body of papers, Skemp’s paper [1979] proved
to be an exception, describing the dynamic development of
the mental processes of the learner as “necessarily related
to the goals of the learner; and if a teacher is involved, to
those of the teacher also” [p. 197, my emphasis] Skemp
also pointed to the possible “mismatch™ between the learn-
ing goals of student and teacher.

In 1980, the majority of papers again concentiated on
student ability, student understanding and representation of
specific mathematical concepts and the “attributes”, “atti-
tudes” and “processes” of students in the mathematics
classroom. As at the 1979 conference, the teacher’s role
was described in terms of promoting student progress,
either on the basis of identified driving o1 inhibiting char-
acteristics of the students themselves, or by adopting theo-
retically-derived methods of instruction. However, the
teachers themselves featured a little more prominently, at
least in terms of introducing ideas of methods to “connect”
with students and overcome problems in the classroom [for
example Herscovics and Bergeron, 1980; Bergeron and
Herscovics, 1980].

In contrast with the dominant theme of most papers in
1979 and 1980, which may broadly be classified as “what
makes learning difficult?”, Shroyer [p. 331] asked “What
makes teaching difficult?” Referring to the work of
researchers who have shown an interest in classifying and
quantifying teacher thought [for example, Peterson and
Clark, 1978], Shroyer herself analysed “critical moments”
whilst teaching mathematics and proposed that differences
between teachers reflected differences in “teaching styles,
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instructional goals and expectations™ 980, p. 336]. Bishop
[1580] also argued that, just as children develop their own
problem-solving strategies, so do teachers develop their
own personal techniques for dealing with classroom situa-
tions. He had “no doubt that the teacher was the key person
in mathematics education, and research which ignored this
fact stood a good chance itself of being ignored” [p. 343}

Within the context of the present review, the 1981 con-
ference papers were notable only in terms of a marked
absence of any substantial new discussion of teacher
beliefs and, in 1982, despite an increase in the number of
PME papers, there was no corresponding increase in
papers devoted to the teacher’s role in the classroom.
However, between 1982 and 1984 a new strand emerged
which recognised the influence of teachers® expectations
and attributional interpretations of students’ mathematics
learning and ability [for example, Hoyles and Bishop,
1982; Zehavi and Bruckheimer, 1983; and Romberg,
1984]. Romberg began to identify a more clearly defined
link between beliefs and practice. Taking as a conceptual
framework the “Model of Pedagogy” [Romberg et al,
1979], he proposed that teacher beliefs about schooling,
learning and mathematics are mediated by the specific
content to be taught, but also reflected in instructional
plans, teacher’s actions and students’ behaviour and per-
formance. He argued that the character of plans could be
inferred from the allocation of time and the emphasis given
to various content, and observed that teacher beliefs relat-
ing to student ability seemed to determine the different
types of tasks students were set in respect of content and
difficulty. Thus “low” ability students were given “drill
and practice” tasks, high ability students “explorations”

In 1985/86 little new can be reported, and indeed the
10th anniversary conference in 1986 appeared to relegate
the teacher once again to the position of a passive convey-
or of facts and information, albeit using a variety of diag-
nostic methods and teaching tools. However, a growing
appreciation of the differentiated nature of teacher beliefs
can be discerned. Brown [1986] suggested that a concep-
tion of mathematics teaching consisted of three compo-
nents: beliefs about mathematics; appropriate goals and
tasks for the mathematics classroom; and the relative
responsibilities of teacher and students regarding motiva-
tion, discipline and evaluation. Although drawing conclu-
sions from an analysis of only a single teacher, Brown
highlighted the possible conflict between a teacher’s own
conception of mathematics and hisfher perception of stu-
dents’ needs and interests, to the point where classroom
actions might become inconsistent with the teachet’s own
expressed beliefs about mathematics teaching. This is the
first mention of the influence of context on beliefs and the
potential mismatch between beliefs and beliefs-in-practice
— here framed to suggest that teachers have “true” beliefs
which may not be enacted in practice

In 1987, Oprea and Stonewater took up this issue of
inconsistency, noting that the relationship between belief
systems and instructional practice was fat from simple. They
argued for a distinction to be made between how teachers
thought about teaching mathematics and how they perceived
mathematical content More generally, Cooney and Grouws

[1987] identified a number of research issues and themes for
the future: “Studies of teacher knowledge and teacher beliefs
and especially how they moderate teaching behaviour and
student learning are needed” [Vol. I, p. 423].

In 1988, a rather more theoretical analysis was undertak-
en by Emest [1988] who, drawing on previous research
{Begle, 1979; Bishop and Nickson, 1983] detailed the
complex nature of the claimed relationship between teach-
er attitudes towards mathematics and effectiveness of
teaching suggesting that the picture was complicated by
the multi-dimensional nature of attitudes towards mathe-
matics. Nonetheless, Emest concluded after work with stu-
dent primary school teachers that it was attitude towards
teaching the subject rather than towards the subject per se
which was the most important factor in “determining”
teaching style

In 1990, a number of papers from a variety of perspec-
tives continued to point to the influence of the teachers’
beliefs, cognitions, and competence on behaviour in the
classroom and assessment practices or how the latter threw
light on the former [Dougherty; Flener; Grouws et al;
Schifter, (all 1990)]. This trend continued into the following
year, where once again beliefs were reported as influencing
classroom practice, [Jaworski; Even and Markovits; Jurdak,
(all 1991)] or framing teachers’ expectations of students and
their treatment of errors [Boufi and Kafoussi, 1991].

The issue of complexity was taken up by Undethill
[19901 who concluded that mathematical conceptions were
“watered down” as one moved from the mathematics spe-
cialists at school division level through the principal to the
classroom teacher. He suggested that this “web of beliefs”
influenced the actions and statements of novice teachers.
This takes me on to a consideration of factors influencing
teacher beliefs and how beliefs might be changes

Changing the teachetx
Alongside the trend towards “researching the teacher” in
PME, a developing interest can be discerned in the teach-
er’s role in mediating curriculum change 1987 marked the
first time interest in teacher beliefs in relation to curricu-
lum innovation was specifically noted, when teachers were
viewed as potential obstacles to innovations, as “some-
thing” to take into account and to be changed. For exam-
ple, Oprea and Stonewater [1987] cited Carpenter ef al.
[1986] who reported that teachers’ beliefs affected how
they perceived in-service training and new curricula, and
therefore influenced the relation of “implementation” to
the intentions of the original developers. The same year
saw a series of papers collected under the heading “In-ser-
vice Teacher Training”. These tended to argue that it made
sense to explore the belief systems of teachers before
attempting to introduce changes [Dionne; Waxman and
Zelman; Jaworski and Gates; Shaughnessy; Kuendiger, (all
1987)). Again there appears to be an implicit view that
teachers have something called “beliefs” in some decon-
textualised sense which need to be accessed and changed.
In the following vear, several papers continued to pre-
sent evidence concerning how teachers’ beliefs mediated
their behaviour and the ways curricular innovation was
taken up [Klein and Habermann; Jaworski; Simon, (all
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1988)]. Positive change was reported by Carpenter and
Fennema [1989] who described how curriculum support in
the form of research-based knowledge about children’s
thinking and problem solving was identifiable in teachers’
decision-making and instructional techniques, which in
turn affected students’ learning. These findings contrasted
with those of Clark and Peterson [1986] who had contend-
ed that teachers did not tend to base instructional decisions
on any assessment of children’s knowledge.

In a retrospective study, Nolder [1990] examined some
of the consequences of curriculum changes on teachers’
belief systems and identified some factors influencing
decisions about the innovative practice: anticipatory anxi-
ety (e.g. that parents might oppose the new methods and
that experimentation might lead to deterioration in exami-
nation results); mismatch between teacher’s residual ide-
ologies and ideas underpinning curticulum innovations;
and concern about the time needed to “implement” new
approaches. She also recognised that the social context of
teachers’ work imposed limitations on classroom practice
and curriculum innovation. This paper illustrates the grow-
ing appreciation within PME of the teacher’s reality and its
structuring of the teaching/learning process.

Finally, technology reappeared in a discussion of beliefs
(after a gap of 11 years) with Ponte [1990] and Noss,
Hoyles and Sutherland [1990] examining conceptions and
attitudes of teachers enrolled on computer-based inservice
programmes. This discussion was continued by Noss and
Hoyles in 1991, who adopted an approach which will be
elaborated later in this paper

Contextualising the teacher
In the late eighties, papers in PME exhibited a shift in
research attention away from subject matter structures,
teacher beliefs and student achievement, towards a per-
spective of social interaction and construction, mainly
through the report of the Research Agenda Conference on
Effective Teaching [Cooney and Grouws, 1987] Bauers-
feld, in particular, argued that a study of the development
of mathematics within social interaction in classrooms
showed “degeneration” into linear accumulation of tried
and tested routines: “The mathematical logic of an ideal
teaching-learning process.. becomes replaced by the social
logic. . ” [Bauserfeld, 1988, p. 38]. He suggested that the
reality of teachers, students and researchers could be seen
as a product of constructions by each of the parties
involved Taking an even broader view (perhaps leaving
the realm of psychology?), Stigler and Perry [1987] con-
sidered teacher beliefs and attitudes in the context of cross-
cultnral studies of mathematics teaching and learning,
claiming that what happened in the classroom was a reflec-
tion not only of the culture of the classroom but also of the
wider society .

This particular perspective seems little developed within

PME, although in the introduction to the proceedings of

PME 15 the organisers commented: “More than in the past
the general interest of the different activities scheduled in
the conference seems focused not only on students’
behaviour, but on the figure of the teacher and on the con-
text and social factors intervening in the teaching leaming
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processes™ [Furinghetti, 1991, p. iii]. This trend is dis-
cernible in the organisation of the PME conference iiself,
where some of the discussion groups of previous confer-
ences had, by 1991, developed into full blown working
groups, including: Social Psychology of Mathematics Edu-
cation; the Psychology of In-service Education of Mathe-
matics Teachers; Research on the Psychology of Mathe-
maties Teacher Development

Additionally in 1991, some attention was paid to teacher
beliefs and attitudes within a cultural context with an
emphasis not so much on identifying existing attitudes, but
on the effects of courses aimed at changing attitudes. Bish-
op and Pompeu Jr [1991], after introducing an ethnomathe-
matical initiative in Brazil, questioned whether a simple
shift from one approach to another was sufficient to guar-
antee better resuits in teaching. Moreira [1991], in a com-
parison of attitudes to mathematics and mathematics teach-
ing in English and Portuguese teachers, found quite differ-
ent attitude profiles in the two countries, attributing these
to different educational systems and to different social
contexts within which the schoocls operated. These papers
point to the difficulty of identifying generalisable patterns
within a paradigm which incorporates a social and cultural
dimension, particulaily in view of the different theoretical
frameworks adopted by the researchers

Researching the teacher

Evident from the review of the research above is the bewil-
dering 1ange of perspectives adopted. The studies cited are
characterised by the range of theoretical perspectives guid-
ing the research, by the variety of investigative tools used,
and by the diversity of methodologies employed. Lerman
[19923] has argued that one of the reasons that research on
teaching has grown in significance lies in the fact that
qualitative research methods have become established over
time and correspondingly gained wider acceptance. This is
undoubtedly tiue yet there is no consensus as to appropri-
ate and robust methods.

Within the PME community, the issue of methodology
was given serious consideration for the first time when
McLeod [1987] emphasised the need to refine frameworks
and develop new methodologies. However, there exists a
dilemma between, on the one hand, the desire to provide
creative methodologies to explore and access teacher
beliefs [as advocated, for example, by Shaughnessy, 1987]
and, on the other, the problem of interpreting multiple
methodology research findings to compare results and
identify emergent patterns. Perhaps the concern over
methodology was a catalyst for the new innovation in
1990: the plenary symposium, considering the responsibili-
ties of the PME research community?

Summary

An overview of papers presented at PME conferences over
‘the years indicates that increasingly the teacher has attract-
ed attention. There has been a shift in focus; beginning
with the recognition of the “formatting™ role of teacher
interventions and leading to a consideration of teachers’
underlying attitudes and beliefs. Different trends under this
umbrella can be discerned: studies of the nature of beliefs,



and studies seeking to identify their influence on class-
room activity and teachingflearning behaviours Alongside
these trends, a growing interest is displayed in the part
played by social and cultural factors and how these frame
attitudes at least in the process of classroom practice,
Many papers also admit that much remains to be done in
formulating appropriate methodologies and theories.

Thus, in 1992 “teacher research” is a major focus of
effort in mathematics education but one that is still emer-
gent: there is no consistent approach or straightforward
way to understand and interpret either empirical findings
o1 theoretical approaches. A range of methodologies is
used but few comparisons made amongst them; there is lit-
tle evidence of general patteins; each research seems
almost to “start again” with a new theory, a new method of
data collection. However, my review has thrown up some
issues which will serve to organise the rest of my paper:

- the need to disaggregate teacher attitudes taking into
account attitudes to teaching mathematics, to learning
mathematics, to mathematics itself and to students;

+ the need to analyse the “framing” of context on teacher
attitudes and take on board the possibility of multiple,
even contradictory, belief systems;

« the need to investigate the interaction of teacher beliefs
and curriculum innovation;

« the need te consider methodology and ways to achieve
in research more coherence, comparability and devel-
opment.

A search for a theoretical framework

In trying to identify a theoretical framework to research
teaching and teachers of mathematics, I consulted a selec-
tion of work from outside mathematics education in order
to search for similar o1 contrasting trends and to provoke
me to question what I might have previously taken for
granted.

Some lessons from outside mathematics education

The changing focus of research evident within PME can
also be discerned outside the community of mathematics
educators. For example, from the perspective of education-
al psychology, Beiliner has asserted:

“Studies of the individual learner, dominant paradigm in our
field for decades, may no longer be the appropriate conceptu-
al framework for understanding many kinds of leaming The
educational psychologist of the 21st century needs training in
the concepts and methods needed to study groups, to dis-
criminate among and describe environments, and to think
systematically or holistically rather than analytically or sim-
plistically about the nature of causality in the leaming pro-
cess (Salomen, in press)” [Berliner, 1991, p. 150]

Similarly, a look at research in reading suggests many par-
allels with mathematics education: there have been similar
shifts in emphasis over the last decade. Early reading
research tended to assume a sequence of skill acquisition
based on the notion of developmental stages; more recent-
ly, emphasis has been on reading as a constructive process
whereby readers interpret text according to their own exist-
ing understandings Additionally, the mediating role of the
reading teacher is now more clearly in focus with a rela-
tionship hypothesized between expressed teacher beliefs

and theoretical understandings on classroom practice fsee
for example, Roehler ef al, 1988]. Concerns over method-
ologies have also been expressed. Richardson ef af [1991]
reviewed reading research exploring the relationship
between theoretical orientation towards reading (phonics,
skills, whole language) and teacher behaviours and pointed
to the contradictory results obtained which, they suggested,
could be interpreted as stemming from problems of mea-
surement. The authors argued that since thers was no uni-
versal agreement on theoretical orientation or approach to
teaching reading, variations in teacher beliefs as well as
practice must be expected. In summary, reading research
seems to mirror the move in mathematics away from pro-
cess-product research to constructivism — with all the
concomitant methodological advantages and problems.

Moving beyond psychology and specific subject teach-
ing, we find that in his keynote address to the 1985 confer-
ence of the International Study Association on Teaching
Thinking, Clark reflected on the development of
researchers’ conceptions of teachers and teaching, the
available conceptual frameworks and methodological
issues [see Halkes, 1986]. Clark argued that the teacher
had previously been viewed as a physician-like clinical
decision-maker but now tended to be conceptualized as a
professional sense-making constructivist, developing and
testing personal theories of the world; a change which
required new language to mirror and express life in class-
rooms as seen by teachers and students The need for pre-
cise terminology was illustrated in the use of terms such as
“teachers’ cognitions”, “constructs”, “subjective impera-
tives” or “practical knowledge” which, though often used
interchangeably, originated from different frameworks
Commenting on the conference as a whole, Halkes also
noted that, with the growing attention to the individual
teacher’s perspective and thought processes, a range of
non-traditional research methods had been adopted, the
diversity of which was inevitably leading to problems of
comparability and generalisability.

Clandinin and Connelly [1987], commenting on recent
reviews of teacher thinking, theories, beliefs and knowl-
edge claimed that “what is especially interesting about
these studies is that. they purport to study “the personal”,
that is the what, why and wherefore of individual pedagogi-
cal action.” [p. 487} However the authors questioned what
was exactly meant by “the personal” and its relationship to
pedagogical action. Clandinin and Connelly’s paper attract-
ed considerable interest from other researchers in the field,
as evidenced by the publication of four response papers [3]
1 briefly pick out some arguments of three of them.

Halkes [1988] differentiated between the “particular”
perspective-exploring idiosyncrasies of an individual teach-
er (the focus of Clandinin and Connelly) and a “general”
perspective which took account of how different ways of
teaching might explain teaching or classroom practices. He
also pointed to the need for a third perspective linking
teacher behaviour and thinking with the task of teaching as
“explicit international behaviour”. He argued that such a
view would require an analysis independent of the individ-
ual teacher and the demands of both general and specific
teaching tasks. Roechler er al [1988], whilst accepting that
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the Clandinin and Connelly review provided a useful basis
for examining teachers’ personal knowledge, argued that
the personal knowledge which most influenced teachers’
instructional practice was not beliefs or implicit theories,
but rather the structures which organized instructional
knowledge. They suggested that these knowledge structures
were fluid and evolved as the teacher integrated knowledge
from new experiences into existing schema, in contrast to
beliefs and theories which were usually presented as static
and eternal truths. Roehler et ol also pointed to the differ-
ence between the associations of beliefs and knowledge
structures to practice — the former influencing what teach-
ers said ousside the classroom whilst the latter structured
their responses in classrooms. Olson [1988] similarly
argued that making sense of teaching meant interpreting
what teachers did and what rules they were following — an
approach recognizing the teachers’ culture which parallels
the work of myself and Noss (see below) The contrast of
the general and the particular, the focus on methodological
issues and the growing awareness of the social constraints
of the classtoom mirror our own concerns in mathematics
education, to which I will now return,

Beliefs and beliefs-in-practice

Thompson [1992], in a comprehensive review of this area,
noted that, since 1980, a flurry of studies in mathematics
education have focused on teachers’ beliefs about mathe-
matics and mathematics teaching and learning. Drawing on
her own work [Thompson, 1984], she identified a consis-
tency in views of mathematics amongst junior high school
teachers, which, she argued, suggested a well-integrated
system. She also noted a strong, though subtle, relationship
between these views and classroom practice — although
recognising that this could not be characterised as one of
cause-effect. In contrast, other work has identified mis-
matches between beliefs and practice; for example, the
espoused-enacted distinction [Ernest, 1989] and some
experimental research within French didactics.

The problem for French researchers as set out by Arsac,
Balacheff and Mante [1991] is “one of the reproducibility
of didactical situations” in the researching of which a
growing recognition of the role of the teacher has been
identified. In their first study it became clear that, in prac-
tice, the teachers needed “closure” and the production of
an acceptable mathematical solution — even though this
was not part of the plan agreed with the researchers In a
second experiment, the teacher was given an even more
precise formulation of what she was allowed to do and say
[4], but once again clear “gaps™ between the intended sce-
nario and its implementation were discerned — gaps
which were interpreted as stemming from the teacher’s
personal relationship to mathematics and her ideas about
teaching and learning mathematics.

This inconsistency of teachers’ beliefs and their practice
is also manifested in the findings of Sosniak, Ethington
and Varelas [1991] who used the data from the Second
International Mathematics Study to explore teacher beliefs.
They found that:

.. .eighth-grade mathematics teachers in the US apparently
teach their subject matter without a theoretically coherent
point of view, They hold positions about the aims of instruc-
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tien in mathematics, the role of the teacher, the nature of
learning, and the nature of the subject matter itself which
would seem to be logically incompatible [p 127, emphasis
in text]

One is led to wonder how to interpret these apparent mis-
matches. How far are the inconsistencies in findings sim-
ply artefacts of the different research tools adopted, for
example, questionnaire or case study? Sosniak ef af them-
selves recognised that their findings might be influenced
by the research instruments they had employed; a point
explored further by Glidden [1991] who expressed concern
over the lack of concrete referents in the questionnaire
items used and the failure to distinguish short and long
term goals. Lerman [1992b] suggested that similar “incon-
sistencies™ might merely be in the eye of the beholder,
atguing that theory and practice should be “seamless rather
than separate” [p. 3]. I tend towards an interpretation sug-
gested by the authors themselves since it rejects (albeit
implicitly) any intimation that “teachers are not up to stan-
dard”. They posited the notion of “distance” of the vari-
ables in their study from the activity of teaching — views
of mathematics at one extreme and of student activity at
the other — and suggested that:

We have a set of findings regarding teachers’ curricular ori-
entations which shift systematically from *“progressive” to
“traditional” as the teachers move from considering the
issue most distant from schooling and classroom instruction
to the issue most central to schooling and classroom instruc-
tion [Sosniak et al, p 129]

From this perspective, inconsistency merely reflects the
different concerns brought to bear in the act of teaching in
schools and that of discussing mathematics education.
Brown and Cooney [1991] subscribed to this more interac-
tive interpretation of teachers’ actions, building on the
work of Schon [1983], which recognises the limitation of
technical rationality in professional action: “(the teacher’s)
inquiry is not limited to a deliberation about means which
depends on a prior agreement about ends He does not
keep means and ends separate, but defines them interac-
tively as he frames a problematic situation” [Schén, 1983,
p. 68] Brown and Cooney also pointed to the duality of
practice, referring to the work of Shulman [1978] “that
when prescribed practice is perceived by teachers to be
inconsistent with their existing theories (implicit perhaps)
of teaching, that practice is discarded” [p. 113] — that is,
when it is a question of trying out a new innovative prac-
tice or relinguishing classtoom control, the latter must take
precedence as teachers need to be able to predict and con-
trol classroom events. Decision-making (“reframing” as
Schon calls it) occurs in reaction to the data of the class-
room. As Desforges and Cockburn {1987] have pointed out
with reference to primary classrooms:

We have worked with many teachers who were well
informed on all these matters [children’s mathematical
thinking, clear objectives, attractive teaching materials —
CH] and yet who routinely failed to meet their own aspira-
tions which they shared with mathematical educators. We
do not believe that this failure has been due to idle or unin-
formed teaching. On the contrary, we suspect that the failure
lies in the unwillingness of the mathematics education



establishment to take seriously the complexities of the
teacher’s job. [Desforges and Cockbum, 1987, p. 1-2]

It seems that actions and beliefs are shaped by the conditions
of classrooms and teacher decisions stem more from the
social practices which frame teaching than the cognitive
structures and beliefs of individual teachers. Yet, if we go
too far along this road, there is a danger of viewing the teach-
er as “determined” by the constraints of the role and failing
to acknowledge the diversity in both beliefs and practice
Towards more specificity
In attempting to unravel general tendencies, we run the
risk of losing the self-evident diversity amongst teachers
and classrooms — across different age 1anges, and within
different cultures. What is a teacher? Is “the teacher” a
well-defined “object” of study? Is it the case that the teach-
er’s role and culture is homogeneous across different coun-
tries? Almost certainly not — in fact, I have been struck by
the question as to how far the change in paradigm identi-
fied so far is merely a “western” phenomenon?

Does the teacher of mathematics have the same role and
positioning across age phases? Evidence in fact points to
the contrary and to a different stance taken towards investi-

gations with primary teachers in comparison with those of

secondary or high school teachers. The majority of studies
on the former group tend to assume that understanding of
mathematics, or at least self-image regarding competence
in the subject, are the most influential factors in determin-
ing the functioning of the teacher. They therefore tend to
concentrate on misconceptions in the teacher’s knowledge
base or, less frequently, explore teachers’ beliefs regarding
their perceived lack of competence In contrast, the majori-
ty of studies of teachers of older students are more interest-
ed in defining the knowledge andfor beliefs held by teach-
ers regarding mathematics and mathematics teaching and
learning. Qutside the realm of mathematics, similar differ-
ences are identifiable. For example a study of pre-service
elementary and secondary science teachers, indicated basic
differences between the belief structures and concerns of
the two groups [Cronin-Jones and Shaw, 1992] with the
tormer apparently more “simplistic” than the latter; exam-
ptes of areas of focus unique to the secondary group
included concern for the subject and for its assessment.

There is also diversity amongst students -— in terms of
their perceived mathematical competence (as previously
noted) but also in terms of their social position As Secada
[1991] has argued:

Work on teaching, while attending to teacher beliefs, knowl-
edge, and behaviours in terms of content knowledge, needs
to expand to include teacher beliefs, knowledge, and
behaviours as a finction of the sorts of students who are in
their classrooms [p. 46-7] [my emphasis)

A failure to acknowledge this diversity in attempts at sim-
plification inevitably rules out consideration of emotional,
cultural and social issues, leaving a blandness which does
not resonate with life in real classrooms with real teachers
and real kids. Finally, there is diversity within mathematics
itself. Distinctions have been made between school and
academic mathematics, between relational and instrumen-
tal mathematics [5] It might be sensible to disaggregate
mathematics still further and in different ways in order to

map out a more complete picture of teacher beliefs; we
might, for example, usefully classify mathematics accord-
ing to different sign systems, different modes of expression
leading us to distinguish “textbook” mathematics, oral
mathematics, Logomathematics etc [6]

Innovation and beliefs

To undertake research which takes account of the diversity
amongst teachers, students and mathematics raises daunt-
ing methodological problems. One approach which con-
strains the situation in a way which highlights the issues to
be addressed has been to study the teachingflearning set-
ting in the context of an innovation. My meta-case study of
teachers in the process of “implementing” an innovation
throws up a variety of interesting issues concerning beliefs
and how they are revealed.

Perspectives on teachers and change

First, the review of research displays marked differences
amongst designers of innovation in terms of their views of
teachers: as obstacles to change or as partners in the
change process In fact this distinction resonates with the
debate in 1986 between Brophy [1986a,b] and Confrey
{1986][7] concerning the ways in which teachers are posi-
tioned within the enterprise of teaching: to “meet objec-
tives” or “to construct meanings”. One perspective sees
teachers as potential “impediments” to curriculum innova-
tion who do not or cannot take on board all the objectives
of the reform. For example, Peterson [1991] states:

Ore problein is that teachers often see the “surface level”
features of the reforms being advocated, such as the changes
in instructional practices, without seeing the assumptions
and theoretical frames of the persons who have constructed
the hoped-for changes in instructional practices including
the researcher, the reformer, the textbook writer, or the
expert teacher [Peterson, 1991, p. 3]

Similarly, in relation to a discussion of didactic engineer-
ing, Artigue and Perrin-Glorian [1991] suggest that: *“the
teachers, faced with the products of didactic engineering,
will attempt, consciously or not, to reduce the distance
between what is proposed and their usual way of function-
ing” [p. 17] It is evident from these studies that a “treat-
ment” approach which fails to take account of the teacher
and the teachers’ work situation as mediators of any inno-
vation is not only doomed to failure but theoretically inad-
equate.

Olson [1985] proposes an alternative stance towards cur-
riculum change, viewing change as being brought about by
teachers as they reflect on and become more aware of their
own practices From this reflexive perspective, teachers’
behaviour is viewed as fundamentally sensible, involving
the constant resolution of multiple interacting dilemmas
and demands as part of their professional life, He rejects
viewing teachers as being controlled either by the plans of
the system or the constraints of the classroom.

Innovation not only reveals differences amongst the
designers of the innovation in terms of their views of
teachers but also, because it inevitably perturbs the dynam-
ics of a classroom, makes more apparent the mathematical
beliefs and understandings of teachers and students. We
have studied this phenomenon in the context of introduc-

37



ing computers into mathematics classrooms [8]. Even if
computers were simply “just another innovation” they
would adequately serve my purpose as a means to access
teacher beliefs However I claim more, and argue that
computers can clarify and amplify the opetation and influ-
ence of the social norms of the classroom and the belief
systems within it. Seeing how computers are incorporated
into practice throws all the issues surrounding beliefs into
particularly sharp relief.

We have long maintained that introducing computers
into the teaching/learning process in mathematics, whilst
changing the setting, also provides a window [9], a magni-
fying glass even, on the interaction processes, the mathe-
matical conceptions of the students and the effects of
teacher intervention. This exaggerating effect is apparent
within kinds of scenarios beyond the scope of this paper;
for example, class and gender differentiation within hierar-
chies of “competence”. Others have noticed the same ten-
dency: “Computers can make the things we already do
badly in schools even worse, just as they can make many
things we already do well infinitely better” [Smith, 1986,
p. 206]. As far as teacher beliefs are concerned, I contend
it is no coincidence that the first papers I found in the PME
proceedings which faced up to the influence of teachers’
beliefs, arose in settings where technology was being intro-
duced [IBH du Boulay, 1979; Hutton, 1979] I will elabo-
rate on this claim in the next sections.

The computer as a window on learning and a mirror on
intervention strategies

I first became aware of the power of the metaphor “com-
puter as a magnifying glass™ whilst reflecting on data from
the Logo Maths Project [Hoyles and Suthetland, 1989] In
this project, we set out to investigate the ways Logo could
be used as an aid to students’ thinking and learning in
mathematics at the secondary age level. Our study pointed
to the collaborative efforts of the students in pursuit of long
term projects negotiated together We talked of the effects
on attitude to and motivation towards learning mathematics
and the shift towards student decision-making. However,
unanticipated issues of dominance, particularly in relation
to boys and gitls, could not be ignored and we became
increasingly aware of the influence of the medium on math-
ematical expression and the fragmented and situated nature
of students’ mathematical understandings.

More 1elevant here is that although we set out to inter-
vene “lightly™, that is in the context of the students’ own
work — to suggest ideas to explore or to point to “interest-
ing” mathematical extensions — on analysis of the tran-
scripts we were surptised by the significant structuring role
our “subtle” interventions had on student progress and the
direction of their woik. In the areas we had emphasised,
the students made consistent and excellent progress, whilst
in others, development was haphazard In retrospect, the
theories of Vygotsky provide a coherent framework for
interpreting these findings within the realm of psychology
Initially we had taken a Plagetian approach, expecting that
students would construct mathematical knowledge through
interaction within our microworlds. We hypothesised that
they would build their ideas through interaction and reflec-
tion on the results of their actions — a reflective process
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facilitated by the feedback provided by the computer.
However, we came to appreciate how mathematical
knowledge emerged through social interaction — with the
teacher and other students offering “scaffolding” within
the zone of proximal development {Vygotsky, 1978][10].

This interpretation allows us to map out a child’s
dynamic developmental state and his/her future intellectnal
growth, It also brings pedagogic intervention to centre
stage — as a mediator between the child and hisfher expe-
rience. Inevitably, the nature and intentions of this inter-
vention, either in general or in particular (to take Clandinin
and Connelly’s distinction) become legitimate objects of
study.

Returning to the Logo Maths project, it is interesting for
me now to reflect on our role as participant observers. We
were the teachers, organising and guiding the work, so,
given the previous analysis, it is interesting to speculate
how far our findings were contingent on our beliefs about
mathematics and mathematics learning. In fact, the
metapheor of the computer not only as a window but also as
a mirror on beliefs is compelling here. Our interventions
and the students’ responses bear witness to our commit-
ment to giving students autonomy over their learning and
knowledge-building processes — as such we were con-
structivist, though without the label! But we were not lais-
sez-faire and very evidently had a strong mathematical
agenda which, as the research unfolded, became increas-
ingly articulated as we watched the effects of ow sugges-
tions in the mirror of the computer screen

We have argued that group work can play an important
intermediary role in the transition from closely-supported
wotk with the computer (as in the Logo Maths Project) to
the “real” world of classrooms. We have pointed to “the
pivotal importance of small-group work in serving as a
bridge between pupil’s own meanings and mathematical
meaning” [Hoyles and Noss, 1992, p. 54]. However, in
mathematics education, there is much rhetoric (at least in
the US and UK) that group work is “good” but rather little
analysis of the conditions which optimise the potential of
group work in mathematics, or indeed little elaboration of
appropriate methodologies to research such a question,
Again, in retrospect, I see our research on group work with
computers as highlighting some crucial aspects of learning
mathematics in groups. The major conclusion of our study
[Hoyles, Healy, and Pozzi, 1991] was that the social norms
and expectations of the student group could not be ignored
in any analysis of group interactions: a necessary condition
for the success of any group setting was that students were
sufficiently mature to manage themselves and their
resources and were unimpeded by interpersonal antago-
nism. Computer-use highlighted the tension between group
outcome (in this case a computer product) and learning,
brought to the surface interpersonal conflicts, emphasised
the need to negotiate and share, and drew attention to the
absence of connection between students’ constructive activ-
ity on the computer and their expression orally or on paper

It might be odd to suggest that a study like this one,
where we did not intervene, could have anything to say
about the teacher’s role and teacher’s beliefs. But in a sim-
ilar way to that described in the context of the Logo Maths



Project, our beliefs were in fact all too apparent — not
least in our choice of computer software: the importance of
“bumping up” against different perspectives and solution
strategies to develop mathematical knowledge together
with an understanding of its limitations; the view that
learning is not sequential but a function of many encoun-
ters; a concem for student decision-making and the provi-
sion of opportunities for them to resolve their own dilem-
mas. What was clear to us, though, during the research was
how often we longed to intervene as we observed the
group interactions — but if we resisted this temptation the
children could frequently sort things out for themselves
together given time [12]. Once again the presence of the
computer with which the children could construct, negoti-
ate, debug and validate their mathematical ideas set us free
to reflect upon our beliefs as they were acted out in the
small group situation. But what about beliefs-in-practice in
the “real” world of classroom life? To consider this, I first
need to give a brief overview of computer use in schools.
The computer as a window on teacher beliefs and a
mirror on innovation

It is clear from a review of the available literature (mainly
in the U S. and the U K ), that the impact of computers on
school life does not match the early claims of the “comput-
er enthusiasts” As Becker put it: “There were “dreams”
about computer-using students . .dreams of voice-commu-
nicating, intelligent human tutors, dreams of realistic sci-
entific simulations, dreams of young adolescent problem
solvers adept at general-purpose programming languages
— but alongside these dreams was the truth that computers
played a minimal role in real schools” [Becker, 1982, p.6].
In the same vein, Becker later argued: “As we enter the
1990’s, it is important to understand how much of that
early limited reality still remains and to understand how
much of the idea of transforming teaching and learning
through computers remains plausible We need to be aware
of the “old habits” and “conventional beliefs” that are
common among practising educators and the “institutional
constraints™ that impede even the best of intentions to
improve schooling thiough technology” [Becker, 1991,
p.61. Once again we have the juxtaposition of beliefs and
classroom cultures.

Thus the “average” picture painted is one of stability of
attitude to computers with possible incremental rather than
major change. Absent from such a review are the, admit-
tedly rare, imaginative usages which have been researched
by Sheingold and Hadley [1990] They reported that
amongst “accomplished teachers” — those reputed to be
especially adept at incorporating the computer into their
classroom practice — the majority had been teaching for
over 13 years, worked in schools generously endowed with
hardware and had easy access to technical and educational
assistance Given these conditions, teachers reported that
using computers had radically changed their conceptions
and methods in ways that could be interpreted as “con-
structivist” — becoming more student-centred in terms of
expectations and direction of learning Prerequisites to
reaching such a position were identified as resources, time
and perseverance — factors necessary to survive the phase
of “disruption” in the face of an innovation and maintain a

willingness to reflect upon the new classroom dynamic.

We came to rather similar conclusions after the
Microworlds project [Sutherland, Hoyles and Noxx, 1991]
where we had set up a course of in-service education for
“expert” secondary mathematics teachers. In addition to
the time and support required to integrate computers into
practice, we also stressed the need for the teachers to expe-
rience the power of the medium for expressing their own
mathematical ideas. It is important to underline here that
we recognised from the outset that any study involving
innovation with mathematics teachers, must of necessity
look at teachers’ beliefs as well as their practices — we
aimed to map the interrelationships between beliefs and
practices. We were interested in how in the interactions of
the teachers with the computer activities on our course,
and the ways they incorporated them into their practice,
provided a window onto their views and beliefs about
mathematics teaching — but in a dynamic way, whereby
beliefs and course activities were both in the process of
change.

I thus extend the idea of the computer as a window and a
mitror to this new setting — a window on our teachers’
beliefs and a mirror on ouwr own, We set out with a strong
commitment to conduct a course focused on mathematics
education and not on technology but it was not until the
project was under way that what we meant by mathematics
education became clearer to us and to our students — par-
ticularly with respect to the importance we accorded to
group work, social interaction, problem solving and “learn-
er control”.

There is still a gap between these general considerations
and their practical realisation. We collected interview,
observational and descriptive data throughout the course
(30 days spread over one year) and wrote case studies of
each teacher-participant. Analysis of these revealed a phe-
nomenon of projection — the tendency for teachers to
attribute their own feelings to their students Once noticed
this serves as a very useful and transparent window on
beliefs! The next stage of analysis revealed our notions of
teachers and teaching in a rather clearer and more precise
way. We constructed caricatures of the course participants
to provide a synthesis of views, attitudes and practices of a
cluster of case studies. The caricatures attempted to draw
attention to teacher charactetistics and behaviours which
we deemed crucial by exaggeration of some facets and
omission of others [13]. Thus they reflected our ideas
about categories by which to gauge mathematics teaching
and teachers — they mirrored our beliefs as well as reflect-
ing teacher beliefs in so far as they resonated with any
individual viewpoint.

The five caricatures which emetged from our study were:
Mary, the frustrated idealist; Rowena, the confident investi-
gator; Denis, the controlling pragmatist; Fiona, the anxious
traditionalist and Bob, the curriculum deliverer [Noss,
Sutherland and Hoyles, 1991; Noss and Hoyles, 1992]
Each illustrated very different ways of integrating comput-
ers into their practice and different foci upon which they
reflected during this process. What is very evident is that
any curriculum change is complex and subtle. If it is to be
anything more than a “technical fix”, it must interact with
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the very essence of teaching and learning mathematics.
Thus, as Polin [1991] suggested: “we need to instill a dif-
ferent vision of teacher development in our impatient poli-
cy-makers and in our harried teachers, a vision that
acknowledges the many years of practice it takes to acquire
and integrate a new way of teaching” {Polin, 1991, p.7}.
Change must occur from within and cannot be imposed
from above — a constructivist message about learning
“transposed” to a new arena! I suggest that we might
approach innovation from a different perspective: not try-
ing to change beliefs in order to have the “right” effect but
rather as a means to throw light on beliefs, beliefs-in-prac-
tice, and on the innovation itself. But I go further, and
problematise the distinction between beliefs and beliefs-in-
practice and posit that all beliefs are situated. This frame-
work not only influences our approach to innovation but
presents a new way to interpret the inconsistencies in
research findings on teacher beliefs tevigwed earlier.

Situated beliefs
The caricatures described in the previous section were
derived from rich and diverse date collected over a period
of a year, Each caricature had a personality, beliefs about
teaching and mathematics teaching, and consistent, well-
established classroom practices with which we (and teach-
ers} could identify. Each caricature held a myriad of
beliefs, each constructed within the practice in which they
were realised (in this case the classroom, the computer
activities, the interviews) This leads me to move from
notions of “decontextualised” beliefs which are contrasted
with beliefs-in-practice to propose that all beliefs are situ-
ated — dialectical constructions, products of activity, con-
text and culture. By analogy with situated cognition and
sitnated knowledge [see, for example, Seely Brown et al,
1989], the notion of situated beliefs challenges the separa-
tion of what is believed from how beliefs emerge: “situa-
tions might be said to co-produce beliefs through activi-
ties” {Seecly Brown et al, 1989, p 32, replacing “knowl-
edge” in the original text with “beliefs”) Once the embed-
ded nature of beliefs is recognised, it is self-evident that
any individual can hold multiple (even contradictory)
beliefs and “mismatch”, “transfer” and “inconsistency™ are
irrelevant considerations and replaced by notions of con-
straint and scaffolding within settings

To develop further this notion of situated beliefs, I revis-
ited some research I carried out in the early 1980’s, the
Mathematics Teaching Project [Hoyles ef al, 1984]. We
had set out to identify the characteristics of “good prac-
tice” in secondary school mathematics classrooms and
tried to capture the reality of a good mathematics teacher
from the point of view of the teacher (through repertory
grids and interviews), the students (by questionnaire and
interviews) and a classroom observer. Returning to this
project now, I am struck by how ambitious we were! Addi-
tionally, it seems to me in retrospect, that our design sug-
gested (albeit implicitly) that teacher beliefs were some-
thing which could be accessed outside the classroom and
then observed as applied to the classroom. We found it dif-
ficult to make links between the teacherfstudent/classroom
perspectives or to identify the interplay of beliefs and prac-
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tice. This could, of course, be because of our inadequacies,
or the inadequacies of the date-gathering techniques and
conceptual tools available at the time I feel now though
that we were chasing a mirage: given the research
paradigm in which we were working, we simply had not
appreciated how beliefs of teachers and students were con-
structed differently in different settings

Let me take a specific example to illustrate this point. In
Hovles et al [1985], we reported a shapshot of a mathemat-
ics teacher, Ms X. At the beginning of the paper we
described some contextual featufes of the setting; for
example, the class comprised a high ability group of 15
year old girls from a comprehensive school What is note-
worthy from a perspective a decade later, is our failure to
see these features as major structuring influences on the
vignette, With the benefit of hindsight, the following ques-
tions come to mind: How far was Ms X’s mathematical
perspective cohstructed by the “high ability” of the group?
How far was her emphasis on effort related to her sex and
the sex of the students? Was her particular blend of exposi-
tionfinteraction partly a function of the age and specialism
of the students? I would of course now answer these ques-
tions in the affirmative!

On re-reading the classroom snapshot, I am also exer-
cised by the remarkable harmony between what the teacher
wished to “deliver™ and “what the students wanted” — an
example of beliefs constructed in practice. Such harmony
exemplifies @ good practice — a different blend of vari-
ables in the setting might produce alternative pictures of
success. The notion of situated beliefs allows us to cope
with this diversity. It does not mean however that we are
constrained to consider only individual differences at the
level of the teacher; rather we need to seek crucial vari-
ables and general patterns at the level of setting

Concluding remarks
At the beginning of this paper, I set out my agenda to map
out the next step forward from that proposed by Balacheff.
1 am now wondering whether my argument has not led me
in another direction. In their quest for scientific status, the
French didacticians have pushed us towards a more precise
analysis of the processes of interaction between teacher,
students and mathematical knowledge [14]. Yet, once
teachers are recognised as crucial influences on the learn-
ing of mathematics, their role as mediators of the teaching
process must also be considered — which inevitably leads
to a study of beliefs. By then noting the situatedness of
beliefs, I not only point to the enormity of trying to analyse
the complexities of the classroom, but also call into ques-
tion the possibility of “reducing” teaching to a science
Teaching is a human activity which involves the feelings
and beliefs of the participants (teachers and students), each
of whom has a personal and cultural history colouring their
actions. Teachers not only react to situations, they act upon
them and shape them — though I wonder as I make this
remark, given the discussion earlier, concerning cultural
differences, how far this interpretation is a reflection of my
own beliefs and my Englishness?

Woven throughout this presentation has been the issue
of methodology I have pointed to the multitude of



approaches adopted within my meta-case study of mathe-
matics teachers and to the diversity of 1esearch tools used
— many borrowed from psychology, sociology, etc.[15].
There is still a need for studies to be more clearly ground-
ed within some framework; be it theoretical, practical or
conceptual (a point also made by Eisenhart [1991}). As the
importance of teaching the teacher has been recognised
within the psychology of mathematics education and the
complexities of the research setting acknowledged, case
study has become the dominant methedology. This would
seem to be entirely appropriate yet there is a danger com-
mon to all “fashions” in that, once an approach becomes
fashionable, it tends to be adopted as a “default” without
due attention paid to the issues addressed. Thus a case
study can all too easily degenerate into a mere description
of a specific setting, providing little in terms of critical
insight or theoretical illumination.

There is still some way to go to clarify the criteria for a
“good” case study. How do we judge case studies? Do we
have the criteria available to falsify any interpretations?
When we wiite up case studies, is it possible to develop
different stories (even unpalatable ones!) from the same
date? Perhaps, having largely rejected experimental wotk
and quantitative methods, we can now review them from a
new perspective in order to provide complementary or
contradictory insights?

At the very least we might agree that a case study should
have something noteworthy to say to the research commu-
nity. It must seek to throw light on the general, through the
particular — whilst keeping intact the complexity of the
setting. A case study is descriptive and concrete, yet as
Papert [1992] has argued:

Something can be concrete in its form but general enough to
be used as a reference marker in other situations ..personal
enough to be real and yet show clearly that the main events
did not just happen or depend on idiosyncratic conditions.
[In Hoyles, C. and Noss, R, 1992, pp.xvi]

As I reflect on my own meta-case study, two further sug-
gestions come to mind which in my view would improve
the quality of research within this paradigm: more develop-
ment in case study work with explicit attention paid to dis-
cussion of issues and to the interpretation of similarities
and differences in findings; more attention paid to mathe-
matics itself and its influence on the teaching/learning situ-
ation There is a need to resist the temptation to simplity a
case study by treating mathematics merely as a “place-
holder” — something which happens to be the knowledge
domain of the teaching/learning situation which is neither
analysed nor problematised. Even if interesting issues are
addressed in case studies, it is also very apparent that case
studies are hard to write and harder still to read — their
very richness mitigates against their communicability
Data has to be summarised and presented in such a way so
as to highlight the central ideas. Different approaches have
been devised: critical incidents, evocative episodes,
vignettes, gambits [16} and caricatures, to name but a few.
It would seem useful if these techniques were further
refined and developed to incorporate, for example, cross-
cultural or across-age 1ange comparisons In summary, we
need more attention to what we want to say and how we

can say it! Perhaps additionally, we need more humility,
recognising the limitations of our work and acknowledging
the tensions within it? I suggest that these tensions reflect
those in schools: between acquisition and construction;
collaboration and schooling; the aspirations of mathemati-
cal experts and the constraining factors of the classroom
[17].

In this paper, I have presented a mela-case study of
research into mathematics teaching and mathematics
teachers. [ have traced the evolution of research on teacher
beliefs and their interaction with mathematics learning
which has shown evidence of inconsistencies between
beliefs and beliefs-in-practice. I argued that this mismatch
was thrown into relief when teachers were faced with an
innovation, particularly when the innovation involved
computers — a point brought home by the adoption of the
metaphor of the computer as a window and a mirror on
beliefs. The contention that teachers reconstruct their
beliefs whilst interacting with an innovation led me to pro-
pose the notion of situated beliefs — that all beliefs are, to
a certain extent, constructed in settings. Finally, I have
addressed the issue of methodology and the need for a
more explicit orientation towards general themes and sub-
stantial ideas, for more coherence, development and atten-
tion paid to the central influence of mathematics. Having
set out some general criteria for evaluating case study
research, I now wonder if my meta-case study stands up to
the test I set out to address some pervasive issues, to come
up with interesting new conjectures and to compare, con-
trast and build upon prior research. How far [ have
achieved my goal can only be judged by the reader.
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Notes

[1] This paper is a modified version of a plenary address to the six-
teenth Annual Conference of the International Group for the Psy-
chology of Mathematics Education (PME16), New Hampshire,

1992,

[2] PME is the International Group for the Psychology of Mathematics
Education

[3] I would welcome similar debates in mathematics education jour-
nals

[4] Since this teacher, unlike the former one, had not been a member of
the research team,

[5] Thompson [1992] returned to Skemp's [1978] distinction, noticing
that he had suggested that these were effectively two different sub-
jects being taught under the same banner of mathematics.

[6] This suggestion presupposes that representation is an essential part
of a mathematical concept following Vergnaud [1982], Carraher,
Schiicmann and Carraher [1988]. Extending these notions from our
experiences with Logo, we have coined the term “situated abstrac-
tion”, a mathematical generalisation atticulated in the language of a
particuar setting [see Hoyles and Noss, 1992, and Hoyles, in press]

[7] The debate is presented in greater detail in Noss & Hoyles [1992, in
press].

[8] This work has been conducted at the Institute of Education Univer-
sity of London.

[9] This idea was first introduced by Weir [1986]
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[10] “Seaffolding” is a metaphor first coined by Wood et al [1976] to
describe support provided by teacher or parent to a child which is
“Just enough” for their progression in an activity. I develop this
notion in the context of mathematical education in Hoyles [1991]

[11] We do not use “instructional™ software or courscware to deliver
pre-specified curriculum objectives which shifts decision-making
power away from teachers and students We reject the position of
“the neutrality of the tool” and the idea that computers merely
implement the curriculum [for further discussion of microworlds
and different visions of computer use, see Bullin. 1991, and Hoyles,
in press].

[12] We are certain, though, that interventions of the following three
types could have assisted progress or at least rendered it more effi-
cient: conegptual — to notice something, recall a point made earlier
by a child; practical/managerial — to overcome any disruptions duc
to dominance, and status hierarchies; syntactic — to assist with the
formal structures of the computer language

[13} The caricatures consisted of attitudes and behaviours within a set of
dimensions which coalesced as the date analysis proceeded, and
which when put together created a recognisable “person”.

[14] The influence of this research in the U K is evident althotgh in our
research group, at least, we were always very clear that any
microworlds we “produced” were not “scripts™, not innovations to
be “implemented” — we expected, and found . their take-up to be
very different in different classrooms.

[15} To list just a few theorics: Vygotsky; metacognition; construc-
tivism; humanism; personal construct theory; attitude theory; psy-
choanalytic theory; socialfcultural perspectives; using a bewildering
array of tools such as: repertory grids; observational techniques;
gambits; analysis of metaphors, videotapes of tcaching scenarios.
student errors, narmratives; attitude scales; belief scales.

[16] Thesc methods have been adopted in many of the researches cited
in this text with the exception of gambits. which are discussed by
Mason and Davis [1987] and Pimm [1987].

{17] As I write this, I note a further tension: the move to situatedness and
a holistic, constructivist approach in research, and a parallei devel-
opment (at least in the U X ) towards curriculum and asscssment
mechanisms based on mastery, fragmentation and the scparation of
outcomes from experiences
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