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Affective issues play a central role in mathematics learning and
instruction. When teachers talk about their mathematics classes,
they seem just as likely to mention their students’ enthusiasm
or hostility toward mathematics as to report their cognitive
achievements. Similarly, inquiries of students are just as likely
to produce affective as cognitive responses; comments about
liking (or hating) mathematics are as common as reports of in-
structional activities. These informal observations support the
view that affect plays a significant role in mathematics learning
and instruction. Although affect is a central concern of students
and teachers, research on affect in mathematics education con-
tinues to reside on the periphery of the field. If research on
learning and instruction is to maximize its impact on students
and teachers, affective {ssues need 1o occupy a more central po-
sition in the minds of researchers. One theme of this chapter
is that all research in mathematics education can be strength-
ened if researchers will integrate affective issues into studies
of cognition and instruction.

Current efforts to reform the mathematics curriculum place
special importance on the role of affect. The National Coun-
cil of Teachers of Mathematics has reaffirmed the centrality
of affective issues in its recent publication of the standards
for curriculum and evaluation (Commission on Standards for
School Mathematics, 1989). Two of the major goals stated in
this documenrt deal with helping students understand the value
of mathematics and with developing student confidence. In
its Standard on mathematical disposition, the assessment of
student confidence, interest, perseverance, and curiosity are
all recommended. Similarly, the National Research Council's

(1989) report on the future of mathematics education (Fv-
erybody Counts) puts considerable emphasis on the need to
change the public’s beliefs and attitudes about mathematics. In
the United States, there is a tendency to believe thar learning
mathematics is a question more of ability than effort. Adults
are willing to accept poor performance in school machemat-
ics, but they are not so willing to accept poor performance in
other subjects. Both adults and children often proclaim their
ignorance of mathematics without embarrassment, treating this
lack of accomplishment in mathematics as a permanent state
over which they have little control. The improvement of mathe-
matics education will requiré changes in the affective responses
of both children and adults.

As these reports show, the U. 8. reform movement in mathe-
matics education clearly takes affective factors as an important
area where substantial change is needed. This emphasis on af-
fective issues is related to the importance that the reform move-
ment attaches to higher-order thinking. If students are going to
be active learners of mathematics who willingly attack nonrou-
tine problems, their affective responses to mathematics are go-
ing to be much more intense than if they are merely expected
to achieve satisfactory levels of performance in low-level com-
putational skills.

A variety of large-scale studies provide a substantial amount
of data that indicate there is good reason to be concerned about
affective factors. The Second International Mathematics Study
(Robitaille & Garden, 1989) indicates that there are large dif-
ferences between countries on measures of mathematical be-
liefs and attitudes, just as there are large differences in achie-
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vement. Various national assessments have also included data
on affective issues. Dossey, Mullis, Lindquist, and Chambers
(1988) report that students in the United States become less
positive about mathematics as they proceed through school;
both confidence about and enjoyment of mathematics appear
10 decline as students move from elementary through sec-
ondary school. Students in other countries (Foxman, Martini,
& Mitchell, 1982; Mclean, 1982) also show little enthusiasm for
mathematics as they progress through school.

Although efforts to evaluate mathematics programs and to
promote the reform and improvement of mathematics educa-
tion pay considerable attention to the affective domain, these
efforts usually take a very practical approach, using question-
naires to gather common-sense data on beliefs and atitudes
toward mathematics. This kind of evaluation vsually does not
attempt to present 2 theoretical framework for the assessment
of affect, nor does it include data from small-scale, qualitative
studies that could provide a more detailed picture of students’
affective responses to mathematics. The improvement of theory
and the use of a variery of research methods are two additional
themes that will recur throughout this chapter.

The chapter begins by considering alternative thearetical
foundations for research on affect. Mandler's (1984) theory, an
approach to research on affect that is based on cognitive psy-
chology, is selected for further discussion, particularly because
it illustrates how affect can be incorporated into cognitive stud-
ies of mathematics learning and teaching. The chapter then
presents a framework for research on affect that reorganizes
the literature into three major areas: beliefs, attitudes, and emo-
tions. Next, research on a number of topics from the affective
domain is summarized, and linked to the proposed framework.
Finally, the chapter explores how qualitative as well as quanti-
tative research methods can be used in research on affect, and
discusses the implications of the chapter for future research.

TERMINOLOGY AND GENERAL BACKGROUND

For the purposes of this discussion the affective domain
refers to a wide range of beliefs, feelings, and moods that are
generally regarded as going beyond the domain of cognition.
H. A. Simon (1982}, in discussing the terminology used to de-
scribe the affective domain, suggests that we use affect as a
more general term; other terms (for example, beliefs, attitudes,
and emotions) will be used in this chapter as more specific de-
scriptors of subsets of the affective domain. In the context of
mathematics education, feelings and moods like anxiety, con-
fidence, frustration, and satisfaction are all used to describe
responses to mathematical tasks. Frequently these feelings are
discussed in the literature as attitudes, although that term does
not seem adequate o0 describe some of the more intense emo-
tional reactions that occur in mathematics classrooms. For ex-
ample, the “Aha!” experience in mathematical problem solving
is usually recognized as a joyful event, generally of limited du-
ration; such an event does not fit with the definitions of attitude
used by most researchers.

As Hart (1989b) and H. A. Simon (1982) indicate, describing
the affective domain is no easy task. Terms sometimes have dif-

ferent meanings in psychotogy than they do in mathematics ed-
ucation, and even within a given field, studies that use the same
terminology are often not studying the same phenomenon.
For example, Hart {1989b) notes that anxiety is sometimes de-
scribed as fear, one of the more intense emotions, and in other
studies as dislike or worry. Clarification of terminology for the
affective domain remains a major task for researchers in both
psychology and mathematics education.

Moreover, affect is generally more difficult 1o describe and
measure than cognition. H. A. Simen (1982) notes that there
may be different kinds of sadness or fear, distinctions and gra-
dations that our ordinary language is ill-equipped 1o make in
a dependable way. As Simon suggests, working on cognition -
seems relatively simple compared to the difficulties of dealing
clearly with affect. As an example of these difficulties, one might
consider the work on building taxonomies of educational ob-
jectives that took place over 30 years ago. The work on the
cognitive domain (Bloom, Englehart, Furst, Hill, & Krathwohl,
1956) has had a major impact on curriculum and evaluation.
The raxoncmy for the affective domain (Krathwohl, Bloom, &
Masia, 1964) has not had such an impact, and even its authors
acknowledged that they found the task to be exceedingly dif-
ficult. There are, as Tittle and her colleagues point out (Tittle,
Hecht, & Moore, 1989), a number of reasons for the differ-
ence in impact of these rwo documents, but surely one of the
reasons for the differences is the complexity and difficulty of
dealing adequately with the affective domain.

There have been many reviews of the literature related to
affective factors and mathematics education, including those by
Aiken (1970, 1976), Kulm (1980), Reyes (1980, 1984}, and Leder
(1987). These reviews have generally focused on attitudes to-
ward mathematics as their major concern, rather than trying to
describe and analyze all components of the affective domain.
Also, they have in general worked from within the traditional
paradigm of educational research, with its emphasis on quanti-
tative methods, paper-and-pencil tests, and the positivistic per-
spective of behaviorist or differential psychology. This discus-
sion will attempt to broaden the view of both the theories and
the methods that might be useful in the study of affective factors
in mathematics education.

PSYCHOLOGICAL THEORIES AND AFFECT

Changes in psychological theories have had a major impact
on how affect is treated in mathematics education research, Fre-
quently researchers have treated affect as an avoidable compli-
cation of modest significance; students have been viewed in
rather mechanistic terms. The researcher's model of the sw-
dent has a major impact on how the research is conducted,
particularly in terms of the affective domain. If we believe that
the learner is someone who only receives knowledge rather
than someone who is actively involved in constructing knowl-
edge, our research program could be entirely different in terms
of both the affective and the cognitive domain.

The influence of behaviorism on educational psychology in
this century has been an important factor in the neglect of the
affective domain. Skinner (1953), for example, described the
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emotions as examples of imaginary constructs that were com-
monly used as causes of behavior. As Mandler (1984, 1985) in-
dicates, the behaviorists have generally been unwilling to look
closely at the underlying processes that are related to affective
responses, particularly if data on those processes are gathered
through introspection or verbal reports (Ericsson & Simon,
1980). As a result, behaviorism has much to say about stim-
ulus-and response in learning, but it has litle interest in the
influence of affective factors on [earners.

In more recent times, experts in cognitive science and ar-
tificial intelligence have tiken a serious interest in the study
of mathematics learning (Schoenfeld, 1987a). However, these
researchers have also tended 10 exclude affective factors from
their considerations. As Norman (1981) has pointed out, the
researcher’s task would be much simpler if the emotions were
superflucus; the desire to avoid complexity has been a major
reason for the lack of atention to affective issues in cogni-
tive science (Gardner, 1983). However, Norman's (1981) rec-
ommendation that cognitive science needed to focus on more
than just “pure” cognition has had an impact, and current re-
search on cognitive issues pays increased attention to affective
and cultural factors.

In contrast to the behaviorists and some advocates of cog-
nitive science, researchers in differential psychology and social
psychology have given substantial attention to the notion of
affective issues, especially to the study of attitudes. This work
is characterized by its emphasis on definitions of terms, its
preoccupation with measurement issues, and its reliance on
questionnaires and quantitative methods. This appreach can be
characterized as the traditional paradigm for research on affect.
Books by Ajzen and Fishbein (1980) and Rajecki (1982} pro-
vide extensive summaries of this work in general psychology.
Research on the application of these ideas to mathematics edu-
cation has been reviewed by Aiken (1970, 1976), Kulm (1980),
Reyes (1984), and Leder (1987), among cthers, There has been
considerable dissatisfaction with this traditional paradigm, both
in psychology (Abelson, 1976; Berscheid, 1982; Mandler, 1972,
1989) and in mathematics education (Kulm, 1980; McLeod,
1985, 1988), particularly because of the lack of a strong theo-
retical foundation for the work. Nevertheless, most of what we
know about affective factors in mathematics education comes
from work within this traditional paradigm (Meyer & Fennema,
1988; Reyes, 1984). Fennema (1989) provides a spirited de-
fense of the methods and contributions of this quantitative ap-
proach, noting that the traditional paradigm of differential psy-
chology, rigorously applied, has produced a substantial amount
of knowledge about affect and mathematics education, More-
over, this knowledge has been particularly useful in attack-
ing problems of gender-related differences in participation in
mathematics (Fennema, 1989; Fennema & Leder, 1990).

Although traditional quantitative approaches provide sub-
stantial information on some issues, there are many other areas
(for example, emotional responses to mathematical problem
solving) that are not susceptible to this approach. There are also
a number of topics (for example, anxiety) where the research
is confusing and contradictory. As a result, it seems useful to try
to develop a new paradigm for research on affect that would be
more comprehensive and more closely integrated with current

research on cognition. There are always dangers in following
a fad, and the new emphasis on cognitive theories in psychol-
ogy does show signs of narrow-mindedness and an easy enthu-
siasm for new terminology rather than critical thinking, And
as Messick (1987) suggests, the “hypercognitization” of affect
by cognitive psychologists could result in the omission of im-
portant issues that should be central to our research agenda,
rather than leading to progress in the field. In particular, there
is no need to forget what has been learned in the past as we
examine new approaches to old problems. Nevertheless, new
approaches can lead to new progress in research, and new
paradigms can lead to helpful reconceptualizations.

An alternative paradigm for research on affect has grown
out of the work of developmental psychology and the rising
influence of cognitive psychology in the recent past. This new
paradigm for research on affect in mathematics learning can be
characterized by its emphasis on theoretical issues, its interest
in qualitative methods, its use of interviews and think-aloud
protocols, and its attention to beliefs and emotions as well as
attitudes. For examples of this kind of work in psychology, see
Mandler (1984}, Kagan (1978), and Ortony, Clore, and Collins
{1988). Snow and Farr (1987) and Case, Hayward, Lewis, and
Hurst (1988) present analyses of similar work with more direct
connections to education, and Bassarear (1989), Goldin (1988),
and McLeod and Adams (1989) present some applications and
extensions of these ideas in mathematics education. The elab-
oration of both the traditional and alternative paradigms as

" they apply to the affective domain will be a continuing theme

throughout this chapter.

COGNITIVE APPROACHES
TO RESEARCH ON AFFECT

The emergence of affect as an important part of cogni-
tive theories has been documented recently by Snow and Farr
(1987). The beginning of these atternpts to incorporate affective
factors into cognitive theories can be traced back at least to the
work of Schacter and Singer (1962) and H. A. Simon {1967);
however, the leading theorists in this area now include cogni-
tive psychologists like Lazarus (1982, 1984) and Mandler (1975,
1984). Overviews of the field (for example, Scherer & Ekman,
1984; Strongman, 1978) give substantial emphasis to the new
influence of cognitive psychologists on this area. Although there
are several cognitive theorists who are having a substantial im-
pact on the study of affective issues broadly defined (including
Beck & Emery, 1985; Bower, 1981; Meichenbaum, 1977; Ortony
et al,, 1988; Sheffler, 1977; L. R. Simon, 1986; Zajonc, 1984), the
one who has done the most to apply his ideas to problems in
mathematics education is Mandler (1989).

Mandler’s general theory is presented in some detail in his
1984 book, and he has recently described his view of how the
theory can be applied to the teaching and learning of mathe-
matical problem solving (Mandler, 1989). At the risk of oversim-
plification, only a brief summary of his theory will be presented
here. Most of what is presented appears to be compatible with
other theorists who come from a cognitive point of view (for
example, H. A Simon, 1982).
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Mandler’s view is that most affective factors arise out of the
emotional responses to the interruption of plans or planned
behavior. In Mandler's terms, plans arise from the activation
of a schema, The schema produces an action sequence, and
if the anticipated sequence of actions cannot be completed as
planned, the blockage or discrepancy is followed by a physio-
logical response. This physiological arousal is rypically felt as an
increase in heartbeat or in muscle tension, The arousal serves
as the mechanism for redirecting the individual’s attention, and
has obvious survival value which presumably may have played
some role in evolutionary development. At the same time the
arousal occurs, the individual attempts 1o evaluate the meaning
of this unexpected or otherwise troublesome blockage. The
evaluation of the interruption might classify it in one of several
ways: a pleasant surprise, an unpleasant irritation, or perhaps a
major catastrophe. The cognitive evaluation of the interruption
provides the meaning to the arousal.

There are several important paris to the analysis of the
meaning of the interruptions. First, the meaning comes out of
the cognitive interpretation of the arousal. This meaning will
be dependent on what the individual knows or assumes to be
true. In other words, the individual's knowledge and beliefs
play a significant role in the interpretation of the interruption.
The role of the culture that shapes these beliefs would seem
to be particularly important.

Second, the arousal that leads ro the emotion is generally of
limited duration. Normal individuals adjust to the unexpected
event, interpret it in the context in which it occurs, and try o
find some other way to carry out their plan and achieve their
goal. The emotion may be intense, but it is generally transitory
in normal individuals, at least initially.

Third, repeated interruptions in the same context normally
result in emotions that become less intense. The individual
will reduce the demand on cognitive processing by responding
more and more automatically, and with less and less intensity.
The responses in this situation become more stable and pre-
dictable and begin to resemble the kinds of attitudes that have
been the emphasis of past research on affect in mathematics
education.

To help clarify the situation, consider the affective responses
of a sixth-grade student to a typical story problem. Suppose that
the student believes that story problems should make sense
and should have a reasonable answer that can be obtained in
a minute or two. Suppose also that the student has had some

- success in other areas of mathematics. If the student is unable

10 obtain a satisfactory answer in a reasonable time, the failure
to solve the problem (an interruption of the plan) is likely 1o
lead to some arousal. The interpretation of this arousal is likely
to be negative and is often reported as frustration by students
who are able to verbalize their feelings. If the students are able
to overcome the blockage and find a solution to the problem,
they may report positive reactions to the experience. If negative
reactions to story problems occur repeatedly, the response to
story problems will evenmally becorne automatic and stable.
In this situation the student would have developed a negative
attitude toward story problems.

In summary, there appear to be at least three major facets of
the affective experience of mathematics students thar are wor-
thy of further study. First, students hold certain beliefs about

mathematics and about themselves that play an important role
in the development of their affective responses to mathema-
tical situations, Second, since interruptions and blockages are
an inevitable part of the learning of mathematics, students will
experience both positive and negative emotions as they learn
mathernatics; these emotions are likely to be more noticeable
when the tasks are novel. Third, students will develop posi-
tive or negative attitudes toward mathematics (or parts of the
mathematics curriculum) as they encounter the same or sim-
ilar mathematical situations repeatedly. These three aspects of
affective experience correspond to three areas of research in
mathematics education which we will now examine.

BELIEFS, ATTITUDES, AND
EMOTIONS IN MATHEMATICS
LEARNING: RECONCEPTUALIZING
THE AFFECTIVE DOMAIN

Snow and Farr (1987), in their discussion of affect and cog-
nition, point out that new research on affect must find ways
1o come to terms with the cognitive revolution in psychology.
In particular, any reconceptualization of the affective domain
should attempt 10 be compatible with cognitive-processing
models of the learner. In this context, the work of Mandler
(1984) should provide a useful general guide. The theoretical
analyses of Mandler (1984) and the practical analyses of mathe-
matics classrooms suggest that beliefs, atritudes, and emotions
should be important factors in research on the affective domain
in mathematics education. Table 23.1 provides a brief outline
of these major constructs.

Beliefs, attitudes, and emotions are used to describe a wide
range of affective responses to mathematics. These terms vary
in the stability of the affective responses that they represent;
beliefs and attitudes are generally stable, but emotions may
change rapidly They also vary in the 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 nonroutine problems. Beliefs, attitudes,
and emotions also differ in the degree to which cognition plays
a role in the response, and in the time that they take to develop.

TABLE 23-!. The Affective Domain in Mathematics Education

Category Examples
Beliefs
About mathematics Mathematics is based on rules
About self | am able to solve problems

About mathematics teaching
About the social context

Teaching is telling
Learning is competitive

Attitudes Disfike of geometric proof
Enjoyment of problem solving
Preference for discovery learning

Emotions Joy (or frustration) in solving

nonroutine problems
Aesthetic responses to mathematics
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For example, beliefs are largely cognitive in nature, and are
developed over a relatively long period of time. Emotions, on
the other hand, may involve little cognitive appraisal and may
appear and disappear rather quickly, as when the frustration of
trying to solve a hard problem is followed by the joy of finding a
solution. Therefore, we can think of beliefs, attitudes, and emo-
tions as representing increasing levels of affective involvement,
decreasing levels of cognitive involvernent, increasing levels of
intensity of response, and decreasing levels of response stabil-
ity. A review of some of the relevant literature provides support
for the importance of these three constructs.

Beliefs

Research on beliefs in mathematics education has become
an important thread linking a number of studies of both teach-
ers and students. Thompson’s (1984) work on teacher concep-
tions of mathematics and Schoenfeld's ( 1985) studies of the be-
lief systems of problem solvers are important examples, Data
have typically been gathered through observations of students
and teachers, as well as through questionnaires and interviews,
Researchers have generally not used a consistent framework;
instead, the data have been organized in rather different ways in

different studies, with each researcher trying to explain the in- -

fluence of beliefs in each particular context. People who come
from research on problem solving (for example, Schoenfeld,
1983; Silver, 1985) have tended to emphasize the role of stu-
dent beliefs about mathematics as a discipline. For example,
many students believe that problems can be solved quickly or
not at all, that only geniuses can be crearive in mathematics,
and that proof just confirms the obvious (Schoenfeld, 1985).
Other researchers, particularly those who investigate gender-
related differences (for example, Fennema & Peterson, 1985)
have emphasized students’ beliefs about themselves as learn-
ers. In this category we find beliefs about students’ ability to
do mathematics or about the importance of effort to success in
learning mathematics, -

Although each of these approaches has contributed to our
knowledge of how beliefs are important to mathematics learn-
ing and teaching, litle emphasis has been given to provid-
ing an overall structure for the study of beliefs in mathemar-
ics education. There are, however, some examples of broader
approaches to research on beliefs. Lester, Garofalo, and Kroll
(1989) describe beliefs in terms of the subjective knowledge
of students regarding mathematics, self, and problem-solving
activities. Underhill (1988) discusses beliefs in terms of sev-
eral dimensions, including whether mathematics is primarily
rule-oriented or concept-oriented, and whether mathematics is
learned by having knowledge transmitted to students or con-
structed by students. Fennema and Peterson (1985) suggest
connections between beliefs and autonomous learning behav-
ior, with the subsequent impact on higher-order thinking in
mathematics, particularly in terms of gender-related differences
in mathematics achievement.

There are a variety of ways to organize research on beliefs.
Rokeach (1968), for example, organizes beliefs along a dimen-
sion of centrality to the individual. Those beliefs that are most
central are those on which there is complete consensus; be-

liefs about which there is some disagreement would be less
central. Beliefs that are imposed on individuals by authority
figures would be still less central. One alternative for mathe-
matics education would be to develop a taxonomy of beliefs
like Rokeach provides for more general settings.

DAndrade (1981) suggests that beliefs develop gradually
through a process much like “guided discovery” where chil-
dren respond to the situarions in which they find themselves
by developing beliefs that are consistent with their experience,
Certainly cultural factors play an important role in this pro-
cess of developing beliefs. In mathematics education most re-
searchers seem 1o assume that the development of beliefs about
mathematics is heavily influenced by the cultural setting of the
classroom (Schoenfeld, 1989).

In this chapter beliefs related to mathematics education are
discussed in terms of the experiences of students and teach-
ers. Students' beliefs are categorized in terms of the object of
the belief: beliefs about mathematics, beliefs about self, be-
liefs about mathematics teaching, and beliefs about the con-
texts in which mathematics education occurs, The discussion
of these categories will also include comments on teachers’
beliefs about mathematics and instruction.

Beligfs about Mathematics. Research on swdents’ beliefs
about mathematics has received considerable attention over
recent years. The National Assessment of Ecucational Progress
has included items related to beliefs about mathematics for
some time. The most recent assessment (Brown et al,, 1988)
indicates that students believe that mathematics is important,
difficult, and based on rules. These beliefs about mathematics,
although not emotional in themselves, cerainly would tend to
generate more intense reactions to mathematical tasks than be-
liefs that mathematics is unimportant, easy, and based on logical
reasoning. Some researchers may not see any need to include
such beliefs as part of the affective domain, and it is true that
these beliefs are mainly cognitive in nature. However, the role
of beliefs is central in the development of attitudinal and emo-
tional responses to mathematics, and thus beliefs are included
in this description of the affective domain.

A variety of major evaluation studies have dealt with beliefs
about mathematics. Dossey et al. (1988) report that students in
the United Staies (grades 3, 7, and 11) believe that mathematics
is useful, but involves mainly memorizing and following rules.
McKnight etal,, (1987) found similar results in the US, data from
the Second International Mathematics Study (grades 8 and 12).

Research on beliefs has been highlighted by the results of
research on problem solving. As Schoenfeld (1985) and Sil-
ver (1985} have pointed out, students’ beliefs about mathemar-
fcs may weaken their ability to solve nonroutine problems. If
students believe that mathematical problems should always be
completed in five minutes or less, they may be unwilling to
persist in trying to solve problems that may take substantially
longer for most students, Nevertheless, this kind of belief has
been generated out of the typical classroom context in which
students encounter mathematics. There is nothing wrong with
the students’ mechanism for developing beliefs about mathe-
matics (D’Andrade, 1981, Schoenfeld, 1988); what needs to be
changed is the curriculum (and beyond that, the culture) that
encourages such beliefs.
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Another important area of research on beliefs comes mainty
out of the work on gender differences in mathematics educa-
tion, Most of the data has come from studies that used the
Fennema and Sherman (1976) scales, especially the scale on
the perceived usefulness of mathematics. Fennema (1989), in
summarizing this research, notes that males in general report
higher perceived usefulness than females, Other scales (for ex-
ample, mathematics as a male domain) also deal with beliefs
about mathematics. These kinds of beliefs are important both
for gender differences in mathematics achievement and for the
related differences between females and males in affective re-
sponses to mathematics (see Leder, Chapter 24 on gender, this
volume).

Students’ beliefs abour mathematics do change as students
grow older. Kouba and McDonald (1987) report that students
in the elementary school grades tend to think that mathematics
cannot be easy. In the view of these students, if it is easy, it is not
mathematics. As the children grow older, and as the material
that they have learned (e.g., counting) seems increasingly ele-
mentary, they change their beliefs about what mathematics is to
accommodate the notion that mathematics must be hard and
unfamiliar. These students also see mathematics primarily as
doing something, usually something algorithmic; the connec-
tions 1o the typical elementary school mathemaucs curnculum
are relatively direct.

Stodolsky (1985) describes how beliefs about marthematics
influence how students (and teachers) perform in elementary
school mathematics classrooms, especially as compared to so-
clal studies classrooms. In social studies, students are much
more likely to work in groups, to develop their research skills,
and, in general, to work on tasks that are compatible with
the development of higher-order thinking skills. In contrast,
in mathematics classrooms students spend a lot of time alone
doing “seatwork.” Other writers have noted how students view
mathematics as a skill-oriented subject, and how such lim-
ited views of the discipline lead to anxiety about mathematics
{Greenwood, 1984} and more generally interfere with higher-
order thinking in mathematics (Garofalo, 1989).

Most research {not including evaluation projects) on beliefs
ahout mathematics as a discipline have relied primarily on
classroom observations and interviews with students. Kloost-
erman and Stage (1989}, however, have developed a question-
naire to measure students’ beliefs about mathematics and about
themselves. Data gathered through this instrument (and others)
should provide a useful complement to data from qualitative
studies that use interviews and observations,

Beliefs about Self Research on self-concept, confidence, and
causal attributions related to mathematics tends to focus on be-
liefs about the self. These beliefs about self are closely related
10 notions of metacognition, self-regulation, and self-awareness
(Corno & Rohrkemper, 1985). Some aspects of beliefs about
self have been researched quite thoroughly, especially in the
area of research on gender differences. Other aspects are only
beginning to be investigated. For example, a substantial amount
of data has been gathered on differences between males and
females in levels of confidence in doing mathematics, but very
linle on how children develop a belief in themselves as au-
tonomous learners (Fennema & Peterson, 1985).

Major evaluvation swdies provide useful background data
on some beliefs about self. National assessment data from the
United States (Dossey et al,, 1988) asked children in grades 3,
7, and 11 if they were good at doing mathematics. The per-
centage of students who responded positively dropped from
65% in grade 3 to 53% in grade 11, providing ar least a rough
measure of whar happens to levels of confidence as students
progress through school.

Research on self-concept and confidence in learning mathe-
matics indicates that there are substantial differences between
males and females in these areas, Reyes (1984) and Meyer and
Fennema (1988) summarize the relevant literature. In general,
males tend t0 be more confident than females, even when fe-
males may have better reasons, based on their performance,
to feel confident. The interaction of confidence and mathemat-
ical performance, especially in the area of nonroutine prob-
lem solving, is an important research topic. It seems likely thar
success in problem solving will engender a belief in one’s ca-
pacity for doing mathematical problems, leading to an increase
in confidence, which correlates positively with achievement in
mathematics (Fennema, 1989).

The notion of confidence in oneself as a learner of mathe-
matics has also been investigated under the rubric of self-
concept (Shavelson & Bolus, 1982). Literature on the notion
of self-concept in relation o mathematics learning has been
reviewed by Reyes (1984). The most important implications
of research on self-concept will probably come from its con-
nections 10 metacognition, self-regulated learning, and intrin-
sic motivation to learn (Corno & Rohrkemper, 1985; Kilpatrick,
1985; Schoenfeld, 1987b). Such research becomes quite com-
plicated to sort out since the general notion of self-concept and
the more specific notion of mathematical self-concept appear
to be refated but distinct (Marsh, 1986; Reyes, 1984).

Another set of beliefs about self has been investigated quite
thoroughly in the context of causal anributions for success and
failure. Although there are several antecedents of this wark and
many different applications of the ideas, the central themes
are well explicated in a recent reformulation of the theory by
Weiner (1986). The three main dimensions of the theory deal
with the locus (internal or externat), the stability (for example,
ability versus effort), and the controliability of the causal agent.
For example, a student who fails to solve a mathematics prob-
lem could say that the problem was too hard—a cause that is
external, stable, and uncontrollable by the student. A student
who succeeds in solving a problem might attribute thar suc-
cess to effort—a cause that is internal, unstable, and control-
lable.

The nature of the attributions of female and male students
has been an important theme in recent research in mathematics
education, and the results of this research provide some of the
most consistent data in the literature on the affective domain.
For example, males are more likely than females to arnribute
their success in mathematics to ability, and females are more
likely than males to auribure their failures to lack of ability. In
addition, females tend to attribute their successes to extra effort
more than males do, and males tend to atribute their failures
to lack of effort more than females do. The differences in par-
ticipation in mathematics-related careers appear to reflect these
gender differences in atiributions (Fennema, 1989; Fennema &




Peterson, 1985; Meyer & Fennema, 1988, Reyes, 1984; Wolleat,
Pedro, Becker, & Fennema, 1980).

Larger issues that are related to beliefs about self include
much of the literature on motivational issues (Dweck, 1986),
Much of this research is not done in a mathematical context, al-
though there are some studies that relate the motivation and the
confidence of mathematics learners (e.g., Kloosterman, 1988),
The general literature, however, is full of overlapping concepts
like self-efficacy (Bandura, 1977), learned helplessness (Dweck,
1986), and motivation (Covington, 1983, and many other au-
thors). Later in the chapter the literature on each of these ar-
eas will be discussed in more detail.

Beliefs about Mathematics Taching. So far our discussion
has concentrated on students’ beliefs about mathematics and
about themseives. But there is a corresponding set of beliefs
that students and teachers hold about mathemarics teaching that
are also important to the study of affect in mathematics educa-
tion. There have been a number of important studies of teach-
ers’ beliefs about mathematics and mathematics teaching (for
example, Barr, 1988; Grouws & Cramer, 1989; Marcilo, 1987;
Peterson, Fennema, Carpenter, & Loef, 1989 Sowder, 1989;

Thompson, 1984), and current recommendations for a research
~ agenda on mathematics teaching suggest that more work be
done in this area (Cooney, Grouws, & Jones, 1988). There are
also more general studies of teachers’ beliefs (Wittrock, 1986),
including teachers’ beliefs about instruction (Eisenhart, Shrum,
Harding, & Cuthbert, 1988; Peterson & Barger, 1985), as well as.
- teachers’ attributions (Prawat, Byers, & Anderson, 1983); these
larter investigations are more directly related to affective factors
in classroom instruction. However, most of the research along
these lines does not deal specifically with mathematics teach-
ing, and we have little information on students’ beliefs about
mathematics instruction.

Beliefs about the Soctal Context. Recent research on mathe-
matics learning has given increased attention to the social con-
text of instruction (Cole & Griffin, 1987) and more generally to
-cultural issues in mathematics education (Bishop, 1988; Lave,
1988; Newman, Griffin, & Cole, 1989; Saxe, 1990). Students’ be-
liefs about the social context appear to be another area that is
closely related to affective concerns. For example, Cobb, Yackel,
and Wood (1989) found that explicit teaching of social norms in
aprimary classroom was directly related to the kinds of affective
reactions that the students expressed. Similarly, at the secondary
level, Grouws and Cramer (1989) found that the classrooms
of effective teachers of mathematical problem solving were
characterized by a supportive classroom environment where
social norms encouraged students to be enthusiastic and to
enfoy mathematical problem solving. From a broader perspec-
tive, the social context provided by the school and the home
can also have an effect on students’ beliefs. Parsons, Adler, and
Kaczala (1982), in their study of parental influences on stu-
dents' attitudes and beliefs, noted that the affective reactions
of students (particularly females) often reflect social norms as
€xpressed by the parents. Research in crosscultural settings
also points out the influence of the broader social context
(Stevenson, 1987; Stevenson, Lee, & Stigler, 1986; Stigler & Mao,
1985),
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In summary, research on beliefs and their influence on stu-
dents and teachers has been an important theme in investiga-
tions of learning and instruction in mathematics. Some of this
research is directly connected with affective issues (for exam-
ple, confidence), but much of it is not. Since beliefs provide
an important part of the context within which emotional re-
sponses to mathematics develop, we need to establish stronger
connections berween research on beliefs and research on emo-
tions in the context of mathematics classrooms. More generally,
research in mathematics education needs to develop a more
coherent framework for research on beliefs, their relationship
to attitudes and emotions, and their interaction with cognitive
factors in mathematics learning and instruction.

Attitudes

Research on attitudes towards mathematics has a relatively
long history. For recent reviews and analyses, see Haladyna,
Shaughnessy, and Shaughnessy (1983), Kulm (1980), Leder
(1987), and Reyes (1984). Many of these reviews use attitudes
as a general term that includes beliefs about mathematics and
about self. In chis paper attitude refers to affective responses
that involve positive or negative feelings of moderate intensity
and reasonable stability. Examples of attitudes toward mathe-
matics would include liking geometry, disliking story problems,
being curious about topology, and being bored by algebra. As
Leder (1987) and others have noted, attitudes toward mathe-
marics are not a unidimensional factor; there are many different
kinds of mathematics, as well as a variety of feelings about each
type of mathematics.

Antitudes toward mathematics appear to develop in two dif-
ferent ways. One was referred to earlier—artitudes may re-
sult from the automatizing of a repeated emotional reaction
to mathematics. For example, if a student has repeated nega-
tive experiences with geometric proofs, the emotional impact
will usually lessen in intensity over time. Eventally the emo-
tional reaction to geometric proof will become more automatic,
there will be less physiological arousal, and the response will
become z stable one that can probably be measured through
use of a questionnaire. A second source of attitudes is the as-
signment of an already existing attitude to a new but related
task. A student who has a negative attitude toward geometric
proof may atach that same attitude to proofs in algebra, To
phrase this process in cognitive terminology, the attitude from
one schema is attached to a second related schema, Abelson
(1976) and Marshall (1989) provide a more detailed discussion
of theoretical issues related to the formation of atitudes,

There have been a large number of studies of attitudes to-
ward mathematics over the years; the topic seems to be partic-
ularly popular among dissertation writers. The review articles
listed at the beginning of this section include more extensive
descriptions of these studies. Only a few selected examples of
relevant research will be mentioned in this section.

Most major evaluation studies provide data on attitudes to-
ward mathematics. National assessment data (Dossey et al,
1988) illustrate the major results: there is a positive correla-
tion between attitude and achievement at all three grade levels
assessed (grades 3, 7, and 11), but the percentage of students
who say they enjoy mathematics declines from 60% in grade 3
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o 50% in grade 11. Similar results appear in the Second In-
ternational Mathemarics Study (McKnight et al, 1987) and in
studies in other countries (Foxman et al., 1982; Leder, 1987,
McLean, 1982).

Research suggests that nejther attitude nor achievement is
dependent on the other; rather, they interact with each other in
complex and unpredictable ways, For example, data from the
Second International Mathematics Study indicate that japanese
students had a greater dislike for mathematics than students in
other countries, even though Japanese achievernent was very
high (McKnight et al, 1987). Recent studies exhibit a grow-
ing appreciation for the complexity of the affective domain;
the original aitempts to measure attitude toward mathematics
seem exceptionally primitive, given our current knowledge and
experience in the area (Leder, 1987).

Some studies have assessed attitude toward various subdo-
mains that are part of or related to mathematics. For exam-
ple, McKnight et al. (1987) report data on how much students
like to use calculators, as well as how they feel about checking
answers and memorizing rufes in mathematics. As expected,
students generally like to use calculators, but dislike memo-
rizing; checking answers falls somewhere in between. Corbirt
(1984) interviewed students in the eighth grade regarding how
much they liked 15 different mathematical topics. The results
showed some differences from students’ liking of mathematics
in general; for example, students reported being bored with
the typical review of computation in the eighth grade.

Research on attitude provides a broad and rather indistinct
picture of a limited range of affective responses to mathe-
matics. Researchers in the area generally limit themselves to
various kinds of questionnaires (Henerson, Morris, & Firz-
Gibbon, 1978), but there are useful examples of studies that
use interview data as well (Corbitt, 1984; Marshall, 1989). As
the research methodology becomes more flexible and more
studies use multiple research methods, including interviews
rather than just questionnaires, we can expect research on at-
titude to make new contributions to the field of mathematics
education.

Ins the literature it is difficult to separate research on attitudes
from research on beliefs. If attitudes develop out of emotional
responses, as we hypothesize, it should be possible to analyze
attitudes in terms of the corresponding emotional responses.
For example, if students get frustrated with computer-assisted
instruction, they may develop a negative attitude toward com-
puters; if students find it emotionally satisfving to work with
their friends on mathematical problems, they may develop a
positive antitude toward small-group instruction in mathemat-
ics. Further progress in research on attitudes should profit from
a more careful analysis of emational responses in mathemat-
ics education. Although Mandler’s (1984) theory does not yet
include any major attempu to categorize the various emotional
responses to mathematics, the efforts by Ortony et al. (1988)
1o build a general classification system for the emotions may
eventually provide some help in this area.

Emotions

The emotional reactions of students have not been major
factors in research on affect in mathematics education. This lack

of attention to emotion is probably due in part to the fact that
research on affective issues has mostly looked for factors that
are stable and can be measured by questionnaires. To phrase
this observation in another way, most research in the past has
looked at products, not at processes, and at beliefs and attitudes
rather than emotions. However, there have been a number of
studies that have looked at the processes involved in learning
mathematics, and these studies have sometimes paid attention
to the emotions. Certainly the current trend toward detailed
studies of a small number of subjects allows the researcher to
be aware of the relatjonship between the emotions and cogni-
tive processing; such an awareness was not possible in tradi-
tional large-scale studies of affective factors. In this section, we
review briefly a few of these studies.

One of the early studies of problem-solving processes was
conducted by Bloom and Broder (1950). In this work they
noted how students’ engagement in the task led them into pe-
riods of tension and frustration, especially when they felt that
their attempts to reach a solution were blocked. Once the block
had been overcorme, the students would relax and report very
positive emotions. This study was conducted before the cur-
rent focus on cognition became common, and it is justifiably
recognized as an early exemplar of research on cognitive pro- .
cesses. It also provides a useful model for integrating research
on cognition and affect. ’

Reports of strong emotional reactions 10 mathematics do
not appear in the research literature very often. An important
exception is the work of Buxton (1981). His research deals
with adults who report their emotional reaction to mathemati-
cal tasks as panic. Their reports of panic are accompanied by a
high degree of physiological arousal; this arousal is so difficult
to control that they find it disrupts their ability to concentrate
on the task. The emotional reaction is described as fear, anxiety,
and embarrassment, as well as panic. Buxton interprets these

data in terms of Skemp’s (1979) views of the affective domain, .- :

and suggests a number of strategies to change students’ beliefs
in order to reduce the intensity of the emotional response.

A number of ather researchers have investigated factors that
are related to the influence of emotions on cognitive processes
in mathematics. Wagner, Rachlin, and Jensen (1984) report how
algebra students who were stuck on a problem would some-
times get upset and grope wildly for any response that would
get them past the blockage, no mater how irrational. On a
more positive note, Brown and Walter (1983) discuss how mak-
ing conjectures can be a source of grear joy to mathematics stu-
dents. In a similar way, Mason, Burton, and Stacey (1982) talk
about the satisfaction of the “Aha!” experience in mathemarical
problem solving, and make suggestions about how students can
be encouraged to savor and anticipate positive emotional ex-
periences related to mathematics learning. Lawler (1981) also
documents the positive responses that accompany that moment
of insight when a child first sees the connections between two
important ideas.

These observations on emotion and cognitive processing re-
sulted from studies that were focused on cognitive rather than
affective issues, and reports of students’ emotional responses
were frequently sidelights rather than highlights of the stud-
ies. However, there has been some research that has focused
directly on the role of the emotions in mathematics learning.
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McLeod, Metzger, and Cravioto ( 1989) report on the emotional
reactions of expert and novice problem solvers, where the ex-
perts are research mathematicians and the novices are under-
graduate students who are not mathematics majors. This study
found that the emotional reactions to the frustrations and joys
of solving problems are basically the same for each group. The
experts, however, are better able to control their emotions than
the novices. In another study that included emotional responses
as an important component, Bassarear (1989) conducted ex-

tensive interviews with two college students over the course of -

a semester, observing the interaction of their beliefs, attitudes,
and emotions with their performance in mathematics class. The
data from these interviews suggest how emotional responses
can play a significant role in students’ learning of mathematics.

Although comments about emotion do appear in the re-
search literature from time to time, it is fairly unusual for re-
search on mathematics education to include measures of phys-
iological changes that accompany the emotions. However, in
a recent study Gentry and Underhil] (1987) gathered data on
muscle tension along with paper-and-pencil measures of anx-
iety toward mathematics. As one might expect, there was lit-
tle correlation between the wo measures, suggesting that tra-
ditional measures of anxiety may be quite different from the
emotional responses that influence students in the classroom,
Similar results were obtained by Déw, Galassi, and Galassi
(1984}, who compared physiological measures of heart rate and

skin conductivity with data from paper-and-pencil measures of

mathematics anxiety,

In surnmary, research on emotional responses to mathemat-
ics has been conducted, but it has never played a prominent
part in research on the affective domain in mathematics, A ma-
jor problem has been the lack of a theoretical framework within
which to interpret the role of the emotions in the learning of
mathematics. Mandler’s (1984) theory should help to provide

such a framework. The recent appearance of the volume by .

Harré (1986), with its constructivist approach to affective is-
sues, should also provide a suitable theoretical framework for
researchers who take a strong constructivist perspective, Sim-
ilarly, the work of Case et al. (1988), which integrates neo-
Piagetian thinking about cognition with a serious anempt o
explain the development of emotion, will be of particular in-
terest to researchers who take the perspective of developmental
psychology. Although Case and his colleagues have so far con-
centrated on younger children and the development of jealousy
and other emotions that are not specifically refated to mathe-
matics education, there is reason to expect that these ideas can
be extended to older children and to a mathematical context.
In conclusion, the available data from a variety of sources and
a variety of theoretical perspectives suggest that careful obser-
vation of students, along with detailed interviews, should help
researchers in their analysis of the emotional states of mathe-
matics learners (McLead, 1988)

"RELATED CONCEPTS FROM
THE AFFECTIVE DOMAIN

The research on beliefs, attitudes, and emotions that was
outlined in the previous sections provides a general overview

of research on the affective domain, There are, however, 5 e
ber of other research topics—one could refer 1o them as m;
theories about parts of the affective domain —that have impl;
tions for mathematics education. The purpose of this sectiqyj
to outline several of these areas, and to suggest how they coyip
fit into the general rubric of beliefs, attitudes, and emotiong g3
described above. Sometimes these topics have not been inves.
tigated in the context of mathemarics education; neverthelesSZ,
they seem relevant to the field. We begin with those aregs that
have the most in common with traditional foci of the affective
domain in mathematics education, like confidence and self. ™
concept. Later we shall also deal with relatively new concepts
from research in mathemarics education, like metacognitign
and intuition, and suggest how those areas might be integrateq
more completely with research on affect,

Confidence

Confidence in learning mathematics has been studied at
least since the days of the National Longirudinal Study of Mathe-
matical Abilities (Crosswhite, 1972). Reyes (1984) provides an
excellent review of the literarure in this area, Although differ-
ent studies have used varying methods to assess confidence, in
general it is reasonable to think of confidence as a belief about
one's competence in mathematics.

Confidence correlates positively with achievement in mathe-
matics, and the relationship is generally quite strong, with cor-
relation coefficients of greater than 0.40 appearing in studies
at the secondary school level (Reyes, 1984). Confidence is akso
related to elective enrollment in mathematics courses, and has
been used frequently in investigations of gender differences
in mathematics (Fennema, 198%; Linn & Hyde, 1989). Although
some data have suggested that confidence is also related to pat-
terns of classrbom interaction between students and teachers,
more recent work in this area indicates that the differences are
not as consistent as expected (Hart, 1989a).

Instrumnents to measure confidence vary greatly in complex-
ity. In the National Assessment data, students were simply asked
if they were good at mathematics (Dossey et al., 1988); on the
other hand, Fennema and Sherman (1976) developed a scale
to assess confidence, following approved test development pro-
cedures for validating items, assessing reliability, and so forth.
Other researchers have fallen in between these two ends of the
Spectrum; many have developed more general scales, including
iems related to confidence, but have not separated confidence
from other kinds of affective factors,

Some recent studies of confidence continue to produce pat-
terns of results established in earlier research efforts. Kloost-
erman (1988) investigated the correlation between measures
of confidence and other affective varfables, like motivation
and causal atributions, with grade 7 students. As predicted,
these kinds of variables are correlated; however, the useful-
ness of these kinds of conclusions for theoretical development
and for practical applications appears 10 be limited (Mandler,
1972). Mura (1987) investigated differences in level of con-
fidence, career plans, and gender with college students. In
line with other studies, women tended to be less confident
than men, and fewer women planned to take advanced mathe-
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matics than men, In studies with students at the elementary
(Newman & Wick, 1987) and secondary school levels (New-
man, 1984), data indicated that boys were more confident than
girls in estimation tasks at the secondary school level; how-
ever, at the elementary school level, the levels of confiderce of
boys and girls on these estimation tasks did not differ signifi-
cantly

Students’ beliefs about their competence in mathematics are
an important affective factor in mathematics classrooms. Future
research on confidence needs 1o take into account the com-
plete mosaic of mathematical beliefs, rather than just studying
one such belief in isolation. For example, if students feel con-
fident about doing mathematics and believe that mathematics
is nothing more than doing computational exercises, their be-
liefs about mathematics as a discipline provide a different per-
spective regarding their statements of confidence. Making sense
of confidence as a variable in mathematics education will re-
quire a more complete picture of the affective domain than is
presently found in most studies,

Self-concept

Self-concept can be thought of as a generalization of con-
fidence in learning mathemarics (Reyes, 1984). Substantial ef-
fort has gone into research on both general self-concept and
academic self-concept, and the relation of each to academic
achievement (Byrne, 1984). Work by Shavelson and Bolus
(1982} is representative of the area. Shavelson and his col-
leagues assume that students develop a general self-concepr,
which can be analyzed into various components, including an
academic self-concept. The relationships between general and
academic self-concepts, and between academic self-concept and
self-concept in specific subject-maner areas like mathematics,
are still being debated, however, Byrne (1984) does report
some support for a hierarchical system through which more
specific self-concepts are combined to make up the general self-
concept. More recently, Marsh (1986) has gathered data on self-
concept by discipline, and found that mathematics self-concept
and verbal self-concept were not correlated, but that mathe-
matics self-concept was correlated with achievement in mathe-
matics, just as verbal self-concept was correlated with verbal
achievement.

Since the relationship of self-concept 1o achievement is con-
sistently positive, continued research on such beliefs about self
seems appropriate. Since studies of self-concept have generally
used only quantitative methods, there is much work that could
be done In qualitative studies to further our understanding of
how differences in self-concept are related to differences in
mathematical performance. For example, students who have a
poor self-concept in mathematics may need help in changing
their beliefs about mathematics as a discipline, as well as in
seeing themselves as competent learners of the subject.

Self-efficacy

A variation of self-concept is the notion of self-efficacy (Ban-
dura, 1977). As Schunk (1984) points out, notions of self-efficacy

are related to decisions about which activities students choose
to participate in, how much effort they expend, and how long
they persist in those activities. Norwich (1987) investigated the
relationship between self-efficacy and performance in mathe-
matics among primary school students in England, as well as the
relationship between measures of self-efficacy and self-concept.
The data suggest that neither self-efficacy nor self-concept were
particularly significant predictors of achievement. In a study of
mathematics students at the college level, Hackett and Betz
(1989) found that self-efficacy was a good predictor of stu-
dents’ choice of major and that it also correlated positively
with achievement and attitudes toward mathematics. In partic-
ular, Hackett and Betz (1989) claimed that self-efficacy was a
better predictor of college major than measures of achieve-
ment, Although the data on self-efficacy are interesting, it is dif-
ficult to sort out why self-efficacy as a construct should be much
more successful as a predictor than mathematical self-concept
or confidence in learning mathematics. Again, a broader and
more integrated view of various beliefs about self may help to
make research of this type more meaningful to the field,

Mathematics Anxiety

The study of mathematics anxiety has probably received
more attention than any other area thar lies within the affec-
tive domain. Hembree (1990), in a2 meta-analysis based on 151
studies, confirmed that mathematics anxiety is related to poor
performance in mathematics, and that a variety of treatments
are effective in reducing mathematics anxjery and in improving
performance. Treatments that involve systematic desensitization
and relaxation training were found to be most effective, Efforts
to change beliefs about mathematics were also of some help.
From the data that are already available (Berebitsky, 1985; Gar-
tuso & Lacasse, 1987; Hembree, 1990), it seems reasonable for
researchérs to propose relatively complete models of how be-
liefs, attitudes, and emotions are involved in the development
of mathematics anxiety, and to develop treatmert programs that
deal with the issue in a more comprehensive way. Meanwhile,
researchers are able to provide helpful suggestions to teachers
(Brush, 1981}, and some research has tested alternative instruc-
tional formats that may be more appropriate for students who
report high levels of mathematics anxiety (Clute, 1984).

Although there has been considerable progress in inves-
tigating mathematics anxiety, the concepts underlying the re-
search continue to be murky, and the terminology remains un-
clear. As Hart (1989b) points out, anxiety has sometimes been
characterized as fear, 2 "hot” emotion, and sometimes as dis-
like, an attitude. Researchers have often failed to distinguish
berween Spielberger’s notions of state and trait anxiety (Spiel-
berger, Gonzalez, & Fletcher, 1979). The relationship of mathe-
matics anxiety to performance in mathematics is sometimes
difficult to demonstrate (Gliner, 1987; Llabre & Suarez, 1985;
Mevarech & Ben-Antzi, 1987); studies that atempt to clarify the
relationships between various measures of mathematics anxi-
ety, test anxiety, and related concepts (Dew et al,, 1984; Fergu-
son, 1986; Hendel, 1980; Richardson & Woolfolk, 1980; Rounds
& Hendel, 1980) report only modest success. These kinds of
studies continue to emphasize measurement issues rather than
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theory building. Conceptions of mathematics anxiety are often
difficult to separate from test anxiety (Sarason, 1980, 1987) as it
applies to mathematics; moreover, test anxiety appears to pro-
vide the main source of theoretical support for much of the
research on mathematics anxiety.

Current research on mathematics anxiety, with its empha-
sis on statistical methodology and correlational analyses of re-
lated concepts, rermains subject to the criticisms that Mandler
(1972) made many years ago; significant correlations do not
imply significant increases in our knowledge of the field, es-
pecially given the difficulties involved in building instruments
for the affective domain and the lack of an adequate theoretical
foundation for the work. Some studies have attempted to pro-
vide a stronger cognitive orientation for research on anxiety
(Hunsley, 1987), to build a constructivist foundation for such
work (Carter & Yackel, 1989), to investigate the influence of
mathematics anxiety on the performance of elementary school
teachers (Bush, 1989), and to separate more intense, emctional
aspects of anxiety from the less intense, attitudinal facets (Wig-
field & Meece, 1988). In spite of these significant efforts, this
research area continues to make slow progress.

The difficulties involved in dealing with mathematics anxiety
have led some researchers to propose alternative approaches
that are based on Freudian psychology. Ginsburg and Asmussen
{1988), for example, discuss the extreme anxieties that some
people develop regarding mathematics, and argue that the tech-
niques of depth psychology will be needed to treat such prob-
lems successfully. Nimier (1977), in an intriguing discussion of
the impact of fears and defense mechanisms on mathematics
students, provides a Freudian interpretation of certain patierns
of behavior that are common in mathematics classrooms. In
related work, Legault (1987) discusses how these Freudian in-
terpretations of students’ behavior have special implications for
gender differences in mathematics education. Although studies
of this type have not had a major impact on research in mathe-
matics education, they may in the future yield important in-

sights, especially regarding people who suffer from extremely

negative reactions to mathematics (Buxton, 1981).

Causal Attributions

The work on causal attributions related to mathematics
learning has been quite extensive. The theory, outlined ear-
lier in this chapter, has a relatively strong theoretical founda-
tion (Weiner, 1986). Again, as with research on confidence in
learning mathematics, some of the most interesting results have
dealt with gender-related differences. For example, males are
more likely to agtribute their success to ability than females,
and females are more likely to auribute their failure to lack of
ability than males. Several summaries of the research on causal
attributions that is related to mathematics learning are avail-
able in the literarure (Fennema, 1989; Meyer & Fennema, 1988;
Reyes, 1984).

There are a number of recent studies of causal attributions
among mathematics students. Kloosterman’s (1988) work on
relationships between atributions and confidence, discussed
earlier, is a good exampile of the kind of research that has been
done in this area. He found that students who were high in

confidence were also likely to attribute success to ability and
failure to effort. These interrelationships among concepts sug-
gest new avenues for investigating relevant variables within the
context of a well-developed theory. In other studies, Choroszy,
Powers, Cool, and Douglas (1987) extended the work on causal
attributions to community college students in American Samoa;
Heckhausen (1987) analyzed various relationships between at-
tributions and achievement; and Graham (1984) and Prawat et
al. (1983) conducted research on teachers’ auributions about
student performance. None of these researchers provide any
unexpected results, bur they are all engaged in useful efforts
to test and extend the theories of Weiner (1986).

Effort and Ability Attributions

Although Weiner (1986) appears to have the most complete
theoretical perspective on issues related to amributions, con-
siderable research has been done on effort and ability that is
parallel to but not directly dependent upon Weiner's work. For
example, Ames and Archer (1987) found that elementary school
students who attributed success to effort were more likely to
exhibit a mastery orientation, putting their emphasis on learn-
ing and understanding through hard work, meeting challenges,
and making progress. Students who attributed success to abil-
ity were more likely to be interested in good grades than in
understanding. In a review of the research on issues of effort
and ability, Holioway (1988) compared data from Japan and the
United States. Some of the major findings from this report are
that effort is believed to be of primary importance in determin-
ing achievement in Japan, but ability is seen as the primary fac-
tor in the United States. Apparently, Japanese homes encourage
task involvement in ways that promote effort attributions, Re-
lated work by Hess, Chang, and McDevitt (1987), Stevenson et
al. (1986), and Stigler and Perry (1988) provides further sup-
port for the importance of cultural differences in effort and
ability attributions.

Learned Helplessness

The psychological literature on learned helplessness is quite
extensive, and in recent years the influence of this concept is
being felt more directly in mathematics education research.
Diener and Dweck (1978), in work with elementary school
studenits, described a pattern of behavior called learned help-
lessness where students attributed failure to lack of ability
Such students tended to demonstrate a low level of persistence
and to avoid challenges whenever possible (Dweck, 1986).
The contrasting pattern, referred 10 as a mastery orjentation,
was characterized by students who made few attributions, but
who concentrated on monitoring their performance. In gen-
eral, mastery-oriented students saw intelligence as a growing
collection of concepts and procedures that they were able to
understand. Dweck and Bempechat (1983) link these two con-
trasting orientations (mastery versus learned helplessness) to
students’ beliefs about intelligence and the related attributions
that the students make. Again, some of the most interesting in-
vestigations of these ideas appear in studies of gender-related
differences (Parson, Meece, Adler, & Kaczala, 1982).
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Motivation

Many of the studies that have been discussed in this paper
have something 10 do with motivation. There are a great many
ways to study motivation, and there has been a great deal writ-
ten on the general topic (Ames & Ames, 1984; Bates, 1979;
Boekaerts, 1988; Brophy, 1983; Corno & Rohrkemper, 1985;
Covington, 1983; Covington & Omelich, 1985; Hatano & Inagaki,
1987; Machr, 1984, Malone & Lepper, 1987; Morgan, 1984;
Nicholls, 1984; Paris, Olson, & Stevenson, 1983; Pekrun, 1988;
Stipek, 1984; Weinert, 1987). Although most of these authors
do not deal with mathematics education directly, their work as
a whole is certainly applicable to mathematics classrooms.

One of the difficulties with the work on motivation is the dif-
fuse and disconnected nature of the field. In spite of the best
efforts of leading researchers (Ames & Ames, 1984; Dweck,
1986; Snow & Farr, 1987), the field appears to be made up
of often disconnected components dealing with such topics as
achievement motivation, social motivation, extrinsic versus in-
trinsic motivation, fear of success, need for achievement, and
so forth. According to Mandler (1989), part of the problem is
that there is still no framework for research on mativation that
fits comfortably into current research in cognitive psychology.
Norman (1981), in his essay on cognitive science, suggested
that motivarion could be dealt with as a derived issue In cog-
nitive science, where motivational factors could be explained
through research on beliefs and emotions. Whether such an ap-
proach is appropriate or whether it would lead to any particular
clarification in the field is yet 1o be determined. But clarity is
obviously needed in the chaotic collection of research studies
carried out under the general heading of motivation.

In summary, research areas like self-concept, causal attribu-
tion, and learned helplessness all help to complere our picture
of the affective domain as it influences performance in learning
and teaching. However, these research areas can be strength-
ened if they can be related to the complete realm of research
on affect. In particular, researchers need to clarify the level of
affective intensity that srudents are reporting, For example, if
students’ confidence is being assessed, then the research needs
to distinguish as carefully as possible between beliefs about
competence and feelings of inadequacy. Similarly, in research
on anxiety, we need o distinguish between intense emotional
responses (panic or fear) and other negative but less intense
responses (dislike or worry). If the research in these areas can
be related more directly to research on beliefs, attitudes, and
emotions, the level of intensity of the affective response should
be more clear, thus contributing 10 the overall understanding
of how the affective domain is related to mathematics learning
and teaching,

TOPICS RELATED TO THE COGNITIVE DOMAIN

The position of this paper—and of Mandler's (1984)
theory—is that the affective and cognitive domains are inti-
mately linked. Affective responses do not occur in the absence
of cognitive evaluations, according to the theory Nevertheless,
some topics seem more ¢losely connected 1o the cognitive do-

main than others. This section describes a number of research
topics that are closely identified with research on cognition,
even though they have a strong connection to the affective do-
majn,

Autonomy

In their analysis of gender-related differences in mathe-
matics education, Fennema and Peterson (1985) developed a
model that linked performance on tasks that require higher-
order thinking skills in mathematics to beliefs, social influ-
ences, and autonomous learning behaviors (ALBs). These ALBs
include activities like independent thinking about a problem
and willingness to persist in problem solving. Such ALBs are
hypothesized to be 2 mediating link berween students’ knowl-
edge and beliefs on the one hand and mathematical perfor-

" mance on the other (Fennema & Leder, 1990). Descriptions of

successful teachers of mathematics (Cobb et al,, 1989: Grouws
& Cramer, 1989; Peterson & Fennema, 1985) place consider-
able emphasis on how teachers can help students develop this
kind of autonomy.

Related to autonomy is Witkin's notion of field indepen-
dence (Witkin & Goodenough, 1981). Although Witkin consid-
ered field independence and field dependence to be cognitive
styles, rather than affective factors, the pattern of performance
of field-independent studenss is quite similar to Fennema and
Peterson's (1985) notion of autonomous learning behaviors.
Given the importance of autenomy and independent thinking
in the curriculum reform movement that is now so promi-
nent in mathematics education (Commission on Standards for
School Mathematics, 1989), it may be wise to return to earlier
forms of these concepts and to conduct more detailed inves-
tigations of cognitive styles (Messick, 1987). One recent effort
in this direction (Kelly-Benjamin, 1990} investigated differences
between general and mathematical learning styles among high
school seniors; results of a factor analysis suggest that students’
mathematical learning styles are different from their general
learning styles, and that these differences have implications for
mathematics instruction.

Aesthetics

Although mathematicians often remark on the aesthetic di-
mensions of mathematics, the study of aesthetics has not re-
ceived much antention in the mathematics education commu-
nity (Dreyfus & Eisenberg, 1986). Mathematicians like Poincare
and Hadamard have been quite interested in how aesthetic fac-
tors have influenced the development of mathematical think-
ing; it seems appropriate that the topic should receive more
attention from researchers in mathematics education.

In a study of expert problem solvers who were mathema-
ticians, Silver and Metzger (1989) concluded that expertise in-
volved taste as well as competence. Aesthetic factors clearly
influenced the problem solver’s emotional reaction to the
problem, which frequently involved recognition of the beauty
and elegance of the problem or its solution. In addition,
aesthetic factors were related to the problem solvers’ mon-
itoring of their solution strategies and cognitive processing.
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This aesthetic monitoring provided an interesting link berween
metacognitive processing and affective responses to problem
solving, The study of aesthetic influences on mathematical per-
formance appears to be an important issue in the development
of expert problem solvers, and it certainly deserves more at-
tention in the curriculum than it currently receives (Drevfus &
Eisenberg, 1986).

Intuition

Intuition, like aesthetics, plays an important role in mathe-
maticians’ discussions of mathematical thought. Recently this
topic has received considerable attention in two books
(Fischbein, 1987; Noddings & Shore, 1984), both of which em-
phasize mathematics in their analysis. Intuitive knowledge in
mathematics is knowledge which is self-evident, which carries
with it characteristic feelings of certitude, and which goes be-
yond the facts that are available (Fischbein, 1987; Noddings
& Shore, 1984). Some authors have tried to explicate the
role of intuition in rational number learning (Kieren, 1988)
and other arithmetic concepts (Resnick, 1986). Clearly there is
much more research that could be done, particularly on the
teaching and learning of mathematical problem solving, to de-
velop an understanding of the role of inwmition and of how
students’ intuitions could be improved, '

Metacognition

Metacognition has received substantial awention in research
on mathematical problem solving in recent years (Campione,
Brown, & Connell, 1989; Garofalo & Lester, 1985; Schoenfeld,
1987b; Silver, 1985) and the links between metacognition and
the affective domain have been duly noted as well (Brown,
Bransford, Ferrara, & Campione, 1983; Garner & Alexander,
1989; Lawson, 1984; Mcleod, 1988; Prawat, 1989), Lester and
his colleagues (Lester et al, 1989) have been the most specific
about the relationships between metacognition and affective
factors like confidence and interest. In a more general setting,
Weinert and Kluwe (1987) have published a volume devoted
10 the analysis of the relarionships between metacognition and
motivation. The task of specifying the ways in which metacog-
nitive processing interacts with the affective domain is difficult;
however, substantial progress is being made in understanding
the area and in deriving implications for instruction, particu-
larly in the area of problem solving (Lester et al., 1989). Some
work has also been done on mathematics instruction in more
general settings. For example, Newman and his colleagues
{(Newman, 1990; Newman & Goldin, 1990) have investigated
how students regulate their own behavior in the context of
seeking help in the mathematics classroom. Their results, which
suggest that willingness to seek help is constrained by students’
beliefs about self, provide a nice example of how to integrate
research on beliefs, attitudes, and metacognition in order to
analyze a specific issue related to mathematics instruction.

Sécial Context

The relationship of affective factors to mathematics learning
and teaching is always influenced by the social comtext. The

study of these contextual factors is receiving increased atten-
tion, particularly because of their relationship to issues of gen-
der and ethnicity (Cole & Griffin, 1987). The role of the social
context is also receiving much more attention from those in
cognitive science who would like to see their research have
4 grearer impact on real-world classrooms (Brown, Collins, &
Duguid, 1988). This emphasis on the role of contextual factors
has come in part from anthropology, where studies of learning
in sewings outside of school have led to new insights (Lave,
1988). The applicability of these insights to school settings
is often unclear; for example, the notion of apprenticeships
for mathematics students (as well as for future African tailors)
has considerable appeal, but it is not clear how such a no-
tion could be implemented on a broad scale in school mathe-
matics.

The analysis of the social context has been an interest of
psychologists as well as anthropologists. Saxe (1990) has stud-
ied the development of mathematical thinking with an empha-
sis on the interaction of culture and cognition; many of his
examples are taken from investigations of how some Brazil-
ian children develop mathematical skills through their work
as candy sellers. In an example of work from another area,
Magnusson (1981) provides an analysis of the characteristics of
situations that are important to psychology. He includes com-
plexity, clarity, tasks, rules, roles, physical settings, other per-
sons, expectancies, affective wones, and emotions in his list of
situational characteristics, There are many difficulties involved
in making sense of a psychology of situations; nevertheless,
the area presents an alternative approach to understanding the
social context of weaching and learning,

Another broad approach to the issue of social context is pro-
vided by the work of Bishop (1988) on mathematical encultur-
ation. His analysis of mathematical culture purs considerable
emphasis on beliefs and attitudes, and he argues for a curricu-
tum that puts appropriate emphasis on inducting students into
the culture of our discipline. In a related effort to shed light on
the role of the social context in learning, Newman et al. (1989)
argue that cognitive change is as much a social as an individ-
ual process, suggesting that researchers need to focus more on
the context and the social interaction among learners. From a
somewhat different perspective, Cocking and Mestre (1988} and
Orr (1987) look at cultural influences on learning mathematics
that cause particular problems for students who are members
of linguistic {or other) minority groups. Just as affective Fac-
tors are particularly important to gender-related differences in
mathematics performance (Fennema, 1989), it seems reason-
able to hypothesize that affective factors are particularly impor-
tant to differences in performance between groups that come
from different cultural backgrounds.

Research that has been done in this area indicates the signif-
icant role of the family in students beliefs and attitudes toward
schooling in general and toward mathematics in particular (Par-
sons, Adler, & Kaczala, 1982; Stevenson et al., 1986, Stigler &
Perry, 1988). The cross-cultural comparisons in these and other
studies are especially interesting. Mathematics education in the
United States certainly can learn much from careful analyses
of classrooms in other countries, and more research on issues
related to the social context of instruction should prove to be
very helpful (Research Advisory Committee, 1989).



588 + CRITICAL ISSUES

Technology

One aspect of the social context of learning and teaching is
the presence of technology in the classroom. Although it is pos-
sible to utilize some kinds of technology in the classroom with-
out changing anything in a substantive way {as computer-based
drill and practice programs have demonstrated for years), other
kinds of technological advances should have a significant im-
pact on the social context and the affective environment. Kaput
(1989), in a stimulating analysis of the impact that computers
could have on classroom instruction, notes thar students who
learn in a computer environment could have quite different
affective responses to learning tasks than students who do not.
For example, students who use computers can discover their
own errors and correct them independently, rather than being
corrected by a teacher or fellow students.

The computer has become an important object in our cul-
ture, and considerable research has been done on our reactions
to computers. Turkle (1984) presents an interesting analysis of
how children’s views of the computer develop, from the early
stage where young children are still trying to figure out if the
computer is alive or not, to a later stage where the computer is
an object to be mastered or an object that can reflect one’s own
identity. Other investigators have written about attitudes toward
computers (Collis, 1987; Gressard & Loyd, 1987, Swadener &
Hanafin, 1987) using traditional methods and instruments. Col-
lis and Williams (1987) investigated cross-cultural differences
between Chinese and Canadian adolescents in their attitudes
toward computers, noting some differences between cultures,
as well as between females and males. It seems likely that tech-
nology can play an important role in changing beliefs about
mathematics and possibly even in improving attitudes toward
mathematics; more research and development along these lines
seems appropriate, particularly studies that rake affective factors
imo account.

Research on topics that fall in berween the purely cognitive
and strictly affective areas is especially important to the field of
mathematics education. These topics provide a natural link be-
tween research on affect and cognition, 4 link that we explore
further in the next section.

THEORIES AND METHODS FOR
RESEARCH ON THE AFFECTIVE DOMAIN

Most research on the affective domain has followed the
traditional paradigm of quantitative research, and as Fennema
{1989) points out, this approach has produced valuable infor-
mation on the affective domain. In recent years, however, re-
search in the cognitive domain has made successful use of a
variety of qualitative as well as quantitative techniques. Such a
combination of techniques seems appropriate for the affective
domain as well. Howe (1988) notes that many researchers have
an ideological commitment to one set of research methods, as-
suming that purity of method is necessary to development of
theory. However, as Howe (1988) points out, there is no con-
vincing evidence that qualitative and quantitative methods are
incompatible. Given the nature of research on the affective do-

main, it seems likely that a variety of reasonable research meth-
ods have a chance to make a contribution to the field, as long
as the data are interpreted intelligently

A number of researchers have discussed the strengths and
weaknesses of qualitative methods in research in education.
For example, Firestone (1987) and Jacob (1987) present a gen-
eral analysis of the problems, and the classic work of Ericsson
and Simon (1980) deals with the use of verbal reports as data.
In addition to these general analyses, some authors have dealt
specifically with issues related to doing qualitative research in
mathematics education. Eisenhart (1988), for example, provides
an analysis of ethnographic methods in the specific context
of research on mathematics teaching and learning, and Gins-
burg and his colleagues (Ginsburg, 1981; Swanson, Schwartz,
Ginsburg, & Kossan, 1981) discuss the use of clinical interview
methods in mathematics education.

If researchers are to make progress in building theory and
gathering relevant data about the role of the affective domain
in the learning and teaching of mathematics, they need to pro-
vide data on a wide range of issues. Some of these issues (for
example, beliefs and atitudes) can be analyzed through the
use of traditional quantitative techniques, but qualimtive data
will add substantially to the completeness of our understanding .
of these issues. Measures of emotional reactions to mathemat-
ics can be done quantitatively (for example, measures of heart
rate), but it seems much more natural in the context of mathe- -
matics classrooms to investigate such issues through studies
that use qualitative techniques. For example, college students
who were asked to draw a graph that represented their emo-
tional reactions during a problem-solving episode were able
to describe the “*highs” and “lows" that they felt ai various
points, and to specify some of the reasons for their positive
and negative feelings (McLeod, Craviotto, & Ortega, 1990); pre-
sumably, ways could be found to obtain similar information
from younger students as well. Having students keep journals
where they write on a regular basis about mathematics can also”
provide data on affective responses {Adams, 1989). In addition; -
if research is going to help us understand the role of affect in. -
mathematics learning and teaching, studies of affect must be -
integrated with studies of cognition. Most research on learn-
ing ignores affective issues even when they are quite pertinent. -
For example, studies of students who are attempting to solve -
nonroutine problems are very likely to involve fairly intense-
affective responses (Mcleod et al., 1989), and researchers who -
fail 1o gather data on these responses are missing an important
characteristic of student performance.

Integrating affect into cognitive studies of mathematics
learning would improve research on both cognition and af-
fect. The following sections describe a variety of smdies of
learning and teaching which attempt 1o use both quantitative
and qualitative methods, and which integrate research on affect
and cognition. :

Integrating Research on Affect and Learning

Research on learning with young children often provides
opportuaities to include affect in studies that are designed pri-
marily to study cognitive issues. For example, Marshall (1989)
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reporis on the affective reactions of sixth-grade students to
mathematical story problems. Although the main purpose of the
research was to investigare children's development of schemas
for story problems, the interviewer also encouraged students
to verbalize their affective reactions 1o the problems. Given
this opportunity to discuss their feelings in a supportive envi-
ronment, many children responded quite freely. Some of the
children had rather intense emotional reactions, including a
few who discovered something new about mathematics dur-
ing the solution of the problems and who were delighted with
their new knowledge. A few others demonstrated negative re-
actions to the problems, including one child who reported a
rapid heartbeat as well as general discomfort and fear during
the interview. In this case the interviewer ended the questions
and spent some time reassuring the child instead. The source
of this child’s difficulty appeared to be the blockage that the
child experienced in attempting to solve a nonroutine prob-
lem. Most children, however, used their verbal comments to
express well-established attinzdes about story problems; these
attitudes often revealed negative views toward mathematics or
toward themselves as problem solvers. In Marshall’s analysis,
these emotional and attitudinal responses are attached to vari-
ous components of the schemas involved in solving story prob-
lems. Marshall's procedures and analysis provide a good exam-
ple of how a study with cognitive objectives can be expanded
to include affective issues in a natural way.

In another study involving story problems, this time at the
seventh-grade level, Lester et al. (1989) focused mainly on the
role of metacognition in probiem solving, In order to explain
the context in which metacognitive decisions were made, the
researchers also gathered data on affective factors, including
children’s beliefs about themselves as problem solvers and
their anitudes toward mathematical problem solving. The data
from this study support the view that the social context and the
beiiefs which it engenders have an important influence on both
the students’ affective responses as well as their metacognitive
acts,

These studies of children’s learning indicate that affect plays
an important role in students’ (i.e,, novices') mathematical per-
formance. In another study linking research on affect and cog-
nitfon, Silver and Metzger (1989) gathered related data on the
performance of experts. In their study Silver and Metzger in-
terviewed research mathematicians and asked them to solve
non-routine problems while thinking aloud. These interviews
provide a rich source of data on the relationship between the
affective domain and expertise in mathematical problem solv-
ing. A striking result of these data is the important role played
by aesthetics in the monitoring and evaluation of expert per-
formance. Rather than viewing problems from a utilitarian per-
Spective, these experts spoke frequently about the elegance,
harmony, and coherence of various solutions (or attempted so-
lutions) to problems, The aesthetic aspects of the probiem-
solving experience were clearly linked to the experts' emo-
tional responses, including their enjoyment of the probiem.

In another study of experts, Taylor (1950) investigated the
attitudes of mathematicians toward mathematics. This study is
'+ Interesting due to its use of qualitative methods and its obser-
vations about gender-related differences in the development of
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mathematicians’ careers, Through the use of qualitative meth-
ods, data are gathered on such factors as the development of
confidence and willingness to persist, along with informatiog
on causal attributions for the mathematical success of the par-
ticipants,

A variety of studies with a cognitive orientation have jn-
cluded affective factors as an important part of the research,
For example, Peterson and her colleagues (for example, Peter-
son & Swing, 1982) have completed a series of studies thai have

-included lengthy interviews with students who were asked 10

comment on affective as well as cognitive matters, Ginsburg
and Allardice (1984) provide an intriguing view of how beliefs
and emotion can contribute to the difficulties of young children
who are unsuccessful in mathematics. These and other studies
suggest that the usual methods for research on cognition can
be adapted to include appropriate attention to the role of affect
{n the learning of mathematics,

Integrating Research on Affect and Teaching

Research on teachers and teaching in mathematics educa-
tion seldom focuses on the affective factors that are frequently
so visible in classrooms. This section will discyss several pa-
pers that do include affect, and do so in ways that go beyond
the traditional attitude measures of previous years,

Cobb et al. (1989) have provided extensive data on how a
teacher in a second-grade classroom dealt with emotions in
the learning of mathematics. The data were obtained through
careful observation of the classroom over an entire school year.
The observers were able to document how the teacher worked
with the students as they developed beliefs about mathematics,
For example, the teacher was very explicit about the need to
justify answers o mathematical problems, and about the im-
poriance of the justification. She was also explicit in her speci-
fications of the acceptable kinds of behavior regarding solving
mathematical problems. For example, she repeatedly empha-
sized the satisfactions that come with solving problems inde-
pendently, and instructed students not to tell the answers to
those who were stiil working on the problems, She was very
clear in letting the students know that persistence in spite of
frustration was important to success in solving problems. Since
these classroom norms were a change from what had been ex-
pected of the students in other contexts, the changed norms
were explicitly taught and practiced, and the teacher worked
hard to see that these norms were adhered to. The result was
a classroom where students showed a lot of satisfaction and
enthusiasm for problem solving, and viewed themselves as au-
tonomous learners,

In a study of pre-service teachers’ estimation skills, Sowder
(1989) investigated the teachers’ tolerance for error, their attri-
butions of success and failure, and other beliefs about mathe-
matics and about themselves. Through extensive interviews
with a sample of teachers, Sowder was able to create a pro-
file of the beliefs that characterized good and poor estimators.
Good estimators tended to have strong self-concepts with re-
gard to mathematics, to attribute successes to their ability rather
than just to effort, and to hold the belief that estimation was im-
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porunt. Poor estimators were more likely to have a weak seif-
concept in mathematics, to attribute successes to effort, and not
10 value estimation. The exceptions to these general patterns
were interesting cases that showed how individual beliefs about
mathematics could have an important impact on individuat per-
formance on estimation tasks. The general conclusions of this
study provide some indication of the difficulties that will be in-
volved in implementing recommendations 10 include estima-
tion in the elementary mathematics curriculum. Clearly many
teachers who are in the field, as well as many more who are
on their way, do not hold beliefs about mathematics or about
themselves that are compatible with the goals of the curriculum
in terms of estimation skills (Sowder, 1989).

In a third study of teachers, Grouws and Cramer (1989)
observed six expert teachers of problem solving at the junior
high school level. The focus of this study was to identify the
affective characteristics of the classrooms of these teachers dur-
ing problem-solving lessons. Each teacher was observed five to
seven times over the course of a semester. The observations
revealed that students enjoyed problem solving, persevered
on problem-solving tasks, and worked willingly on problem-

solving assignments. Interviews with teachers helped with the
identification of strategies that led to this positive affective cli-

mate in the classroom. For example, teachers appeared to work
hard to establish a good relationship with students. They tended
to be friendly rather than formal, and to share personal anec-
dotes about their own problem solving that illustrated their
own strengths and weaknesses as problem solvers. In addition,
the teachers established a system that held students account-
able for their performance in problem solving. The system it-
self varies, although most teachers did pay attention o more
than just the answer (o the problem. Also, the teachers made
frequent use of cooperative groups, and noted that small-group
work tended to promote independence and to reduce feelings
of frustration. Although no single factor appeared to be the
cause of the success of these expert teachers, further research
should provide indications of how these classroom character-
istics contribute to the development of positive affective envi-
ronments for problem solving,

Other studies of teaching also include affective Factors in
some detail. Tinle (1987), for example, is investigating how data
on students' affective characteristics could be provided to teach-
ers, thus making it possible for teachers to wilor instruction to
students' affective as well as cognitive characteristics. This ap-
proach could be particularly important for gender differences
in mathematics education (Tittle, 1986). Brophy (1983) has also
written about strategies for improving the motivational climare
in classrooms through strategies for encouraging enthusiasm
for learning, reducing anxiety, and inducing curiosity. Thomp-
son and Thompson (1989) discuss how students respond to a
teacher’s efforts to provide a supportive atmosphere for math-
ematical problem solving. Further research on affect in class-
rooms should provide more guidance on these topics.

These studies of reachers and teaching provide useful in-
formation on how belicfs, emotions, and attitudes play a sig-
nificant role in mathematics instruction. They also demonstrate
how affective factors can be incorporated in cognitive stud-
ies of reaching. If studies of affect are isolated, they do not
have a significant impact on researchers who are primarily in-

terested in cognition. If research on affect can be integrated
into cognitive studies of teaching and learning, our knowledge
of affective factors will be more likely 10 have an impact on
instruction.

SUMMARY

Research on affect has been voluminous, but not particularly
powerful in influencing the field of mathematics education. It
seems that research on instruction in most cases goes on with-
out any particular attention to affective issues, Similarly, there
is linle attention to research on affect in most curriculum de-
velopment efforts, and apart from the topic of gender-related
differences in mathematics, research on affect appears to have
linde impact on curriculum development or teacher education
programs in mathematics. ‘

A major difficulty is that research on affect has not usually
been grounded in a strong theoretical foundation. When such
research did occur within a theoretical framework, there was
liule connection between that framework and the theoretical
foundations of cognitive research in mathematics education. To
people who work on cognition, research on affect seemed to
be a collection of generally unrelaied clumps of studies on is-
sues like motivation, artitude, and causal attriburions. With no
overriding themes or general framework, affective studies ap-
peared to be unconnected with each other and quite separate
from the interests of most cognitive researchers.

There are several things that can be done to improve this
state of affairs. For example, researchers who focus on affec-
tive issues need to be more aware of how their research can
contribute to research on cognition. Similarky, those who focus
on cognition need to be more aware of research on affect and
to include affective issues in a meaningful way in their stud-
ies. Too often researchers who focus on affect rely on mea-
sures of achievement (like standardized tests) that would not
be acceptable to cognitive researchers. On the other hand, re-
searchers with a cognitive orientation ofien ignore affect or
treat the issue in a cavalier manner, using inappropriate instru-
ments that happen to be convenient. Efforts to encourage the
two groups of researchers to work together are just beginning,
but the results have been encouraging so far (McLeod & Adams,
1989).

There are a number of research questions where collab-
oration of researchers with different perspectives is needed.
For example, the cognitive and affective domains intersect in
the area of beliefs (Schoenfeld, 1985), and researchers need
to work together to map out this area more clearly, relar-
ing various beliefs to the cognitive processes of learners and
teachers. This chapter has suggested one way of organizing
research on beliefs in mathematics education, but more de-
tailed and contrasting analyses are needed. Similarly, the do-
mains of attitudes and emotions in the context of mathemat-
ics education need 10 be analyzed and clarified in order for
research to proceed in an orderly fashion. Recent theoretical
advances (Mandler, 1984; Crrony et al,, 1988) should provide
some help in this effort, particularly in determining how early
emotional responses may be the source of Jater attirudes toward
mathematics.
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Another research topic of special importance is the rela-
tionship of affective responses to the development of higher-

order thinking skills. Current efforts at curriculum reform place

special emphasis on solving nonroutine problems, on apply-
ing mathematics in new situations, and on communication re-
garding mathematical problems. The novelty (as well as the
difficulty) of such changes in the curriculum will cause more
intense affective reactions for many students and teachers; re-
search that investigates these more intense emotional responses
is particularly important if the reform movement is to succeed.
Those responsible for the changes In the mathematics curricu-
lum during the 1950s and 1960s expected students and teach-
ers to respond as enthusiastically to mathematical abstractions
as mathematicians did; those involved in the current reform
movement need to know more about the affective implications
of the proposed changes for students and teachers, particularly
those who think of themselves as being outside the mathemat-
ics community.

Another area where research on affect is particularly needed
is in studies of the uses of technology to support mathemat-
ics instruction. The rapid improvements in technological sup-
port for mathematics education are leading to changes in the
organization of classrooms and the definition of mathemarical
tasks. The advent of graphing calculators and symbol manipu-

lation systems, for example, should eventually result in signif- .
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