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ABSTRACT 

This thesis investigated negative attitudes towards mathematics and, in 

particular, mathematics anxiety. Studies 1 and 2 were based on first year 

university student samples while the subjects in Study 3 were high school 

pupils. These studies obtained data about levels of mathematics anxiety, the 

factor structure of a mathematics anxiety scale, the Revised Mathematics 

Anxiety Rating Scale (RMARS), and the relationship among mathematics 

anxiety, other anxiety measures and the cognitions of subjects before and after 

a mathematics task. It was found that there were two major dimensions to 

mathematics anxiety; anxiety about learning mathematics and anxiety about 

mathematics tests. Scores on the RMARS were not high in any of the three 

samples. Multivariate analyses indicated that both affective reactions and 

cognitions, which were obtained by thought-listing and cognitive checklist, 

contributed to mathematics anxiety, with cognitions being particularly 

important determinants for females. The first three studies suggested that 

students' concerns about mathematics may involve negative feelings other 

than anxiety. Accordingly, Studies 4 and 5 took a broader perspective and 

examined more generalized negative mathematics attitudes. The Repertory 

Grid Technique was used in both of these later studies and yielded individual 

profiles of attitudes from both university and high school students. An 

important finding from the five studies was that negative mathematics 

attitudes, including mathematics anxiety, consisted of both affective and 

cognitive components. was concluded that students with negative 

mathematics attitudes may not necessarily be mathematics anxious. It was 

suggested that it may be desirable to assess negative mathematics attitudes on 

an individual basis, for which purpose the Repertory Grid is a suitable 

instrument. 



Chapter 1. 

LITERATURE REVIEW. 

Mathematics is a subject which elicits many different attitudes and feelings. 

Among these attitudes are general feelings towards the subject, such as liking 

or enjoyment, and more specific attitudes such as confidence and anxiety. 

There is a considerable body of studies which examines attitudes towards 

mathematics, one of the earliest reviews being that by Feierabend (1960, in 

Aiken, 1970) A marked increase in the number of articles and dissertations in 

the ten years following Feierabend's report provided the stimulus for a 

reappraisal by Aiken (1970). One of Aiken's main concerns in his 1970 review 

appeared to be that of negative attitudes towards mathematics. He noted that 

although school failure in 

arithmetic and mathematics may have decreased somewhat in the last 

fifty years, it is debatable whether modern curricula have fostered more 

positive attitudes towards the subjects (Aiken, 1970, p. 551). 

Aiken went on to say that it was necessary to find out how general these 

negative attitudes were, what caused them and what could be done to change 

them. 

Aiken's 1970 summary was followed by a further review in 1976. In both 

summaries he reviewed research into the mathematics attitudes of North 

American students from primary school through to university. He also 

presented summaries of research into the relationship between attitudes 

towards mathematics and mathematics achievement, mathematics attitudes 

and personality and social factors (including anxiety and gender differences), 

and mathematics attitudes and teachers' characteristics, attitudes and 

methods of instruction. 
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It would seem, from Aiken's (1970, 1976) reviews and from other studies, that 

research into attitudes to mathematics has had a number of different foci. 

Sometimes the focus has been on the effect that a given attitude has on 

students' mathematics-related behaviour, such as mathematics performance 

or the taking of additional mathematics courses. In other instances the focus 

has been on how certain behaviours, such as teacher techniques and attitudes 

and the attitudes and behaviour of parents and/or peers affect students' 

attitudes towards mathematics. Still other studies have looked at correlations 

between mathematics attitudes and personality variables of students. 

Research into attitudes towards mathematics has often reported conflicting 

findings. According to Aiken's reviews (Aiken, 1970, 1976), research has 

found generally low but statistically significant correlations between attitudes 

towards mathematics and mathematics achievement at all levels of 

mathematics education. Some studies have failed to find significant gender 

differences in attitudes. However, where significant differences have been 

reported they generally favour males. For example, Llabre and Suarez (1985) 

found significantly more mathematics anxiety among female university 

students than among males. In another sample from an undergraduate 

university population, Betz and Hackett (1983) found that males reported 

significantly greater feelings of mathematics-related self-efficacy than did 

females. 

A rew,ew article by Reyes (1984) addressed similar issues to those covered by 

Aiken (1970, 1976). Reyes concentrated on affective variables and 

mathematics education, where affective refers to students' feelings about 

mathematics, aspects of mathematics classes, or about learning mathematics. 

The affective variables covered by Reyes included mathematics self

confidence, attributions of success and failure, the perceived usefulness of 

mathematics and mathematics anxiety. Reyes concluded that research had 

2 



shown a relatively strong positive relationship between mathematics self

confidence and mathematics achievement. 

3 

None of the research that Reyes (1984) reviewed found a causal link between 

self-confidence and achievement. In addition, the possible effects of 

mathematics achievement on confidence in learning mathematics has still 

not been explored. As far as attributions are concerned, it appears that males 

attribute success in mathematics to ability more often than do females, who 

in turn attribute success to effort. In the case of failure, females tend to make 

attributions of lack of ability and task difficulty more frequently than do 

males. (Wolleat, Pedro, Becker & Fennema, 1980). 

Affective reactions to mathematics have been measured in a number of ways. 

Information about the emotional component of mathematics attitudes has 

been obtained by measuring autonomic responses (Dreger & Aiken, 1957) 

Projective measures of attitudes have also been used (Nealeigh, 1967, in 

Aiken, 1970). Interviews, questionnaires and observation of behaviour are 

other techniques for measuring attitudes towards mathematics. By far the 

most common measures are attitude scales. There is a wide range of different 

attitude scaling techniques, most of which have been used in the 

measurement of attitudes towards mathematics at some time or another. 

Instruments based on Likert's (1970) method of summated ratings appear to 

be the most frequently used type of measure. Examples of this type of scale 

for assessing attitudes towards mathematics include those of Aiken (1974) and 

Sandman (1979). Thurstone scales, which use the method of equal appearing 

intervals, are less frequently used than are Likert scales. One example of a 

Thurstone scale is Dutton's (1951) scale to measure the mathematics attitudes 

of prospective teachers of arithmetic. A case has also been argued for the use 

of the semantic differential by Schibeci (1982) who claimed that this type of 



4 

had the advantages of both brevity and replication. Finally, Guttman 

scalogram methods have occasionally been used to investigate mathematics 

attitudes, for example by Antonnen (1968, in Aiken, 1970). Comparative 

studies of Likert, Guttman, Thurstone and Semantic Differential measures of 

arithmetic attitudes by Mastantuono (1971) and (1972), both cited in 

Aiken (1976), have found that the Likert and Guttman measures performed 

best in terms of test-retest reliability and in terms of the variance they 

accounted for in the prediction of mathematics grades. 

Some of the attitude measures mentioned in preceding paragraphs have been 

used to assess mathematics attitudes in general while others have focussed 

on one or more specific attitudes. It is unlikely that there is any general or 

specific attitude towards mathematics for which some sort of scale has not 

been devised. The following sample of studies gives an indication of the 

range of scales which have been developed. Fennema and Sherman (1976) 

devised a series of scales to measure attitudes to success in mathematics, 

mathematics as a male domain, mother's and father's attitudes to a student's 

mathematics ability, teachers' attitudes to a student's mathematics ability, 

confidence in learning mathematics, mathematics usefulness, mathematics 

anxiety and effectance motivation in mathematics. A similar inventory by 

Sandman (1979) measured mathematics anxiety, perceptions of mathematics 

teachers, the value of mathematics in society, self-concept in mathematics, 

enjoyment of mathematics and motivation in mathematics. Gourgey (1984) 

is another researcher to produce a mathematics self-concept scale. An 

instrument to measure a related concept, self-efficacy, was devised by Betz 

and Hackett (1983) and consisted of subscales which measured respondents' 

beliefs about their ability to perform successfully on everyday mathematics 

tasks, in mathematics courses and on mathematics problems. 
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(1970) criticised mathematics attitude research on the grounds that 

crude measures of attitudes had been used, that there had been excessive 

reliance on correlational methods, that there had been improper use of 

covariance analysis, and inadequate control of extraneous variables and a 

failure to use adequate measures of change in attitudinal, achievement or 

other variables. He also pointed out that although studies had been made of 

attitudes of students from all eduationallevels, few of these studies had been 

longitudinal. Six years later Aiken (1976) noted that there had been a slight 

improvement in the quality of mathematics attitude research. However, he 

was still critical of the number of unstandardised attitude scales and of the 

number of researchers who were not familiar with the utility of multivariate 

analyses. Reyes (1984) pointed out that researchers often did not give clear 

definitions of the affective variable under study. In addition, researchers 

failed to examine the large bodies of relevant attitudinal, psychological or test 

anxiety literature. The other major short-coming of the research in this area 

was that so much of it had no theoretical rationale. Unfortunately, these 

criticisms are still valid today. The research reported in Chapters Three, Four, 

Five, Seven and Eight will be discussed in the light of these criticisms. 

One of the attitudes and the one which has received most research attention 

is mathematics anxiety, which has sometimes been viewed simply as a 

negative feeling towards the subject. Another perspective, which considers 

more than just the affective component, is to view mathematics anxiety as an 

example of a negative attitude to mathematics. Within this framework 

mathematics anxiety is seen as a relatively stable combination of feelings, 

beliefs and behaviour tendencies (Rosenberg Hovland, 1960). Interest in 

mathematics anxiety has been particularly evident during the last 15 or 20 

years and has grown out of the mathematics attitude literature. The balance 

of this chapter focusses directly on mathematics anxiety and reviews in tum 

studies dealing with definition, theoretical considerations, measurement of 



this particular attitude, its incidence, its relationship to other variables and 

relevant treatment programmes. 

Anxiety. 

Of the wide range of affective variables related to mathematics, mathematics 

anxiety has probably been the most active area of research and remediation 

over the last twenty years. Most of the research into mathematics anxiety 

appears to have taken place since 1970, even though the existence of the 

problem was acknowledged much earlier (Dreger & Aiken, 1957; Gough, 1954, 

in Aiken & Dreger, 1961). The growth of interest in attitudinal variables and 

mathematics noted by Aiken in 1970 and 1976 has continued in the 

mathematics anxiety field through to the present time. A computer search of 

the ERIC database (journal articles, dissertations, conference papers) over the 

period 1970-1985 yielded 288 items, a publication rate of 18 per year. In the 

slightly more than five years from January 1986 to March 1991, the 

publication rate rose to almost 28 per year. There has been an even more 

marked increase in mathematics anxiety publications in psychology 

(PSYCINFO) with a more than three fold increase from the six per year rate 

during 1970-1985 to 21 per year in the 1986-1991 period. Almost all 

mathematics anxiety publications have been publications in either education 

or psychology. The mathematics and science literature search (MATHSCI) 

yielded only one article in the 1970-1985 period and three others from 1986 to 

1991. 

There was a proliferation of anxiety studies as a result of the landmark 

publications of May, Mowrer, Hoch and Zubin, and Dollard and Miller in 

6 



1950, although Freud had identified "angst" as a discrete clinical syndrome as 

early as 1895 (Cambre & Cook, 1985). Test anxiety and mathematics anxiety 

were among the different types of anxiety being studied in the 1950's and 

since that time mathematics anxiety research has grown in parallel with, 

although lagging slightly behind, research in the field of test anxiety. 

In spite of an apparently close relationship between mathematics anxiety and 

test anxiety there has been less cross-fertilisation between these two fields 

than would be expected. Of the many researchers into test anxiety only Suinn 

(1970, 1971, 1972, 1982, 1988) and Richardson (1972, 1973, 1980) appear to have 

shown a consistent interest in mathematics anxiety. In addition, 

mathematics anxiety researchers often seem to be unaware of the mass of test 

anxiety research, which is surprising as it would surely be useful to consider 

the possibility of parallels between the two areas. For example the theoretical 

bases which underpin test anxiety, such as Wine's (1980) cognitive

attentional theory of test anxiety, might also be applicable to mathematics 

anxiety. If, as Hembree (1990) has suggested, test anxiety theory is applicable 

to mathematics anxiety, some of the techniques used to treat test anxiety, such 

as modelling (Rosenthal, 1980) and cognitive restructuring (Meichenbaum, 

1977) might also provide useful in the treatment of mathematics anxiety. 

1.1.2. Definitions of Mathematics Anxiety. 

While there are many definitions of mathematics anxiety, the most 

frequently quoted is probably that of Richardson and Suinn (1972) who 

described mathematics anxiety as 

feelings of tension and anxiety that interefere with the manipulation of 

numbers and the solving of mathematical problems in a wide variety of 

ordinary life and academic situations (p. 551). 
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Richardson & Woolfolk (1980) noted that mathematics anxiety appeared 

to be a reaction to mathematical content, to some of its distinctive 

features as an intellectual activity and its connotative meanings for 

many persons in our society as well as reaction to the evaluative form 

of mathematics tests and problem-solving activities (p. 272). 

For Brush (1980), mathematics anxiety is 

an extreme negative reaction in the face of mathematics classes and 

assignments which results in discomfort and may also cause 

restlessness and irritability (p. 13). 

Lazarus (1974) classed these negative reactions to mathematics as phobic. 

Mathophobic students are likely to avoid mathematics whenever possible 

and to experience unpleasant physiological responses such as increased heart 

rate and sweating palms at the thought of doing mathematics. According to 

Lazarus mathophobia is an irrational dread of mathematics. A mathophobic 

person is someone who 

strongly dislikes math m school, goes out of his way to avoid doing it, 

regards math as a sort of cabilistic mystery beyond his access or 

comprehension, or speaks openly of his aversion to it (Lazarus, 1974, p. 

52). 

On a slightly more optimistic note, Lazarus has pointed out that many 

mathophobes are comfortable with some mathematics and onI y a few detest 

all of it. 

Other writers have also stressed the physical effects of the problem. Tobias 

and Weissbrod (1980, p. 65) used the term 'mathematics anxiety' to 

describe the panic, helplessness, paralysis, and mental disorganisation 

that arises among some people when they are required to solve a 

mathematical problem. 
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Kogelman, Forman and Asch (1981, in Sachs, 1982) have also mentioned a 

number of physical correlates of mathematics anxiety and have said that, in 

their experience, physical responses to mathematics were both common and 

severe. 

If the various definitions of mathematics anxiety are considered carefully, it is 

clear that they are seldom helpful in operationalising the construct. In some 

cases a definition will focus on the physiological aspects of the phenomenon 

while others stress the cognitive or emotional aspects. A close examination 

of mathematics anxiety definitions shows that any comprehensive model or 

theory of mathematics anxiety is likely to need to take into account a number 

of different aspects. An additional complication has been raised by Robertson 

and Claesgens (1983), who cautioned that a person's experience of 

mathematics anxiety was likely to be uniquely their own and, therefore, that 

definitions of mathematics anxiety may not apply equally to all individuals. 

It is probable that mathematics anxiety ranges from mild feelings of unease 

about mathematics, or some particular aspect of it, to extreme aversive 

reactions to anything even remotely concerned with numbers. While 

physical symptoms such as sweating palms and an elevated heart rate will be 

part of a severe case of mathematics anxiety, such symptoms are unlikely to 

be present in milder cases. Thus it appears that none of the foregoing 

definitions is completely adequate although each may be differentially 

appropriate. For different people, and in different situations, mathematics 

anxiety may range from feelings of tension (Richardson & Suinn, 1972) to 

extreme negative reaction (Brush, 1980) and dread (Lazarus, 1974). 

9 
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1.2. Theoretical Considerations. 

There is a noticeable lack of any clear theoretical basis for mathematics 

anxiety, in either the research or the treatment literature. Reyes (1980, 1984) 

and Hembree (1990) are two authors who make explicit comments about this 

lack of any theoretical foundation for mathematics anxiety research and 

interventions. However there are a number of theories which might be 

applicable, these being general anxiety theories and theories taken from the 

field of test anxiety. 

1.2.1. Theories of Anxiety. 

Earlier anxiety theories viewed anxiety as an entity or single system. On the 

basis of such a view a single measure should be an adequate predictor of 

anxiety responses in any situation. One such theory is drive theory, which 

focuses on emotional reactivity. Drive theory assumes that aversive stimuli 

arouse a hypothetical emotional response that contributes to drive level 

(Heinrich & Spielberger, 1982). Responses in any given situation are said to 

be a function of the strength of correct responses or habit strength multipled 

by drive level. Cloninger (1988) claimed that theories which have attempted 

to explain anxiety in terms of a single dimension, such as drive theory, do not 

adequately explain anxiety. 

Concern about the drive effects of anxiety on learning and performance led 

Spielberger (1966) to extend drive theory by taking into account both the 

difficulty of the task and the ability of the subject. He also claimed that an 

adequate theory of anxiety needed to distinguish between anxiety as a 

transitory state and as a relatively stable personality characteristic or trait. 

According to Spielberger's Trait-State Anxiety Theory (Spielberger, 1966) 



1 1 

people who are high in trait anxiety are likely to see more situations as 

threatening than people who are low in trait anxiety. trait anxious 

people are also likely to respond to threatening situations with more state 

anxiety than are people with low trait anxiety. Shedletsky and Endler (1974) 

believed that trait anxiety was a more complex construct than was suggested 

by Spielberger. proposed a person by situation interaction model of 

anxiety which considered trait anxiety as multidimensional rather than 

unidimensional. Shedletsky and Endler argued that trait anxiety should be 

viewed as encompassing two other types of situations, threats of physical 

danger and ambiguous situations, in addition to the threats to self-esteem or 

personal adequacy suggested by Spielberger. 

By the 1970s the more simplistic approaches to fear and anxiety, such as the 

drive approach and Mowrer's (1939, in Rachman, 1976) two stage theory, were 

criticised by Lang (1971) and Rachman (1976), who both advocated a Three 

Systems Model. Lang noted that researchers had hoped for a simple 

relationship between a single autonomic measure and psychological 

constructs such as anxiety. However, it had soon become apparent that an 

increase in skin conductance, for example, was not the same as anxiety or 

drive. Neither was there a simple or fixed relationship between skin 

conductance and anxiety or drive (Lang, 1971). Last and Hersen (1988) 

consider it is now common to consider anxiety as a composite of three 

different response channels, the verbal-cognitive, the behavior-motoric and 

the psychophysiological. The three components are seen as distinct systems, 

each being separately shaped by environmental contingencies, and described 

by Lang (1971) as being not only highly interactive but also partially 

independent. Rachman (1976) noted that the three components could "co

vary, vary inversely or vary independently" (p. 128). 



12 

While the ;tb;ree1jY/?jtmns mod~l should be a promising advance for anxiety 
-T -- - ---

theory, there are difficulties in the measurement of at least one of the 

components. Although Hugdahl (1981) has said that there are highly reliable 

and valid measures of the physiological element, Last & Hersen (1988) 

question the validity of measures of both the physiological and behavioural 

systems. Unfortunately the term "cognitive component" may refer to the 

label a subject gives to his or her autonomic arousal, to worry about an 

anxiety provoking event or to the thinking style of a phobic subject (Hugdahl, 

1981). Last and Hersen have pointed out that the lack of concordance between 

the different response systems is at least partly a function of methodological 

inadequacies associated with the measurement of the different "channels". 

Without reliable and valid measures for all three components, the 

relationships among them and their contributions to the anxiety state of any 

given subject remain in question. 

1.2.2. Test Anxiety Theories. 

Test anxiety research studies the anxiety elicited by evaluative situations such 

as those involved in classroom tests and school examinations. Wine (1980) 

pointed out that the characteristic focus of the earlier test anxiety literature 

and theory was an emotional reactivity approach based on drive theory. It 

was proposed that task-irrelevant responses were what differentiated high 

and low test-anxious people with these task-irrelevant responses being 

elicited by an anxiety drive. It was also generally assumed that anxiety 

invariably interfered with test performance. One notable exception was that 

of Alpert and Haber (1960) who suggested that for some students anxiety 

might be debilitating, as when nervousness hinders performance on a test. 

For other students elements of the test situation may facilitate performance if, 

for example, they are able to work more effectively under pressure. Alpert 
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and Haber devised scales to measure these two constructs of facilitating and 

debilitating anxiety. The theoretical assumptions of earlier test anxiety 

theories are similar to those of the Trait-State Anxiety Theory which also 

views worry or interfering cognitions as being activated by State anxiety or 

drive. 

A rather different perspective on test anxiety is given by Liebert and Morris' 

(1967) Two-Component Test Anxiety Theory. Liebert and Morris countered 

the approach to test anxiety as a uniform condition and devised measures for 

both worry and emotionality. Emotionality refers to self-perceived 

physiological arousal and worry is marked by cognitive concern about 

performance. Deffenbacher (1980) reported that correlations between these 

two components ranged from r. = .55 to r. = .76. In spite of these correlations 

Deffenbacher claimed that the distinction between the two components was 

not invalidated by these correlations with research showing that worry is the 

more important variable of the two. Emotionality is assumed to have a more 

transient character and to be high only during the testing period. Worry, on 

the other hand, is seen as being a more stable set of cognitive responses to 

evaluative cues. While emotionality does not appear to be consistently 

related to performance, worry consistently relates negatively to performance 

expectations and to test performance. Drive-based test anxiety theories and 

the thevl'o/! view task irrelevant responses as being elicited 

by an anxiety drive or by elevations in State anxiety. In contrast, Liebert and 

Morris' (1967) concept of test anxiety sees worry and emotionality as being 

separate response classes, with worry being the more important variable. 

It might appear that the Liebert and Morris (1967) two component theory of 

test anxiety is really an attempt to quantify two of the three components of 

anxiety proposed by Lang (1971) and Rachman (1976). However, Deffenbacher 

(1980) cautioned that self-reported emotionality and physiological arousal 
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should not be assumed to be the same thing. Morris and Liebert (1970) 

obtained a significant correlation (r = .27, l2. ::;;.05) between emotionality and 

physiological arousal, as measured by heart rate, from a sample of 95 

introductory psychology students but not from 91 senior high school pupils. 

Morris and Liebert believed that it might be possible that physiological 

measures of anxiety might represent a third component of the construct of 

test anxiety. More recently, Deffenbacher has noted that 

emotionality may relate more to the degree of awareness or attention 

paid to affective-autonomic arousal rather than to the level of arousal 

per se (1980, p. 123). 

Theoretical perspectives in test anxiety have moved from an emotional 

reactivity focus to the recognition of both the emotional and the cognitive 

components and, most recently, to theories which emphasise the cognitive 

factor. Bruch (1981) has claimed that there is evidence that cognitive

attentional factors are more central to test anxiety than physiological arousal 

or, presumably, self-reported emotionality. Cognitive theories or models of 

test anxiety direct attention to what an individual is thinking about when 

confronted with a stressful evaluative situation (Sarason, 1980). More 

specifically, test anxious people are believed to have a much higher frequency 

of negative cognitions, particularly relative to their own ability and the 

likelihood of success on any evaluative task. Theoretical models with a 

cognitive focus have been proposed by Meichenbaum and Butler (1980), 

Sarason (1975) and Wine (1980, 1982). The common aspects among these 

models are the dysfunctional attitudes about academic evaluation and the 

attentional focus on negative self-statements which are said to be 

characteristic of high test-anxious students. The test performance of this 

group of students is believed to suffer because they divide their attention 

between self-relevant and task-relevant thoughts (Wine, 1980). 
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While cognitive-attentional test anxiety theorists neither deny nor entirely 

ignore the existence of physiological responses in test anxiety, their emphasis 

is very definitely on the cognitive aspects of the phenomenon. 

Meichenbaum and Butler (1980) acknowledge that physiological responses 

accompany cognitions in all subjects but suggest that these affective responses 

evoke different cognitions in high test anxious and low test anxious students. 

Wine (1980) places physiological responses in a more peripheral position and, 

if she considers them at all, does so only as a response to cognitions. 

Dweck and Wortman (1982) have suggested that cognitive theories of test 

anxiety may have their limitations. It might be that what is being measured 

is a poor self-evaluation factor rather than the cognitive or worry factor of test 

anxiety. Dweck and Wortman noted that it was imperative that questions 

about the nature of the construct of anxiety and its operationalisation were 

addressed promptly. They also questioned whether anxiety predicted self

focused cognitions. Only the cognitive, or worry, component of anxiety has 

been shown to be consistently related to performance. As this component 

asks specifically about self-preoccupation they believed that it was more 

accurate to say that anxiety was self-preoccupation (Dweck & Wortman, 

1982). 

Cognitive test anxiety theories may have a further limitation. Researchers 

have not investigated other cognitive variables, such as study methods and 

test-taking strategies, which might contribute to test anxiety (Bruch, 1981). 

Bruch found that both high and moderate test anxious subjects were 

significantly less knowledgeable about effective problem-solving strategies 

than were low test anxious subjects. The need to consider other factors as 

well as maladaptive cognitions has also been addressed by Meichenbaum and 

Butler (1980), whose four-component model includes covert self-statements, 

cognitive structures, problem solving skills and reactions to the test taking 
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situation. A test of Meichenbaum and Butler's model by Bruch, Juster and 

Kaflowitz (1983) found that internal dialogue, or talking to oneself, during a 

test was significantly related to test anxiety level but not to test performance. 

On the other hand, test taking strategies had significant effects on 

performance in both multichoice and essay tests. Similar results were 

obtained by Brown and Nelson (1983) who found that test anxiety related to 

cognitive and somatic measures while performance (grade point average) 

related to study and test-taking skills. Bruch et al. concluded that current 

aognUi\1\e,.,behavioutal approaches may be too limited and that negative self-

statements might be better viewed as effects of lower ability rather than as 

ca uses of poor performance. 

In spite of 35 years of research, test anxiety remains, according to Hembree 

(1988, p. 48), "a construct in search of identity". Although cognitive theories 

have become popular recently, there is no single widely accepted theory of 

test anxiety. Hembree makes a distinction between theories based on an 

interference model and those with a deficit base. 'Interference' test anxiety 

theories assert that either emotionality or worry (or some combination of 

both) or drive or state anxiety disturbs recall and disrupts performance. 

'Deficit' theories, on the other hand, suggest that the cause of poor test 

performance is a lack of study or test taking skills rather than test anxiety. 

Hembree reported that his meta-analysis of test anxiety research indicated 

that test anxiety was not reduced by purely cognitive treatment. Behavioural 

treatments such as systematic desensitisation were more effective and 

reduced both the emotionality and the worry components of test anxiety. 

From this, Hembree (1988) concluded that test anxiety seemed to be a 

behavioural construct. 
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Mathematics Anxiety 

If test anxiety theory is still fragmented, the situation with mathematics 

anxiety theory is even worse. Most of the mathematics anxiety literature 

appears to have no theoretical base at all. The implicit theoretical 

assumption underlying of the research seems to be some sort of 

emotionality or drive approach. number of writers dearly favour a 

physiological approach to understanding mathematics anxiety and 

concentrate on the physical symptoms of the disorder (Ben-Jacob, 1986; 

Hadfield & Maddux, 1988; Posamentier & Stepelman, 1981). Many of the 

measures of mathematics anxiety, which are reviewed later, follow the same 

tradition as they are primarily measures of negative affective reactions. 

It might be tempting to assume that there are sufficient similarities between 

mathematics anxiety and test anxiety to allow theories to be transferred from 

the one to the other. Although Richardson and Woolfolk (1980) have 

claimed that mathematics anxiety can be viewed as a form of test anxiety, few 

researchers have systematically investigated the applicability of any test 

anxiety theories to mathematics anxiety. What little research there has been 

has yielded conflicting findings. Fulkerson, Galassi and Galassi (1984) tested 

cognitive interference theory by using two methods of assessing subjects' 

cognitions while they solved mathematics problems of varying difficulty. 

They found that cognitions did not vary as a function of either mathematics 

anxiety or gender. On the other hand, Hunsley (1987) found that a cognitive 

theory of test anxiety was generally applicable to mathematics anxiety with 

mathematics anxiety strongly related to frequent negative thoughts. 

However, mathematics anxiety was found to be more than just a form of test 

anxiety in that a number of other variables, including subjective ratings of 

exam importance, postexam performance estimations and ratings of 
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performance satisfaction were related to mathematics anxiety but not to test 

anxiety (Hunsley, 1987). 

Some support for a two factor theory of mathematics anxiety has been 

provided by Wigfield and Meece (1988), who found evidence for both an 

affective and a cognitive component from their samples of upper level 

primary and high school children. Affective reactions showed a stronger 

negative correlation with mathematics performance than did worry, which is 

contrary to the findings for Liebert and Morris' (1967) Two-component Test 

Theory. In the Wigfield and Meece (1988) study, worry related more strongly 

and positively to reported effort than did the affective component. 

Hembree (1990) has concluded from his meta-analysis of the mathematics 

anxiety literature that researchers of mathematics anxiety have been wise in 

adopting test anxiety theory as a base for mathematics anxiety and that 

mathematics anxiety appears to be a learned condition more behavioural 

than cognitive in nature. It should be noted that Hembree uses the term 

'behavioural' to refer to the emotional component of mathematics and test 

anxiety. Hembree's (1990) claim is problematic in that it suggests that there is 

a single theoretical base for mathematics anxiety, which is not consistent with 

the balance of evidence at the present time. The theoretical bases of some 

more recent mathematics anxiety studies include mathematics anxiety as an 

emotional condition (Cope, 1988), expectancy/value theory (Meece, Wigfield 

& Eccles, 1990), cognitive theory (Hunsley, 1987) or, more commonly, none 

(Cliner, 1987; Kagan, 1987; Lindbeck & Darnbrot, 1986). The repudiation of the 

cognitive component may be a little premature and could have much to do 

with the predominantly affective nature of the mathematics anxiety 

measures which researchers use. 
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It seems then that there are a number of existing theoretical perspectives 

which might be applicable to mathematics anxiety~ It might be best explained 

as some form of drive or emotional reactivity. It may consist of both 

emotional and cognitive components. Theories which include cognitive 

components such as Wine's (1982) cognitive-attentional theory may be more 

appropriate. Mathematics theory may need to consider a range of 

variables such as the internal dialogue, cognitions and mathematics and test 

taking skills suggested by Meichenbaum and Butler (1980) and Bruch (1981). 

There have also been at least two attempts to build models of mathematics 

anxiety (Buxton, 1981 and Byrd, 1982, cited in Reyes, 1984), both of which 

provide the beginning of a theoretical foundation for mathematics anxiety. 

There is insufficient evidence to support the acceptance of anyone theory 

rather than any other. This thesis will explore the relationship of both 

emotionality and cognitions to mathematics anxiety. These relationships, 

and the theoretical ramifications of them, will be discussed in the appropriate 

sections of following chapters. 

1.3. Measurement of Mathematics 

Many different scales have been designed to measure mathematics anxiety. 

The most frequently used, and the one with the most psychometric support, 

is the Mathematics Anxiety Rating Scale or MARS (Richardson & 

Suinn,1972). Details of this scale and its d~l1v~b~~~i?~:rlit::~i!fIr~n;i~n~~E~4il~~n 

number of researchers have examined the possibility that the MARS may 

consist of a number of separate factors and these studies are summarised in 

section 1.3.2. Other measures of mathematics anxiety are presented in section 
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nJl.."',. .... , ............ ,. ...... "" Anxiety Rating Scale. 

The most well known and widely used measure of mathematics anxiety the 

Mathematics Anxiety Rating Scale. This scale was constructed by Richardson 

and Suinn (1972) to provide a measure of the anxiety which was associated 

with working with and using mathematical concepts. The rationale 

for the construction of the scale was Endler and Hunt's (1966) finding that 

specific anxiety .,"''',A~O have higher predictive value for relevant situations 

than tests with more diverse content. 

The Mathematics Anxiety Rating (MARS) is, in its original version, a 98 

item scale composed of brief descriptions of a wide variety of mathematical 

situations. These situations include everyday mathematics calculations such 

as giving change and working out expenses, and aspects of mathematics 

classes such as listening to lectures, reading mathematics textbooks and taking 

mathematics tests. The scale is self-administered, with respondents marking 

one of five boxes which indicate what level of anxiety would be experienced 

for each item, ranging from "not at all" to"very much". Normative data for 

the MARS were obtained from 397 first and second year students at an 

American university. Of this sample, about 80% was female. Test-retest 

reliability was found to be r ::::: .85 after seven weeks. Internal consistency was 

reported as r == .97, from which it was concluded that the test items were 

"heavily dominated by a single homogeneous factor, presumably 

mathematics anxiety" (Richardson & Suinn, 1972, p. 553). 

Evidence for the validity of the MARS was obtained from three studies in 

which MARS scores showed significant decreases after therapy for 

mathematics anxiety (Richardson & Suinn, 1971, in Richardson Suinn, 

1972; Suinn, Edie & Spinelli, 1970; Suinn & Richardson, 1971). The first study 

included a no-treatment control group and found that the scores of 
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these subjects did not show a significant decline at post-testing (Richardson 

Suinn, 1971, in Richardson Suinn, 1972). Another validity study used 30 

members of an undergraduate psychology class consisting of about equal 

numbers of males and (Richardson & Suinn, 1972). In this study, 

scores on the MARS and the Numerical Ability Test from the Differential 

Aptitude Tests (DAT), a of numerical problems ranging in difficulty from 

simple to complex, were found to to be negatively correlated, r. -.64, ::;;.Ol. 

Suinn, Edie, Nicoletti and Spinelli (1972), using a larger sample of 119 

students, found a rather lower correlation of r. ::::: -.35, 12. ::;;.05 between the same 

two measures. Richardson and Suinn (1972) argued that as high anxiety 

interfered with performance, and poor performance produced anxiety, the 

results provided evidence that the MARS measured mathematics anxiety. 

Some additional validity data on the MARS was reported in Brush (1978) 

who found that the MARS was successful in differentiating among students 

taking different majors. There were also differences in MARS scores among 

those groups that had chosen to take optional mathematics classes at high 

school or university and those who had chosen not to take such classes. 

Brush also reported that there were highly significant correlations between 

the MARS and measures of dislike of mathematics, with measures of 

mathematics performance and with test anxiety. 

Dew, Galassi & Galassi (1983) provided further information about the 

reliability of the MARS. Using a sample of 769 university students, the 

MARS was found to have an internal consistency of r :::: .96. Two week test

retest reliability, obtained from a subsample of 125 women and 30 men, was 

r. = .87, with reliability being higher for men (r .95) than for women <r::: .86). 

In a critique of the MARS which summarised the available psychometric 

data LIabre (1984) described the scale as the best measure of mathematics 

anxiety available at that time. 
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versions of the MARS have been developed for high school students 

(MARS-A; Suinn & Edwards, 1982) and for primary (elementary) school 

students (MARS-Ei Suinn, Taylor & Edwards, 1988). The is a 

revised, 98 i tern, version of the MARS with some changes in wording or the 

substitution of new items suitable for adolescents. Close examination of the 

two scales shows that there are few differences nc,,,,,,,,,;.,;.>.., them. Only 15 of the 

items in the MARS-A are new and most of the other changes mainly 

semantic, for example changing the word "calculating" to "figuring out ". 

Using a sample of 1,313 high school students, Suinn and Edwards (1982) 

found that the Spearman-Brown split-half reliability coefficient for the 

MARS-A was r. ::= .90 and the internal consistency (coefficient alpha) was 

a :::: .96. They argued that, as there was evidence that mathematics anxiety was 

predictive of low performance in mathematics, high and low MARS-A scores 

should be associated with different grades in mathematics courses. The 

results of their study supported this hypothesis and were interpreted as giving 

some evidence for the construct validity of the scale. Further evidence for the 

construct validity of the MARS-A was reported by Saigh and Khouri (1983) 

who translated the MARS-A into Arabic for use with Lebanese high school 

children. They reported that the correlations between mathematics grades 

and the MARS-A for 73 males and 60 females were r = -.48 and r :::: -.38, 

respectively. 

The MARS-E consists of 26 items which were measure the amount of anxiety 

experienced by children in mathematics situations (Suinn, Taylor & Edwards, 

1988). As with both the MARS and the MARS-A, the response scale for the 

MARS-E is of the five point Likert-type. Psychometric data were obtained 

from a large sample of over 1,000 primary school children. Evidence of 

construct validity was obtained by finding a significant correlation, 

between scores on the .I.v.u; ........ ..1 ..... and scores on the Stanford Achievement 
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using Cronbach's alpha. 

Richardson and Woolfolk (1980) are 
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was estimated at a = .88, 

who have found the full 98 

item MARS to be cumbersome time-consuming. An item analysis 

yielded a 40 item version of the scale which they presumed to be as reliable, 

stable and valid as the original although no data were given in 

support of this claim. Plake and Parker (1982) also devised a shorter version 

of the MARS which they called the Revised Mathematics Anxiety Rating 

Scale (RMARS). They selected a subset of 24 items from the MARS to 

measure the mathematics anxiety of students in statistics courses. 

Psychometric data for the RMARS were obtained from 170 first year 

university students. Internal consistency (Cronbach's alpha) was found to be 

ex = .98, with a correlation between the RMARS and the full MARS of!.:= .97. 

Non-significant correlations with Alpert and Haber's (1960) Achievement 

Anxiety Test of r. := with the facilitating subscale and!. = .00 with the 

debilitating subscale were cited as evidence of the validity of the scale. So, 

also, were significant correlations between the RMARS and both the State 

Anxiety <r := .52,12. .s;.001) and Trait Anxiety <r = .51, l? .s; .001) scales of the State 

Trait Anxiety Inventory (Spielberger, Gorsuch & Lushene, 1970). A 

correlation of r. was obtained between the RMARS and mathematics 

performance as measured by the Mathematics Achievement Test (MAT). 

The RMARS was used by Chiu and Henry (1990) as the basis of a mathematics 

anxiety scale suitable for use with children in North American primary and 

intermediate schools. The RMARS was chosen because its length was 

considered suitable for the short attention span of young children and because 

it had been shown to be a good substitute for the longer Two of the 

RMARS items which included the word "statistics" were excluded and all but 

four of the remaining 22 i terns were revised. For the word /I book II 
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was substituted for "text book" and "algebraic equation" changed to 

"mathematics problem".. Using 562 subjects, they 

Mathematics Anxiety Scale for Children (MASC) had an 

of The scale's relationship with mathematics anxiety, 

achievement . and academic ability was cited as , ........... , ....... ror its 

validity (Chiu & Henry, 1990). 

Another shortened version of the MARS was produced by Levitt & Hutton 

(1984). Using a total of 461 qtl~lI:al!U!t~ university students in two very 

different mathematics courses, one for students with little or no mathematics 

background and the other for much more mathematically sophisticated 

students, Levitt & Hutton argued that the most powerful items in the MARS 

would be those which best discriminated between students in these two 

different courses. On the basis or item-total correlations weak items were 

identified which, if eliminated from the MARS, would increase its validity 

and shorten the time required for administration. Levitt and Hutton stated 

that a further 17 items could also be eliminated "without loss of predictive 

efficiency II (p. 235). They claimed the remaining items would form a scale of 

enhanced validity and with a much shorter administration time. 

Still another short version of the MARS has been produced recently by 

Alexander and Martray (1990) using a sample of 517 lower level psychology 

students at a North American university. A principal components analysis 

identified five factors and the 69 items which loaded most highly on these 

factors were selected. of these items were then selected from a further 

factor analysis on the basis of the magnitude of their factor pattern 

coefficients. Scale total scores from these 25 items correlated r. :::::: .93 with the 

69 item MARS totals from which they were derived. 
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Test-retest reliability, based on a sub-sample of students was reported as 

being .r = .86. Moore, Alexander, Redfield and Martray (1988, in Alexander & 

Martray, 1990, p. 148) have reported "relatively high-to-moderate" 

correlations between the 25 item MARS and test, state and trait anxieties and 

significant correlations with measures of mathematics performance. 

Unfortunately Alexander and Martray (1990) do not give correlations in 

support of this claim and the Moore et al. 'l"otO'l".: ..... was unobtainable. A 

comparison of the 25 item Alexander and Martray scale with the 24 item 

RMARS (Plake & Parker, 1982) shows that 11 of the items in the Alexander 

and Martray scale are also included the RMARS. 

The MARS may be the best measure of mathematics anxiety currently 

available in terms of psychometric data (Llabre, 1984). However, as LIabre 

points out, most of the items are relevant only to people who are currently 

studying mathematics. Normative data are inadequate and as there appears 

to be a lot of variability in MARS scores among institutions, raw scores need 

to be compared with norms obtained from a local group. Additional evidence 

of predictive validity is also needed. LIabre cautions that as the MARS items 

were constructed on a logical basis responses are easily faked although, 

admittedly, this is a limitation which is shared by other measures of 

mathematics anxiety. 

1.3.2. Dimensionality of the Mathematics Anxiety Rating Scale. 

The possibility that the MARS might consist of more than one dimension 

was first addressed by Brush (1978) and subsequently by a number of other 

researchers. 

1. Brush used a 

of these factor analytic studies is presented in Table 

item MARS (with items 95-98 omitted due to a printing 

error) which, when analysed by a principal components factor analysis with a 
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varimax rotation, produced two factors. The first dimension was called 

Problem-Solving Anxiety and induded items such as "Adding up 976 + 777 

on paper". The second factor consisted of items such as "Thinking about an 

upcoming math test one day before" and was called Evaluation Anxiety. 

Brush (1978) went on to compute factor scores for the 45 items of Factor I and 

for the 31 items of Factor II. No details are given about the amount of 

variance accounted for by each of the factors or on what basis the items were 

selected. In addition, with a sample of only 80 university students, the results 

of Brush's factor analysis must be interpreted cautiously. 

About the same time, but apparently unaware of Brush's (1978) research, 

Rounds and Hendel (1980b) questioned Richardson and Suinn's (1972) 

assumption that high alpha coefficients and high item-total score correlations 

are necessarily indications of homogeneity. According to Rounds and 

Hendel, the unidimensionality of the MARS had yet to be established. They 

examined the dimensionality of the MARS using the same 94 item version of 

the scale that had been used by Brush two years earlier. Rounds and Hendel's 

(1980b) subjects were 350 female students in a university programme designed 

to treat mathematics anxiety and/or overcome mathematics performance 

deficits. The majority of the subjects had either completed some university 

study or had obtained a degree. Their mean age was 35.6 years and an average 

of 16.5 years had passed since they had been taught any mathematics. 

A factor analysis was carried out and the factors were rotated using a 

normalised direct oblimin procedure. Criteria for the best factor solution 

included the "scree" test, factor interpretability and extraction until a residual 

factor emerged. Rounds and Hendel (1980b) found dear evidence for the 

existence of two factors, with a two factor rather than three factor solution 

being selected because it provided the most interpretable structure. Factor I 

accounted for just over 29% of the total variance and Factor II for almost 8%. 
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The items selected for Factors I and II had factor-pattern loadings of more 

than .30 on the relevant factor and loadings of less than .30 on the irrelevant 

factor. The first factor consisted of 42 MARS items of which 13 reflected 

apprehension about taking or thinking about maths tests and/or exams. The 

remaining 29 items referred to mathematics courses or classroom activities. 

Rounds and Hendel (1980b) called this first factor Mathematics Test Anxiety. 

The majority (75%) of the 44 items that loaded highly on the second factor 

referred to everyday situations which required the manipulation of numbers. 

This second factor was called Numerical Anxiety. 

On the basis of the above factor analysis, Rounds and Hendel (1980b) 

constructed two 15 item scales to measure the Mathematics Test Anxiety and 

Numerical Anxiety factors. The two scales shared a small amount of 

common variance (12%), which Rounds and Hendel claimed compared 

favourably to other reported attempts to develop discriminant relationships 

between specific anxiety scales (1980b). Internal consistency (coefficient alpha) 

of the two factors was a = .93 and a = .87 respectively. It was expected that the 

Mathematics Test Anxiety scale would correlate more highly with the Suinn 

Test Anxiety Behavior Scale (STABS, Suinn, 1969) than would the Numerical 

Anxiety Scale. This expectation was supported, (1(65) = 3.64, l2. :S;.Ol), by data 

from a sample of 67 subjects. 

Further support for the existence of several different dimensions of 

mathematics anxiety was provided by Resnick, Viehe and Segal (1982). The 

full 98 item MARS was completed by 1,045 male and female first year 

university students. A principal component factor analysis and varimax 

rotation yielded three factors. Two of these factors, Evaluation Anxiety and 

Arithmetic Computation Anxiety appear to be almost identical to the 

Mathematics Test Anxiety and Numerical Anxiety scales of Rounds and 
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Hendel (1980b). The remaining factor, called Social Responsibilty Anxiety by 

Resnick et al. (1982), included items which described being responsible for 

arithmetic related matters in social clubs. The Evaluation Anxiety factor 

accounted for 32% of the total variance, while Arithmetic Computation 

Anxiety and Social Responsibility Anxiety accounted for 4% and 5% 

respectively. Resnick et pointed out that their results confirmed the 

findings that the not a unidimensional construct. They also noted 

that although the had a multidimensional structure, there was a 

single factor - Evaluation Anxiety - which accounted for the largest part of the 

variance. Their conclusion was that for college students the main factor in 

mathematics anxiety involved the evaluation of mathematical work (Resnick 

et al., 1982). Statisticians would argue that the other two factors account for 

such small proportions of the total variance as to be of little practical 

significance (Tatsouka, 1971; Gorsuch, 1974). 

A slightly later study by Alexander and Cobb (1984) also aimed to identify the 

independent dimensions underlying the MARS. The 98 item MARS was 

administered to a group of 197 university students taking a first year 

psychology paper. A principal components analysis to a Mineigen criterion 

yielded factors. The first two components accounted for 33% and 7% of the 

variance of the MARS scores. The first component was defined by 34 items 

with factor loadings of more than .60. Of these 34 items, 13 reflected anxiety 

about evaluative mathematical situations. The remaining items were related 

to mathematics courses. The second component was defined by 7 items with 

factor loadings of greater than .48. These items involved apprehension about 

performing numerical tasks. The two factors were labelled Mathematics 

Test/Course Anxiety and Numerical Task Anxiety respectively. The two 

scales shared only 10% of common variance. Similarities between the 

Alexander and Cobb (1984) scales the Rounds and Hendel (1980b) scales 

are not limited to the names of the About a third of the items in the 
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Alexander and Cobb scales are included in their Rounds and Hendel 

coun terparts. 

Table 1 

Summary of Factor Analytic Studies of Several Variants of the Mathematics Anxiety Rating 

Scale (MARS). 

Authors Scale 

Brush (1978) MARS(94) 

Rounds & Hendel (1980b) MARS(94) 

Resnick, Viehe & Segal MARS(98) 

(1982) 

Factors 

Problem solving anxiety 

Evaluation anxiety 

Mathematics test anxiety 

Numerical anxiety 

Evaluation anxiety 

Social responsibility anxiety 

% Variance 

Not given 

Not given 

29% 

8% 

32% 

5% 

Arithmetic computation anxiety 4% 

Alexander & Cobb (1984) MARS(98) Mathematics test anxiety 

Numerical task anxiety 

Ferguson (1986) 30 items ex Abstraction anxiety 

MARS(98) + Numerical anxiety 

10 new items Mathematics test anxiety 

Plake & Parker (1982) RMARS Learning mathematics anxiety 

33% 

7% 

10.5% 

8% 

7% 

60% 

(24 items) Mathematics evaluation anxiety (combined 

variance). 

Alexander & Martray 69 items ex Mathematics test anxiety 24% 

(1990) MARS(98) Mathematics operations anxiety 4% 

Suinn & Edwards (1982) MARS-A 

Suinn, Taylor & Edwards MARS-E 

(1988) 

Mathematics classes anxiety 3% 

Numerical anxiety 

Mathematics test anxiety 

Mathematics test anxiety 

Maths. performance anxiety 

not given 

not given 

28% 

(combined 

variance). 

Chiu & Henry (1990) RMARS(22) Evaluation of maths. learning 38.5% 

for children anx. 7.1 % 

Learning mathematics anxiety 5.1 % 

Solving maths. problems anxiety 
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Ferguson (1986) developed a 30 item mathematics anxiety inventory, based on 

the MARS. Twenty were items selected from the results of the MARS factor 

analysis of Rounds and Hendel (1980b). Ten items loaded heavily on 

Mathematics Test Anxiety and another ten loaded heavily on Numerical 

Anxiety. Ferguson (1986) stated that students often expressed anxiety about 

understanding mathematics statements that included letters, such as x and y , 

instead of numbers. He proposed that Abstraction Anxiety might be a third 

component of mathematics anxiety distinct from the two already identified by 

Rounds and Hendel (1980b). On the basis of this hypothesis, ten new items 

were also included which referred to mathematical topics which were more 

abstract than those included in the MARS. An example of this type of item is 

"Having to work a math problem that has x's and y's instead of 2's and 3's " . 

No details were given by Ferguson on how the items were developed or 

selected. 

Ferguson's amended 30 item inventory was subsequently administered to 365 

college students and two factor analyses were performed. The first was a 

principal axis factor analysis with varimax rotation and the second used an 

alpha extraction procedure with an equimax rotation. This second type of 

factor analysis allows the researcher to explore the possibility of additional 

factors which may not be measured by principal axis techniques (Ferguson, 

1986). Both analyses yielded the same factor groupings. The first factor, 

which Ferguson had tentatively labelled Abstraction Anxiety, accounted for 

10.5% of the total variance. All ten of the new items loaded heavily on this 

factor and on this factor only. Six of the Numerical Anxiety items identified 

by Rounds and Hendel (1980b) loaded heavily on Factor II and seven of the 

Mathematics Test Anxiety items loaded heavily on Factor III. Factors II and ill 

accounted for 8% and 7% of the total variance, respectively. Ferguson 

concluded that it was clear that Numerical Anxiety and Mathematics Test 
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were not the only factors comprising mathematics anxiety (Ferguson, 

1986). 

An item analysis of Plake and Parker's (1982) 24 item Revised Mathematics 

Rating (RMARS) was carried out using the principal factors technique 

with rotation. Two factors were found which accounted for 60% of 

the total variance. Every item had a salient (;;::.5) loading on one and only one 

of the two rotated factors. Factor I, consisting of 16 items and labelled 

Learning Mathematics Anxiety, related to the activity or process of studying 

statistics. Factor II contained 8 items and was called Mathematics Evaluation 

Anxiety. This factor was concerned with the evaluation of mathematics or 

statistics performance. On the basis of this, and other psychometric 

information (see section 1.5), Plake and Parker (1982) concluded that the 

R..1v1ARS appeared to be an attractive substitute for the full scale MARS for use 

with students taking statistics or mathematics courses. 

Alexander and Martray's (1990) principal components analysis of a 69 item 

abbreviated version of the MARS yielded three factors, based on the scree test 

and factor interpretability. These factors accounted for 24%, 4% and 3% of the 

variance of the MARS scores. Factor I consisted of 15 items reflecting anxiety 

about mathematics tests. The mean factor loading for these items was .74. 

The second factor was defined by five items which reflected anxiety about 

performing mathematical operations. Factor III, which also comprised five 

items, assessed anxiety aroused by aspects of mathematics classes. The mean 

factor loadings for Factor II and III were .50 and .46, respectively. Internal 

consistency for the three factors ranged from 0; ::::: .96 (Factor I) to 0; .84 (Factor 

ill). On the basis of this analysis, Alexander and Martray (1990) suggested that 

current definitions of math anxiety needed to be altered with apprehension 

about taking math tests being the main feature of any revised definition of 

math anxiety. 
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Both the MARS~A and the MARS-E have been factored to rI.oI-.o'f't"n whether 

a single factor accounted for the variance in all test items. and Edwards 

(1982) used a principal components analysis with oblique rotation and found, 

from a sample of 483 students, that 89 of the 98 items of the MARS-A had 

loadings of greater than .30 on a single factor. Edwards 

called this primary factor Numerical Anxiety. remaining 9 items 

comprised the second factor which consisted of items relating to mathematics 

tests and was called Mathematics Test Anxiety. The proportion of the total 

variance accounted for by these two factors was not reported. Suinn and 

Edwards (1982) pointed out that these results were consistent with previous 

analyses of the MARS, from which the MARS-A was derived. 

Two factors were also discovered using a similar factor analysis of the MARS

E which was administered to 1119 primary school children (Suinn, Taylor & 

Edwards, 1988). The authors identified the first factor as Mathematics Test 

Anxiety and the second as Mathematics Performance Adequacy Anxiety. 

These two factors accounted for only 28% of the total variance. Suinn et al. 

noted that although the mathematics test anxiety factor was one which had 

frequently been identified in other research, the performance adequacy factor 

was new to their study. If factors with eigenvalues of less than one were 

included, Suinn et al. (1988) were able to identify a third factor which was 

similar to the numerical anxiety factor found in other studies. 

Factor analysis of the item version of the RMARS for children (Chiu & 

Henry, 1990) yielded four factors which accounted for 56% of the total 

variance. The major proportion of this (38.5%) was accounted for by Factor I, 

which consisted of eight items concerned with the evaluation of mathematics 

learning. consisted of six items related to the process of learning 

mathematics, while the five items making up Factor III concerned solving 
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mathematics problems in non-testing situations, The fourth factor appeared 

to be related to characteristics of the mathematics teacher. However this 

factor was not well defined with one of the two items having a higher loading 

on Factor II than on the fourth factor, 

In all of the preceding studies, is clear evidence for at least two 

dimensions of mathematics anxiety. The most frequent finding is that 

are two components, one relating to anxiety about situations involving the 

evaluation of a student's mathematical performance and the other relating to 

the actual manipulation of numbers. In many cases the mathematics 

evaluation or test anxiety factor appears to be the major dimension. 

Alexander and Cobb (1984) concluded that current definitions of mathematics 

anxiety should be altered to include apprehension about being evaluated in 

mathematical situations. Brush (1980) agreed, saying that anxiety seemed to 

result more from the evaluative situations in mathematics classes than from 

working with numbers. 

However the situation may be even more complex than the two factor 

solutions suggest, as indicated by Ferguson (1986). In addition, if a 3-

component view of anxiety is as widely accepted as Last and Hersen (1988) 

have proposed, it might be deemed necessary to develop methods for 

assessing these various components. In the case of mathematics anxiety, for 

example, should measures be devised to measure the cognitive, physiological 

and behavioural components of both mathematics test anxiety and 

mathematics evaluation anxiety? There have been efforts in that direction in 

the test anxiety field, namely Liebert and Morris' (1967) scale which aims to 

assess both the worry and emotionality aspects of test anxiety. However, 

distinguishing one component of anxiety from another may not be as useful 

as it first appears. Results from a study by Finger Galassi (1977) suggest 

that although it may be possible to define and identify separate components of 
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test anxiety, these factors interact to the extent that little is gained by treating 

them separately. Whether these same conclusions might apply to 

mathematics anxiety remains to be investigated. What is clear is that the 

issue of dimensionality is important to a greater understanding of the 

phenomenon of mathematics anxiety. Unfortunately, researchers in the field 

seem to be reluctant to abandon the unidimensional view that they have 

inherited from earlier studies (Bruch, 1981; Fulkerson, Galassi & Galassi, 1984; 

Hunsley, 1987). 

It is possible that the varied results from these studies may caused by the use 

of different factor analytic techniques. However, the majority of the studies 

use principal components analysis and varimax rotation and therefore are 

comparable. Even where different techniques are used, such as an oblimin 

rotation, very similar results may be obtained as reported by both Ferguson 

(1986) and Rounds and Hendel (1980b). 

1.3.3. Other Measures of Mathematics Anxiety. 

There are a number of scales other than the MARS for measuring 

mathematics anxiety among university, high school or primary school 

students. Scales designed for use with university students are summarised 

first and subsequent paragraphs review mathematics anxiety scales for use 

with high school and primary school children. 

The first instrument to be developed for assessing levels of mathematics 

anxiety in university students was probably that of Dreger and Aiken (1957). 

They added three items to the Taylor Manifest Anxiety to assess number 

anxiety, which they spoke of as a particular combination of emotional 

reactions to mathematics. 704 university students were required to answer 
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or "false" to each of the following items. "I am often nervous when I 

have to do arithmetic." "Many times when I see a math problem I just 

'freeze up'." "[ was never as good in math as in other subjects." (Dreger & 

Aiken, 1957, p. 346). No reliability data are for items. Item 

correlations and cluster analyses were performed but the data were not 

reported. Dreger et al.'s findings indicated that there was probably a factor 

which could be called Number Anxiety which was different from general 

anxiety. However, correlations among the Number Anxiety items suggested 

that the three items were not "factorially pure" (Dreger & Aiken, 1957,p. 347). 

This was supported by an exploratory factor analysis which confirmed the 

presence of two factors, which were tentatively identified as "Negative math. 

reaction" and "Nervousness in the presence of math." (Dreger & Aiken, 

1957, p.347). These findings, although tentative, supported Dreger and 

Aiken's prediction that Number Anxiety might be found to be a complex 

variable. 

Sachs (1982) developed a Mathematics Test Anxiety Index (MTAI) by replacing 

references to chemistry in the Beliefs and Feelings About Chemistry 

questionnaire (Rasor & Engel, 1981, cited in Sachs, 1982) with references to 

mathematics. The MTAI consisted of 20 statements about mathematics and 

mathematics courses which university students rated on a seven-point Likert 

scale, ranging from "very strongly disagree" to "very strongly agree". 

Fourteen items were negatively worded with higher scores indicating greater 

anxiety. Numerical scores were reversed for the six items that were positively 

worded. No information about the reliability or the validity of the scale is 

given by Sachs (1982). 

A 24 item questionnaire devised by Quilter and Harper (1988), while not 

exactly a mathematics anxiety scale, was used to identify negative attitudes 

towards mathematics among an adult graduate population. The items in 
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questionnaire were derived from Buxton (1981, cited in Quilter & Harper, 

1988) and from tape-recordings of free group discussion by eight M. Ed. 

graduates at the University of Bath who described themselves as poor 

mathematicians (Quilter & Harper, 1988). questionnaire consisted of 

both postively phrased items ("Mathematics creative" , "! don't panic about 

ma ths" ) negatively phrased items ("High anxiety prevents me from 

learning maths", "Maths is bewildering" ). response format was a five 

point Likert scale ranging from "strongly agree" to "strongly disagree". A 

coefficient alpha of a"'" .89 was reported for the questionnaire. 

Fennema and Sherman (1976) devised nine 12 item scales which were 

designed to measure a number of different attitudes and feelings about the 

learning of mathematics by high school students. One of these scales was 

intended to measure mathematics anxiety and the others to measure attitudes 

towards success in mathematics, mathematics as a male domain, attitudes of 

father, mother and teacher to the subject as a learner of mathematics, 

confidence in learning mathematics, effectance motivation in mathematics 

and mathematics usefulness. Like the other eight Fennema and Sherman 

scales the Mathematics Anxiety Scale (MAS) has a 5 point Likert-type format. 

Students indicate the extent to which they agree or disagree with each of 12 

items, six of which are worded positively and six negatively. The scoring of 

negatively worded items is reversed, so that for all items higher scores 

indicate more positive attitudes towards mathematics or less mathematics 

anxiety. Psychometric data for the MAS are sparse. However, Dew, Galassi 

and Galassi (1983) reported an internal consistency reliability (coefficient 

alpha) of a == .74 from 766 university students in an introductory psychology 

course. Dew et al. also reported a two week test--retest reliability of r == .87 for 

scale. Betz (1978) rewrote several of the MAS items so that they were 

more appropriate for university students. The resulting ten item scale was 

reported as having a split-half reliability coefficient of r 
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Another mathematics anxiety scale is one devised by Sandman (1979) called 

the Anxiety Towards Mathematics Scale (ATMS). This is a six item 

instrument, with a four point Likert-type format, which is one of six subscales 

of Sandman's Mathematics Attitude Inventory. Like the Fennema and 

Sherman (1976) scales, the ATMS was originally devised for use with high 

school students. Dew, Galassi and Galassi (1983) believed that the ATMS 

appeared to be appropriate for university students although they had obtained 

a low coefficient alpha of a ::::: .21 for this scale. Two week test-retest reliability 

was r = .75 which was significantly lower than that obtained for the MARS 

(r = .87, ~(150) = 2.42, 12. :5;.05). 

Sudweeks, Stoler and Croker (1980) believed that a mathematics anxiety scale 

for high school pupils should include items which tapped feelings of fear, 

distress and discomfort, avoidance of mathematics situations and impaired 

mathematics performance. Two subscales were devised, one covering formal 

mathematics learning situations and the other relating to the everyday usage 

of mathematics. The two scales were subsequently combined as Sudweeks et 

al. found a correlation of r ::::: .80 between the subscales with items on each 

subscale having high correlations with the total score on the other subscale. 

From an initial pool of 41 items, 18 were selected for the final Syracuse 

Mathematics Anxiety Scale (SMAS). Items are scored on a four point Likert 

scale with high scores indicating high levels of mathematics anxiety. Data 

obtained from 73 first-year university students showed the scale to be 

internally consistent (a::::: .95) with a six week test-retest reliability of r = .84. 

Sudweeks et al. (1980) concluded that the scale was unidimensional when a 

principal components factor analysis of data from a larger sample (917 

students) indicated that one factor accounted for 94% of the total variance. 
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Wigfield and Meece (1988) devised a Mathematics Anxiety Questionnaire 

(MAQ) for use with high school pupils. This measure included items 

designed to measure both the cognitive and affective components of 

mathematics anxiety. The 11 item questionnaire was developed from an 

original set of 22 items 

mathematics. Each item was 

dimensions of negative reactions to 

"' .... rcr£l." on a 7-point Likert-type scale. The 

instrument used in the study reported here used items which focussed on 

negative affective reactions to doing mathematics activities in school and on 

students' concerns about their mathematics performance (Wigfield & Meece, 

1988). Both exploratory and confirmatory factor analysis of these 11 items 

indicated that a two factor solution best described the data. According to 

Wigfield and Meece, the first factor (seven items) tapped primarily strong 

afffective reactions to mathematics. This factor included items such as 

"Taking maths tests scares me" and"[ dread having to do math". The 

second factor tapped cognitive concerns about doing well in mathematics and 

asked questions like "Compared to other subjects, how much do you worry 

about how well you are doing in math?". The two factors were negatively 

correlated, r. = -040. The Wigfield and Meece (1988) scale is one of the few 

mathematics anxiety scales which is designed to assess both cognitive and 

affective reactions to mathematics. Most of the other scales, including the 

popular MARS, concentrate on measuring some form of emotional arousal 

such as anxiety or nervousness. 

There are fewer mathematics anxiety scales designed for use with primary 

school children. One such scale is that devised by Sepie and (1978). 

The 20 items in this scale were developed from a number of sources, 

including the physiological aspects of anxiety and an informal questionnaire 

by (1970). An example of an item from the Mathematics Anxiety Scale 

for Children (MASC) is "Do mathematical symbols worry you?" (Yes/No ) . 

The showed some communality with the General Anxiety and Test 
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Anxiety Scales for Children (Sara son, Davidson, Lighthall, Waite and 

Ruebush, 1960) but had "substantial unique variance" (Sepie & Keeling, 1978, 

p. 17). Data on the communality and unique variance were not given, 

although a split-half reliability of r := .90 was reported for the MASC. 

The scales that are mentioned above are not the only ones which have been 

devised for measuring mathematics anxiety. A number of researchers have 

developed their own scales, but the use of these scales is limited to only one 

or two studies ( Bulmahn and Young, 1983; Eccles and Jacobs, 1986; Hodges, 

1983 and Martinez, 1987). In each case there is little detail of the way in which 

the scale was developed or of the content of the scale and reliability or validity 

data are usually not reported. 

A number of different scales have been devised, all of which are aimed at 

assessing the levels of mathematics anxiety experienced by people of all ages. 

Any researcher is faced with a number of selection decisions. A mathematics 

anxiety scale may be selected because of its suitability for a particular 

population such as the MARS-E (Suinn, Taylor & Edwards, 1988) for primary 

school children or Quilter and Harper's (1988) scale for university graduates. 

Selection may also be made on the basis of psychometric data, with the MARS 

(Richardson & Suinn, 1972) being particularly well supported. Yet another 

decision may be made on the basis of the frequency of usage of the scale. 

Researchers using either the MARS or the Fennema and Sherman (1976) 

mathematics anxiety scale will have a large body of data with which to 

compare their findings. Finally, some scales may be preferred because they 

allow a researcher to consider several different facets of mathematics anxiety, 

examples being those by Ferguson (1986), Wigfield & Meece (1988) and, 

implicitly at least, most of the derivatives of the MARS (Richardson & Suinn, 

1972). Any conclusions about mathematics anxiety which are drawn from 
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any given study will depend on the nature of the sample and on the 

particular mathematics anxiety scale used with that 

The Incidence of Mathematics 

Prevalence of Mathematics 

Incidence research using the two longer versions of the MARS, the 98 item 

and 94 item scales, are reported in the first part of the following section. 

These studies are followed by the levels of mathematics anxiety reported by 

subjects using the 24 item RMARS, the MARS-A for high school pupils and, 

finally, the MARS-E for primary school pupils. A summary of the levels of 

mathematics anxiety reported using each of these measures is given in 

Table 2. 

Much of the earlier research into mathematics anxiety addressed basic 

questions such as; "What proportion of students suffer from mathematics 

anxiety?" and "Do some populations experience more mathematics anxiety 

than others?" Data relevant to the first question were reported by Richardson 

and Suinn (1972), who found that the mean score on the 98 item MARS, 

hereafter referred to as MARS(98), was M = 215.38, SD = 65.29, for a sample of 

397 university students. The possible range of scores on the MARS(98) is 

from 98 to 490. It may appear to that 215.38 is a high mean score but it must be 

remembered that someone who classed herself or himself as being "not at all 

anxious" on each of the 98 items would receive a score of 98. A person who 

indicated that they experienced an average of "a fair amount" of anxiety on 

each item would receive a total MARS(98) score of 294. In the light of this, it 

does not appear that mathematics anxiety was a major problem for many of 

Richardson Suinn's (1972) sample. 
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Resnick, Viehe and Segal (1982) reported that the mean MARS(98) score for a 

sample of 1045 first year university students was M = 155.48, SD = 41.62. They 

commented that the level of mathematics anxiety which they obtained led 

them to question whether there was much mathematics anxiety among the 

students they studied. A mean MARS(98) score of M = 193.89, SD = 58.77, was 

obtained from 769 university undergraduates by Dew, Galassi and Galassi 

(1983). A study by Fulkerson, Galassi and Galassi (1984), using the same scale, 

found similar levels of mathematics anxiety in a sample of 582 first year 

university students. The mean MARS(98) score was M = 185.92, SD = 57.31. A 

slightly lower mean of M = 176.9, SD = 51.6, was obtained by Hunsley (1987) 

from a sample of 96 students in a second year university psychology statistics 

course. 

In a study which examined mathematics anxiety and attitudes towards 

mathematics, Rounds and Hendel (1980a) reported data from 124 female 

participants, with a mean age of 35.4 years, in a mathematics anxiety 

treatment programme. The mean score on a version of the MARS from 

which four items were omitted due to a printing error was M = 255.44, 

SD = 59.45. This translates to a mean score for the MARS(98) of M = 266.31, 

which is, as would be expected, considerably higher than the values reported 

previously. Even so, the average item score of only 2.6 falls midway between 

"a little" and "a fair amount" of anxiety. 

Kostka and Wilson (1986) also used the same 94 item MARS as a measure of 

the level of mathematics anxiety in a sample of 18 female subjects aged 

between 25 and 47 who were in a mathematics anxiety treatment programme. 

The obtained mean was M = 297, SD = 66.32 which is equivalent to a score of 

309.6 on the MARS(98). The MARS(94) was also used by Bruch (1981), who 

found that the mean score from a sample of 118 introductory psychology 
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students was M "" 222.52, ::::: 59.65. This would be equivalent to a MARS(98) 

of 231.99 which, although lower than that reported by Rounds and 

(1980b), is considerably higher than the mean scores reported by 

(1983), Fulkerson et al. (1984), Hunsley (1987) and Resnick et al. (1982). 

et al. 

Table 2 

Mean Levels of Mathematics Anxiety in a Variety of Student Samples. 

------------- ---------- -----

Authors Date MARS(98) Sample Sample 

score"" size description 

~~~~-------~------------------~-------------~---~-----------------------

University samples 

aBruch 1981 231.99 92 intro. psychology 

Dew, Galassi & Galassi 1983 193.89 769 undergraduates 

Fulkerson, Galassi & Galassi 1984 185.92 582 1st year university 

Hunsley 1987 176.90 96 2nd year psyc. stats. 

aKostka & Wilson 1986 309.64 18 math anxious females 

Resnick, Viehe & Segal 1982 155.48 1045 1st year university 

Richardson & Suinn 1972 215.38 397 university students 

aRounds & Hendel 1980a 266.31 124 math anxious females 

High school sam12les 

Gliner 1987 206.45 95 high school 

Hadfield & Maddux 1988 201.08 481 high school 

Saigh & Khouri 1983 212.26 73 Lebanese males 

Saigh & Khouri 1983 250.00 60 Lebanese females 

Suinn & Edwards 1982 197.60 483 senior high school 

Suinn & Edwards 1982 204.70 1009 junior high school 

Prima~ school sam12les 

aOUu & Henry 1990 170.12 104 Form 2 -3 students 

aOUu & Henry 1990 224.18 171 Standard 4 - Form 1 

aSuinn, Taylor & Edwards 1988 209.95 60 primary (males) 

aSuinn, Taylor & Edwards 1988 202.76 59 primary (females) 

*Possible range: 98 - 490 

aTranslated into MARS(98) equivalent. 
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"'","U'b>LA".a and Wilson (1986) also used the same 94 item J.V.UC>.H,d as a measure of 

the level of mathematics anxiety in a sample of 18 female subjects aged 

between 25 and 47 who were in a mathematics anxiety treatment programme. 

The obtained mean was M ::: 297, which equivalent to a score of 

309.6 on the MAR5(98). The MARS(94) was also used by Bruch (1981), who 

found that the mean score from a sample of 118 introductory psychology 

students was M :::: 222.52, SD :::: 59.65. This would be equivalent to a MAR5(98) 

of 231.99 which, although lower than that reported by Rounds and Hendel 

(1980b), is considerably higher than the mean scores reported by Dew et al. 

(1983), Fulkerson et al. (1984), Hunsley (1987) and Resnick et al. (1982). 

In spite of the considerable amount of evidence that the MARS and some 

other mathematics anxiety scales consist of at least two factors, few studies 

report levels of mathematics anxiety for separate factors. Rounds and Hendel 

(1980b) found a mean value of 52.76, SD = 13.51, on their 15 item, MARS

based, Mathematics Test Anxiety scale using a sample of 350 mathematics 

anxious female university students. The mean score on the corresponding 

Numerical Anxiety Scale was = 27.49, SD:::: 9.36. Rounds and Hendel noted 

that a comparison of the mean scale scores showed that their female sample 

reported much more apprehension about mathematics tests than about the 

everyday manipulation of numbers. 

Based on an analysis of mean item scores, Alexander and Cobb (1984) also 

concluded that more anxiety was stimulated by the 17 MARS items of the 

Mathematics Anxiety Scale than by the 7 Numerical Task Anxiety items. 

Mean ratings for the items in the Mathematics Test Anxiety Scale ranged 

from tla little" (2) to "a fair amount" (3) while the mean rating for items in 

the Numerical Task Anxiety Scale ranged from "not at all" (1) to "a little" (2). 

Identical findings were reported by Alexander and (1990) from the 517 

students who completed the 25 item, three factor version of the MARS. More 
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mathematics anxiety, between "a little" and "a fair amount" , was generated 

by mathematics test related items than by items in either the numerical task 

or mathematics course factors. However, Alexander and Cobb (1984) also 

pointed out that although there appeared to be major differences between the 

scales neither scale indicated overwhelming amounts of anxiety. 

There are few studies which report levels of mathematics anxiety assessed by 

Plake and Parker's (1981) 24 item revised MARS (RMARS). One is that by 

Plake, Smith and Damsteegt (1981) who reported a mean RMARS score of 

M = 59.84, S D "" 20.55, for a sample of 264 educational psychology 

undergraduates. This is equivalent a mean MARS(98) score of M = 244.35 and 

a mean item score of M = 2.49 which is much higher than most of the mean 

MARS values obtained by other researchers. Llabre and Suarez (1985) studied 

184 unversity students in an introductory algebra class and found lower levels 

of mathematics anxiety on the RMARS with means of M = 56.79 for females 

and M = 48.89 for males, (1(182) = 17.63,R <.001). 

Some incidence research has been carried out using the adolescent version of 

the MARS (MARS-A) which consists of 98 items with a possible range of 

scores from 98 to 490. Suinn and Edwards (1982) reported a mean MARS-A 

score of M = 197.6, SD = 58.12, from a sample of 483 senior high school 

students and a mean of M = 204.7, SD = 59.24, from 1009 junior high school 

pupils. These mean values were equivalent to mean item scores of M = 2.02 

and M = 2.09, respectively, or slightly more than "a little" anxiety. Saigh and 

Khouri (1983), using a sample of Lebanese students, found higher mean 

scores of M = 212.26, SD = 67.89, for 73 male students and M = 250.00, 

SD = 65.47, for 60 females. The mean item score for males was M =: 2.17 and 

that for females M =: 2.55, between "a little" and "a fair amount" of anxiety 

In a recent study Gliner (1987) found a mean score of M = 206.45, SD = 67.5, 

mean item score M = 2.11, on the MARS-A from a sample of 95 high school 
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students. Using the same measure with a larger of 481 high school 

students, Hadfield and Maddux (1988) obtained a similar value with a mean 

MARS-A score of M "'" 201.08, SD = 57.41, mean item score := 2.05. 

Suinn, Taylor and Edwards (1988) administered 

school children of. whom just over 50% were 

to 119 primary 

The mean scores on 

this 26 item scale, where scores may range from to 130, were M := 53.8, 

:= 12.19, for males and M :::::: 55.7, :::: 13.54, for females. Mean item scores 

were M = 2.07 for males and M::::: 14 for females, just over rIa little" anxiety. 

another study with younger subjects, Chiu and Henry (1990) used their 22 

item scale derived from the RMARS to assess the mathematics anxiety of a 

sample of primary and intermediate school pupils. Mean levels of anxiety 

from this scale, which uses a four-point response format, ranged from 

M :::::: 30.55 to M :::::: 40.26, with the oldest students reporting the lowest levels of 

anxiety. Converting these values to MARS(98) form, it appears that levels of 

mathematics anxiety among younger children fall within much the same 

range as those for university students (see Table 2). 

Other studies have used different scales to measure the levels of mathematics 

anxiety. Betz (1978) used a slightly adapted 10 item version of the Fennema 

and Sherman (1976) Mathematics Anxiety Scale, in which responses are 

scored from 1 to 5 with lower scores indicating higher mathematics anxiety. 

Subjects were university students in one of three courses; basic mathematics, 

more advanced mathematics and introductory psychology. Students in the 

basic mathematics course indicated that they were significantly more anxious 

(M ::::: 26.9) than students in the advanced mathematics (M = 31.6) or 

psychology classes 31.1). The Betz (1978) data translates to MARS(98) 

scores of 226.38, 180.32 185.22. This range is comparable to the MARS(98) 

scores obtained by Richardson and Suinn (1972) and others. Betz herself 

cautioned that it was not possible to interpret scores on the Math Anxiety 
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as directly indicating the presence or absence of math anxiety. However, 

she noted that substantial numbers of students in all of the groups responded 

in ways that suggested the presence of mathematics anxiety with a particularly 

high proportion of negative feelings for test-related items. 

Instruments used ~n Rounds (1980a) study included the MARS 

and Fennema and Sherman's (1976) item Mathematics Anxiety Scale 

(MAS). Unlike the MARS, for the MAS higher scores indicate lower anxiety. 

The mean score on the MAS scale for the females in Rounds and Hendel's 

mathematics anxiety treatment programme was M ::::: 23.23, SD ::::: 8.36. This 

score is corresponds to 300.37 on the MARS(98). The mean MARS(98) score 

actually obtained from this sample was M :::::: 266.31 indicating that the two 

measures can not treated as equivalent, as is also indicated by the 

correlation of r ::::: between the two scales. Dew, Galassi and Galassi (1983) 

obtained a mean score on the 12 item MAS from their 769 undergraduates of 

M == 37.06, SD == 11.28. In the Dew et al. study the MAS score is higher, 

indicating less anxiety, than that reported by Rounds and Hendel (1980a), a 

difference which would be expected given the differing nature of the samples. 

Dreger and Aiken (1957) found that of 704 university students in basic 

mathematics classes, 35% agreed with at least two of the three items which 

comprised their Numbers Anxiety Scale. That the situation may be similar in 

high schools is indicated by the results of a recent study carried out in twenty 

countries. It found that while most high school students say they are not 

afraid of taking mathematics, approximately 60% of students in Form 3, aged 

13 to 14, and 50% of those in Form 7, aged 17 to 18, disagreed with the 

statement "I usually feel calm when doing mathematics problems" (Kifer & 

Robitaille, 1989). 50% of all high school students also agreed with the 

statement "When 1 cannot figure out a problem 1 feel lost in a maze". This 

same study included interesting cross-national comparisons, one example 
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being that levels of mathematics anxiety, as assessed by the five questions on 

this issue included in the questionnaire, may be slightly higher in New 

Zealand than in the United States of America, especially among older high 

school students. 

Interpretation of mathematics anxiety scores is difficult when different 

researchers use different scales. It is also possible that differences in scores 

may result from differences among the samples being studied. Even careful 

consideration of each item in a scale may be open to misinterpretation. For 

example, Lindbeck and Dambrot (1986) reported that ~z; (1978) had found 

that "68% of the students enrolled in mathematics classes experience high 

mathematics anxiety" (p. 567). While it is true that Betz (1978) reported that 

68% of the 50 students in the most basic university mathematics course 

disagreed with the statement "1 almost never get uptight during math test" , 

Lindbeck and Dambrot's (1980) statement is a serious distortion of the data. 

Finally, and in spite of the proliferation of mathematics anxiety treatment 

programmes, the levels of mathematics anxiety reported in the studies 

mentioned above do not seem to indicate that large numbers of students were 

suffering from high levels of mat~EaRn.~iety. 

1.4..2. Gender Differences in Levels of Mathematics Anxiety. 

There are conflicting results from the research into gender differences in 

mathematics anxiety. No gender differences in mathematics anxiety were 

reported by Alexander and Cobb (1984) on either the Mathematics 

Test/Course Anxiety Scale or the Numerical Task Anxiety Scale. Buckley and 

Ribordy (1982), Cope (1988), Resnick, Viehe and Segal (1982), Richardson and 

Suinn (1972) and Wooley (1982) were other researchers who failed to find 

gender related differences. Dreger and Aiken (1957) found no significant 
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differences between males and females on their Number Anxiety scale. 

Dambrot, Watkins-Malek, Silling, Marshall and Garver (1985) also failed to 

find significant differences between the sexes on the Fennema and Sherman 

mathematics anxiety scale for a sample of 942 introductory psychology 

students. With samples of primary school children, Sepie and Keeling (1978) 

also found that, although girls obtained higher scores than boys on the 

Mathematics Anxiety Scale for Children, the differences were not significant. 

In another study with younger students, Chiu and Henry (1990) found no 

significant difference between the scores of boys and girls on their 22 item 

scale based on the RMARS. 

Researchers who have found gender differences in mathematics anxiety 

include Dew, Galassi and Galassi (1983) who found significant gender 

differences on MARS and MAS but not on Sandman's ATMS, although they 

noted that the differences between men and women amounted to only about 

a fifth of a standard deviation of the total sample. The reported means for the 

MARS were M = 197.93, SD = 79.80, for women and M = 185.46, SD = 55.47, for 

men. On the MAS, where lower scores indicate higher anxiety, the women's 

mean scores were M = 36.41, SD = 11.39, and those for men M = 38.45, 

S D = 10.82. Dew et al. concluded that, while gender differences in 

mathematics anxiety may exist, they are probably small. 

In to Dew et al.'s (1983) finding an earlier study by Wilhelm and 

Brooks (1980), which used Sandman's (1979) Mathematics Attitudes 

Inventory, reported significant gender differences in mathematics anxiety. 

The method of scoring this scale and the possible range of scores are not made 

clear by Wilhelm and Brooks. They reported that mean mathematics anxiety 

scores were 3.29 for 129 female high school students and 3.13 for 112 male 

students, <E = 4.11,12 :::;;.05). It is not reported whether these values are total 

scale means or item means. Sandman (1979) has reported conflicting findings 
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from a large sample of high school students (N :::: 4612). Anxiety scores were 

standardised with a mean of 50 and a standard deviation of 8.5. Although the 

mean anxiety score for boys (M :::: 50.4) was significantly higher than that for 

girls (M = 49.0, 12. ::;; .0001), these differences are probably not significant in 

practical terms. 

Betz (1978) reported that levels of mathematics anxiety on her modified MAS 

were significantly higher for females than for males in two of the three 

student groups under investigation, introductory psychology and basic 

mathematics. In the introductory psychology class the mean for females was 

M = 29.1 compared with that of M = 33.5 for males, (.t(180) :::: 3.38, 12. ::;;.01). 

Females in the basic mathematics course scored a mean of M = 25.6 and males 

M = 28.9, (1(120) :::: 2.43, 12. ::;;.02). In the case of students in a precalculus 

mathematics course, females reported slightly less mathematics anxiety 

(M :::: 32.3) than males (M :::: 31.1), although the difference was not significant. 

LIabre and Suarez's (1985) study of 184 university students in introductory 

algebra classes yielded a highly significant difference in mathematics anxiety 

as measured by the RMARS, which has a maximum score of 120. The mean 

for women was M = 56.79 and for men M = 48.89 (1(182) = 17.63, l2. ::;;.001). 

Eccles and Jacobs (1986), in a two year longitudinal study of 164 high school 

students aged between nine and fourteen years, found that females had only 

slightly higher levels of mathematics anxiety than did males. The scale used 

by Eccles and Jacobs was one created for the study and no details of content, 

structure or psychometric properties are given. Fulkerson, Galassi and 

Galassi, 1984, used the MARS(98) to assess the levels of mathematics anxiety 

of 582 students from introductory level university classes. A mean of 

M :::: 173.71, SD :::: 53.90, was obtained for men and M = 195.19, SO :::: 58.15, for 

women, a highly significant difference (!(580) =: 4.55, 12. ::;;.001). Saigh and 

Khouri (1983) found a highly significant difference between Lebanese male 
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and female high school students on the MARS-A with females scoring higher 

(M = 250.00) than males (M 1(131) :::: 10.51,12. :::;.001). 

Several researchers have pointed out that differences in mathematics anxiety 

between males and may more apparent than real. In particular, 

correlations mathematics anxiety and of high school 

mathematics have indicated that the more mathematics education students 

have, the less likely they are to report high levels of mathematics anxiety 

(Betz, 1978). Heller and Kogelman (1982) also noted the correlation between 

poor preparation in mathematics and mathematics anxiety and the fact that 

female students tended to have fewer years of mathematics education than 

male students. Alexander and Cobb (1984) have also shown that students 

with higher levels of mathematics education in high school reported 

significantly less mathematics test anxiety than those with lower levels of 

mathematics education, (F == 10.70, 12. ~.001). Kagan (1987), using a university 

sample of 51 males and 153 females found that there were no differences 

between the scores of each gender on either the numerical or mathematics 

test factors of the MARS, if she controlled for prior exposure to mathematics. 

In summary, gender differences in mathematics anxiety range from non

existent to highly significant. It is difficult to draw conclusions from the 

available research because of the differences in the nature of the samples 

which have been studied and in the instruments used to measure 

mathematics anxiety. There is also the added complication that females tend 

to report higher levels of other types of anxiety and it is difficult to separate 

reports of significant differences from the tendency of females to be more 

willing to report their feelings than males (Reyes, 1984). On the other hand 

Flessati and Jamieson (1991) found that females were less tolerant of 

mathematics anxiety in themselves and also believed that their mathematics 
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ability was poorer than it really was. Flessati and Jamieson argued that these 

two factors could underlie gender differences in mathematics anxiety. 

Even two meta-analyses published recently do not provide a definitive 

answer to the mathematics anxiety and gender issue. One by Hembree (1990) 

considered the nature, effects and relief of mathematics anxiety and the other 

by Hyde, Fennema, Ryan, Frost and Hopp (1990) looked at gender differences 

in mathematics attitudes and affect. Hembree (1990) reported that while 

females report higher levels of mathematics anxiety than do males, these 

higher levels of anxiety do not seem to result in lower performance or in 

increased avoidance of mathematics by female students. An alternative view 

is given by Hyde et al. (1990) who reported that the notion of gender 

differences in mathematics anxiety was given little support by the results of 

their meta-analysis. Hyde et al. noted that the largest gender differences were 

for samples involved in remedial mathematics activities, but they cautioned 

that results from such extreme groups should not be generalised to the 

general population. Differences in the analytic methods used in the two 

reports makes any direct comparisons of the findings difficult. 

1.5. Relationship of Mathematics Anxiety to Performance, Other 

Anxiety Measures and Other Mathematics Attitudes. 

In studies that have examined the relationship of mathematics anxiety to 

other variables the major areas of comparison appear to fall into three main 

categories. 

a. The relationship of mathematics anxiety to mathematics 

performance and/or aptitude. (Section 1.5.1) 

b. The relationship of mathematics anxiety to other anxiety 

measures, for example test anxiety. (Section 1.5.2) 
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c. relationship of mathematics anxiety to other attitudes 

mathematics. (Section 1.5.3) 

d. relationship of mathematics anxiety to other variables. 

(Section 1.5.4) 

Mathematics Anxiety to Mathematics PeJrtormlan.ceJ 

Aptitude. 

Researchers have frequently found negative correlations between 

mathematics anxiety measures and measures of mathematics performance. 

Gourgey (1982) obtained a correlation r = -.28 between the MARS(98) and an 

arithmetic skills test for 92 university students (I2. :S.0l). A higher correlation 

of r = -.44 was obtained between scores on the Revised Mathematics Anxiety 

Rating Scale (RMARS) and performance on a mathematics examination from 

264 educational psychology undergraduates (Plake, Smith & Damsteegt, 1981). 

Clute (1984) divided her 81 subjects into three levels of mathematics anxiety 

on the basis of MARS(98) scores. She reported a significant anxiety effect with 

high mathematics anxious students showing lower achievement on 

University of California and California State University Mathematics Tests 

than low mathematics anxious students, (f(2, 68) = 4.96, 12. ::;;;.01). 

Researchers who have used the Fennema and Sherman (1976) mathematics 

anxiety scale include Betz (1978) who found correlations between that scale 

and the American College Test (Mathematics) ranging from r for 84 

students in a basic mathematics course to !. = .40 for 120 students in 

introductory psychology. It is interesting to note that, in the latter group, the 

correlation between mathematics anxiety and mathematics achievement was 

much lower for the 47 male subjects (r = .17) than it was for the 73 females 

<.r .42). A more recent study by Hackett and Betz (1989) reported a correlation 

of!. between the same two measures from a sample of 181 university 
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students an introductory psychology course. Separate correlations for 

females and for were not reported. 

Some studies have failed to find significant relationships between 

mathematics anxiety measures and mathematics performance. Gliner (1987) 

obtained scores from high school students on the MARS-A and from the 

mathematics section of the California Test of Basic Skills. A non-significant 

correlation of r::= resulted. Resnick, Viehe and Segal (1982) were unable to 

report significant correlations between the MARS and mathematics course 

grades for anyone of five different university mathematics classes. LIabre 

and Suarez (1985) found that mathematics anxiety, as measured by the 

RMARS, did not significantly improve the prediction of either males' or 

females' grades in a first year college algebra course if the influence of 

mathematics aptitude was controlled. Finally, Fulkerson, Galassi and Galassi 

(1984) also found a non-significant relationship between mathematics anxiety 

(MARS) and performance on a series of mathematics problems. 

Significant correlations have been obtained in a number of studies between 

the Differential Aptitude Tests' Numerical scale and scores on the MARS. 

Richardson and Suinn (1972) reported a correlation of r = -.64, S.Ol, from 30 

students in an advanced psychology class. Suinn, Edie, Nicoletti and Spinelli 

(1972) used a larger sample of 119 university students and obtained 

correlations of r = -.35 and r. = -.32 on a second testing two weeks later. 

Buckley and Ribordy (1982) also noted from analyses of variance that high 

mathematics anxious subjects performed significantly worse on the DAT than 

did low mathematics anxious subjects, a: (1,32) == 14.25, l2. S.001). The study by 

Buckley and Ribordy was the only one of the three studies to examine gender 

differences and reported that additional analyses indicated that there were no 

significant differences between males and females for either mathematics 

anxiety or scores. 
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After summarising a number of studies, Reyes (1984) says that none showed a 

clear cause/effect relationship between mathematics anxiety and 

achievement. Hembree (1990), in a meta-analysis of mathematics anxiety 

research, reported mean correlations between mathematics anxiety and 

performance for both school and university samples. Separate correlations 

for males and females are reported for pre-university students between 10 and 

17 years of age. Correlations between performance measures and 

mathematics anxiety for males range from !. := -.46 to !. := -.28, which are 

generally higher than the correlations for females which range from r:= -.39 to 

r = -.16. The range for university students is reported as being from r = -.64 to 

r = -.04. Clearly the relationship of mathematics anxiety to performance is 

heavily dependent on the type of measures which are used and the nature of 

the sample which is studied. For example, mathematics anxiety (MARS & 

MAS (Fennema & Sherman, 1976» added substantially to the prediction of 

mathematics test performance for older females in a mathematics anxiety 

treatment programme (Rounds & Hendel, 1980a). Contrary to this, Resnick, 

Viehe and Segal (1982) found that knowledge of MARS scores did not 

significantly assist in the prediction of mathematics performance of students 

in four different mathematics classes. 

While it appears safe to conclude that there is a negative relationship between 

mathematics anxiety and both mathematics perfomance and mathematics 

aptitude the magnitude of this relationship varies greatly from study to study. 

In the studies reported in this section the relationship between mathematics 

anxiety and mathematics performance ranges from correlation of r = -.17 to 

r = -.45. For mathematics anxiety and mathematics the range is 

larger; from r = -.12 to r = -.64. 
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of Mathematics Anxiety 

Considerable interest has been shown in the relationship between 

mathematics anxiety and test anxiety. As might be correlations 

between mathematics anxiety and test anxiety measures have generally been 

found to be moderately high and positive. Rounds (1980b) 

reported a correlation of r :::::: .75,12., :::;,01, between the mathematics anxiety 

scale of the MARS and the Suinn Test Anxiety Behavior Scale (STABS, 

Suinn, 1969). A lower correlation was expected, and obtained, between the 

numerical anxiety scale of the MARS and STABS, r. (~:::;.01). Dew, 

Galassi and Galassi (1983) used the Test Anxiety Inventory (T AI) devised by 

Spielberger (1977) which includes subs cales for worry and emotionality. 

Correlations between MARS(98) and emotionality were r. .53 for women 

and r. == .56 for men. Worry and MARS(98) correlations were not significantly 

different; r == .51 for 550 women and r. .56 for 209 men. The researchers 

reported that mathematics anxiety was not as strongly related to test anxiety as 

they had expected. Dew et al. (1983, p. 446) also noted that the finding that 

math anxiety was about equally related to both the worry and emotionality 

components of test anxiety, was contrary to test anxiety theory. Betz (1978) 

was another researcher who found that the worry and emotionality 

components of the T AI both had similar relationships to mathematics anxiety 

as measured by the Fennema and Sherman (1976) Mathematics Anxiety Scale. 

The correlation for emotionality and mathematics anxiety was r:::::: -.38 and for 

worry and mathematics anxiety r ::::: -.43 for data obtained from 182 first year 

psychology students. 

Hunsley (1978) reported that the finding that test anxiety and mathematics 

anxiety were significantly correlated was consistent with previous research 

r::::: .31, (;g :::;.001). The instruments used were the debilitating scale of Alpert 

and (1960) Achievement Anxiety Test (AAT-) and the MARS(98). 
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Plake, Smith and Damsteegt (1981) examined 264 undergraduates for 

relationships between both the debilitating and facilitating scales of the AA T 

and the 24 item RMARS. They obtained correlations of .r. := .54 (AAT

/RMARS) and .r. := -.29 (AAT+/RMARS). Rounds and Hendel (1980b) 

predicted that there would be a stronger relationship between test anxiety and 

the Mathematics Test Anxiety factor of the MARS than between test anxiety 

and the Mathematics Numerical Anxiety factor. This was supported by data 

from 67 females in a mathematics anxiety programme with correlations of 

.r. =.49 and .r. = -.29 on AAT- and AAT+ with mathematics test anxiety. 

Numerical task anxiety correlated r = .32 with the AAT- and r := -.12 with the 

AAT+. 

It would seem logical to consider that there might be some relationship 

between mat~ematics anxiety and general anxiety. Dreger and Aiken (1957) 

claimed that mathematics anxiety was distinct from general anxiety, although 

the correlation of r = .33 which they obtained between the Number Anxiety 

Scale and Taylor's Manifest Anxiety Scale indicated that there was some 

relationship between the two constructs. That the association between 

mathematics anxiety and general anxiety might be stronger for men than for 

women was suggested by the research of Llabre and Suarez (1985). They 

found that correlations between the Sarason General Anxiety Scale and 

RMARS were significantly higher for the 72 men (r = .50) than for the 112 

women (r = .24). Sepie and Keeling (1976), on the other hand, found that 

correlations between The General Anxiety Scale for Children (Sarason, 

Davidson, Lighthall, Waite & Ruebush, 1960, in Sepie & Keeling, 1976) and 

their Mathematics Anxiety Scale for Children were very similar for both 

males and females <r = .43 and r = .46, respectively). 

Byrd (1982, in Reyes, 1984) believed that mathematics anxiety tended to be 

more of a state, or situationally specific, anxiety than a trait, or stable 
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personality characteristic. This assertion appears to be supported by Buckley 

and Ribordy (1982) who reported that subjects with high mathematics anxiety 

as measured by the MARS(98) reported significantly higher levels of state 

anxiety (STAl, A-State) than subjects with low levels of mathematics anxiety, 

CE(l,32) = 4.25, 12. ~.05). The STAl, A-Trait scale was not administered. On the 

other hand, Betz (1978) administered the A-Trait scale of the STAr and not the 

A-State scale. She found that high mathematics anxiety (MAS, Fennema & 

Sherman, 1976) was associated with higher levels of trait anxiety (r := -.28). 

Plake, Smith and Damsteegt (1981) found that there was no difference in the 

correlations between the RMARS and the two ST AI measures, with 

correlations of r = .52 being obtained in both cases. 

Seven studies which examined the relationship between mathematics anxiety 

and general anxiety were included in an analysis of mathematics anxiety 

research by Hembree (1990). The mean correlation is reported as r = .35 with 

the highest correlation between the two variables being r = .50. A mean 

correlation of r = .42 was obtained from four studies which included measures 

of both state anxiety and mathematics anxiety. Results from eleven studies 

yielded a mean correlation of r = .38 between trait anxiety and mathematics 

anxiety. Hembree (1990) reported that the highest correlations between 

mathematics anxiety and state and trait anxiety were r = .52 and r = .54, 

respecti vel y. 

In summary, research has shown moderately high positive relationships 

between mathematics anxiety and measures of test anxiety with correlations 

ranging from r:::: .31 to r = .75. General anxiety was also moderately correlated 

with mathematics anxiety, the mean correlation of r = .35 suggesting that 

there is value in considering mathematics anxiety separately from general 

anxiety. Whether mathematics anxiety is more closely related to state anxiety 

than to trait anxiety is unclear as very similar correlations were obtained 
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between mathematics anxiety and each of these two measures. It is difficult to 

reach any conclusion about gender differences in the relationship between 

mathematics anxiety and the other anxiety measures reported here as 

insufficient data were available. 

1.5.3. The Relationship of Mathematics Anxiety to Other Attitudes Towards 

Mathematics. 

This section looks at research which has studied the relationship between 

mathematics anxiety and confidence in solving mathematics problems, often 

also called mathematics self-efficacy. A study which looks at the association 

between mathematics anxiety and anxiety about computing is also reviewed. 

Lindbeck and Dambrot (1986) reported that MAR5(98) scores were negatively 

related to attitudes towards solving mathematics problems, (r = -.43, !2. ~.05) 

and mathematics confidence, (r = -.64, !2. ~.Ol) for 17 participants prior to a 

mathematics and computer anxiety workshop. Butler (1981) administered the 

Fennema and Sherman (1976) mathematics attitude scales to 344 female 

students in their first year at university. She reported correlations between 

mathematics anxiety and confidence in mathematics of !. = .39 (!2. ~.OOl) for 

the entire sample and r = .47, (12. ~.OOl) for a subsample of 62 high mathematics 

anxious students. 

Hackett and Betz (1989) examined mathematics self-efficacy and asked 

students to indicate how confident they were about sucessfully completing 

mathematics tasks, courses and problems. They used Betz' (1978) adaptation 

of the Fennema and Sherman (1976) mathematics anxiety scale and found a 

significant correlation of r = .56, (12. ~.Ol), between mathematics self-efficacy 

and mathematics anxiety for 255 undergraduate psychology students. An 
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earlier study by Gourgey (1984) found a correlation of similar magnitude 

(r:: -.62) between the MARS(98) and a 27 item Mathematics Self-Concept 

Scale. 

It is logical to assume that students who react negatively to mathematics 

might also have negative reactions to other mathematics related endeavours 

such as computing. Dambrot, Watkins-Malek, Silling, Marshall and Garver 

(1985) found a correlation of r:: -.24 (g. ~001) for 198 males and!. = -.23 

(12. ~.001) for 342 females between mathematics anxiety measured by the 

Fennema and Sherman (1976) scale and attitudes towards computers 

measured on a 20 item instrument devised by Dambrot et al. (1985). 

The studies reported above indicate that those who are highly mathematics 

anxious are likely to have less confidence in their ability to correctly perform 

mathematical calculations than those who have low levels of mathematics 

anxiety. It also appears that students who are mathematics anxious may also 

be likely to respond negatively to computing. 

1.5.4. The Relationship of Mathematics Anxiety to Other Variables. 

Researchers have also been interested in the relationship between 

mathematics anxiety and a number of other variables not reported thus far. 

Reviewed in the following section are studies which examine the 

relationship between mathematics anxiety and general intelligence, frequency 

of negative cognitions, cognitive learning style, scholastic achievement and 

instructional methods. 

Nonsignificant correlations between number anxiety and the Wechsler

Bellevue Intelligence Scale (Weschler, 1944, in Dreger and Aiken, 1957) led 



11'OIT'::>1' and Aiken to conclude that general intelligence and 

were not related. Higher levels of mathematics anxiety were 

associated with more frequent negative cognitions (Hunsley, 1987). 

finding was also reported by Buckley and Ribordy (1982). the 
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Fulkerson, Galassi and Galassi (1984) claimed that cognitions did not vary as a 

function of either mathematics anxiety or gender. contradictory results 

obtained by Fulkerson et al. might be attributable to the fact that they did not 

use the same measure of cognitions (the Cognitive Interference 

Questionnaire, Sarason, 1978, in Hunsley, 1987) which had been used in the 

other two studies. 

Wilhelm and Brooks (1980) found interesting relationships between 

scholastic achievement and levels of mathematics anxiety of high school 

students and their parents. For low ability students, correlations between the 

mathematics anxiety scores of children their same sex parent were high; 

between fathers and sons!. = .59 (l2. S.Dl) and between mothers and daughters 

!. ::::: .64 (l2. S.DS). Correlations of mathematics anxiety levels between students 

and same sex parents were much lower for medium and high ability groups. 

It appears that mothers may have considerable influence on the mathematics 

anxiety felt by their daughters, particularly if the child is a low ability student. 

The data suggest that the same holds for fathers and their sons. Wilhelm and 

Brooks argued that a parent, as a salient sex role model, could easily pass on 

learned anxiety towards mathematics. However, their research suggests that 

this influence decreases as the ability of the child increases. 

Research by Hadfield and Maddux (1988) showed a relationship between 

mathematics anxiety and cognitive learning style. Field dependent learners 

had significantly mean mathematics anxiety scores than those who 

were field independent. Interactions between mathematics anxiety, cognitive 

style, gender levels of achievement prompted Hadfield and Maddux to 
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caution that their findings suggested that it was still possible for students to be 

mathematics anxious even if they were male and were achieving well. 

Findings from a study by Clute (1984) suggest that it may be important to 

consider mathematics anxiety level when deciding on the type of 

instructional method to be used in a mathematics class. Clute reported that 

high mathematics anxious students did better with an expository teaching 

method while low mathematics anxious students did better under a discovery 

method. Research by Buckley and Ribordy (1982) has indicated that the 

performance of students with high mathematics anxiety was affected more by 

evaluative instructions than was the performance of low mathematics 

anxious students. This appears to suggest that a change to neutral or non

evaluative instructions might benefit the high mathematics anxious student. 

Unfortunately, Buckley and Ribordy found that this was not the case. 

The studies reported here suggest that mathematics anxiety is not related to 

intelligence. There is some evidence, although not unequivocal, that 

mathematics anxiety might be associated with both negative cognitions and 

field dependent learning. Research has also indicated that parents may 

influence the levels of mathematics anxiety experienced by their children. 

Finally, in the interests of providing the most effective teaching for 

mathematics anxious students, the relationship between mathematics anxiety 

and different types of teaching methods needs to be investigated further. 

1.6. Mathematics Anxiety Treatment Programmes. 

1.6.1.Summary of Mathematics Anxiety Treatment Programmes. 

Programmes designed to treat the problem have flourished since the early 

days of mathematics anxiety research. There many reports of such 
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programmes and these often describe the programme content in detail. 

However the programmes' efficacy is often less open to scrutiny. A cursory 

review of the literature gives the impression that every mathematics anxiety 

programme which has ever been attempted has proved successful (Wright" 

1981). A closer examination of the literature indicates that few programmes 

publish adequate short term evaluations while even fewer provide evidence 

of long term effectiveness. Cynical reviewers might also wonder about the 

number of unsuccessful programmes which never reach their attention. 

One way of categorising mathematics anxiety treatment programmes is on a 

continuum from approaches dominated by an emphasis on mathematics 

remediation or instruction to those which are exclusively concerned with 

counselling. A survey by Dueball and Clowes (1982) used such a continuum. 

They found that 11 of 62 Virginia colleges offered on-going mathematics 

anxiety treatment programmes" the majority being offered by colleges with a 

student enrolment of at least 8,,000. From an analysis of eight of these 

programmes, Dueball and Clowes found that only five institutions used 

entrance interviews, exit interviews or rating scales to assess levels of 

mathematics anxiety prior to entry into the programme. Dueball and Clowes 

also analysed both the objectives and emphases of the programmes. Seven of 

the eight stated that either the objective" or one of the objectives, was to deal 

with the psychological factors influencing anxiety. Two of these seven also 

aimed to improve students' existing mathematical knowledge and to add 

new mathematical knowledge. One programme's objective was solely to help 

students accumulate new mathematical knowledge. 

The emphasis of the content of each of these programmes in relation to the 

stated aims is interesting. Two colleges, where the sole objective was to deal 

with psychological factors, provided a programme which was entirely 

mathematics-dominated. The programme at another college, with the stated 
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aim of adding to students' mathematical knowledge, had as much a 

counselling as a mathematical emphasis. As Dueball and Clowes (1982) 

pointed out these inconsistencies imply that these educators were not sure of 

either their real goals or of the nature of mathematics anxiety. 

It is useful to examine anxiety treatment programmes using 

Dueball and Clowes' (1982) distinction between those which are dominated by 

a remedial mathematics approach from those which are counselling 

dominated. A focus on improving mathematics performance is advocated by 

those who see mathematics aptitude as being more important than 

mathematics attitude. Dew, Galassi and Galassi (1983), Fulkerson, Galassi and 

Galassi (1983) and Siegel, Galassi and Ware (1985) believe that interventions 

which concentrate on increasing mathematics skills may reduce mathematics 

anxiety as a by-product. The importance of aptitude is also highlighted by 

Johnson (1984), who found that differences in aptitude were more important 

than attitude and experience differences in contributing to male students' 

superior performance at solving word problems. He concluded that these 

results suggested that remediation of females' deficiencies would not result 

solely from an attempt to improve attitude. 

There are few reported studies of mathematics anxiety treatment programmes 

which concentrate solely on teaching mathematical skills. One is that by 

Lindbeck and Dambrot (1986). In addition to lectures on mathematics 

achievement and anxiety research, the 17 secondary school teachers involved 

in the study participated in mathematics exercises in a mathematics 

laboratory. spite of an almost exclusive focus on mathematics activities, 

Lindbeck and Dambrot's aim was to change mathematics attitudes. They 

found that the treatment did not result in a more positive attitude to 

mathematics, as measured by a semantic differential instrument which 

participants completed before and after the programme. Although no 
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concrete supporting evidence was given, Ben-Jacob (1986), in another study of 

the effectiveness of a mathematics workshop, claimed that the attitudes of the 

ten adult participants became more positive and their ability increased. 

Workshop sessions involved discussion, peer support and the teaching of 

mathematics skills. 

mathematics anxiety 

that the aims of workshop were to reduce 

mathematics skills, the of emphasis on 

the counselling aspect surprising. 

There are a number of research studies and treatment programmes which 

combine mathematics tutoring and psychological methods with the aim of 

improving both mathematics skills and attitudes. A programme, reported by 

Genschaft (1982), aimed to reduce mathematics anxiety and to improve 

mathematics performance in 36 adolescent girls. Groups of 12 were randomly 

assigned to ordinary mathematics classes, to classes plus tutoring or to classes, 

tutoring and cognitive therapy. The third group was the only one to improve 

significantly on the computations section of the Stanford Diagnostic 

Mathematics Test. Genschaft also claimed that this group developed a more 

favourable attitude towards mathematics, but no data were given in support 

of this claim. 

Using four groups of nine university students, Bander, Russell & Zamostny 

(1982) found that the group taught mathematics study skills achieved a 

significant improvement on both mathematics anxiety (MAS) and 

mathematics performance (DAT) at the conclusion of a five week 

programme. A three-week follow-up found that cue-controlled relaxation 

was more efficacious in reducing mathematics anxiety and improving 

mathematics performance than the study skills, combined study 

skills/relaxation or control groups. 
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Kostka and Wilson (1986) attempted to reduce mathematics anxiety in 18 

mature or nontraditional-age female university students with an average age 

of about 35 years. The programme consisted of eleven sessions, each devoting 

an hour to mathematics skills and another hour to anxiety reduction. The 

anxiety reduction section included training to increase the frequency of 

positive self-statements, progressive relaxation and systematic 

desensitization. Significant reductions in both mathematics and test anxiety 

were achieved, with scores on the MARS(94) dropping from a pretest mean of 

M = 297.00 to M = 196.77, (1(17) = 7.36, 12. ~.001), at posHest. Scores on the 

Descriptive Test of Mathematical Skills (DTMS) (Educational Testing Service, 

1979, in Kostka & Wilson, 1986) were also significantly better at post-test, 

although Kostka and Wilson cautioned that this significance must be 

interpreted cautiously because of the possible influence of practice effects. 

Hendel and Davis (1978) examined the short term effects of various 

components of a mathematics anxiety programme on the levels of 

mathematics anxiety of adult women. 69 women participated in a three hour 

diagnostic clinic after which they could choose whether to attend a special 

mathematics course. There was also the opportunity of attending a weekly 

support group which included writing a mathematics autobiography, 

cognitive restructuring, desensitization and relaxation training. Of the 47 

women who completed the MARS(94) both before and after the programme, 

all three groups decreased significantly on the mathematics anxiety measure. 

MARS(94) scores for those in the diagnostic clinic fell from M = 248.71 to 

M = 234.39, <1(68) = 2.17, l2. ~.05). Scores for women attending the mathematics 

course dropped from M := 207.12 to M :::: 169.87, <1(68) = 2.60, l2. ~.01). Those 

who attended both the mathematics course and the support group showed 

the greatest decrease, with mathematics anxiety scores being M = 251.18 before 

the programme and M :: 177.54 afterwards <1(68) = 3.78,12. ~.01). 
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A number of programmes similar to that reported by Hendel and Davis (1978) 

are run in American universities. On the basis of a long established 

programme at Wesleyan College, Tobais and Donady (1977) optimistically 

concluded that a programme similar to that college's mathematics clinic 

could go a long way toward changing the mathematics attitudes and 

behaviors of a whole suggested that the significant elements in 

such a programme would include desensitization (mathematics 

autobiographies and journals), immersion (review of previously learned 

mathematics materia!), psychological support and innovative, non~ 

threa tening teaching. 

In some cases, the reduction of mathematics anxiety is attempted solely by 

psychological means. Streim and O'Brien (1981) treated 72 high school 

students for mathematics anxiety using either negative practice (practice in 

exaggerating anxiety reactions to aversive imaginal stimuli), anxiety 

management training or "pseudotherapy/placebo". A wait list control group 

was included. All treatments produced significantly lower mathematics 

anxiety (MARS) and DAT scores than the wait-listing procedure, with the 

"pseudotherapy /placebo" treatment producing effects that were not 

significantly different from the recognised methods. 

Several different behaviour therapy methods have been used for reducing 

mathematics anxiety. Suinn, Edie and Spinelli (1970) found that subjects 

treated for mathematics anxiety by accelerated systematic desensitization 

showed as much improvement in mathematics anxiety (MARS) and 

performance (DAT) as subjects treated with a standard systematic 

desensitization procedure. Unfortunately a single-case research design was 

not used and the lack of a control group makes it difficult to evaluate these 

changes. This shortcoming was rectified in a study by Richardson and Suinn 

(1973). Both forms of desensitization resulted in a significant reduction in 
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mathematics anxiety (MARS) while there was no such decrease for subjects in 

the control group. Scores on the DAT improved with treatment but the 

differences were not significant. Suinn and Richardson (1971) found that 

anxiety management training was as effective as systematic desensitization in 

reducing mathematics anxiety (MARS) and improving performance (DAT). 

Richardson and Woolfolk (1980) noted that while the different therapies may 

have had an impact on mathematics anxiety, it is not clear that they are 

effective in improving math performance or that they are successful in 

modifying other attitudes that might influence participation in, and 

enjoyment of, mathematics-related activities. 

Kogelman and Warren (1978) are two authors who take the view that 

mathematics anxiety is a question of attitude rather than aptitude. Walker 

(1981) outlined several programmes which were being used to alleviate 

mathematics anxiety, all of which were based on beliefs similar to those of 

Kogelman and Warren. Such programmes included activities such as 

developing a mathematics autobiography, debunking 'maths myths' 

(Kogelman & Warren, 1978) and discussing and analysing feelings towards 

mathematics. In a similar vein, Mugrage (1981) used a combination of coping 

skills and desensitisation and found results with four subjects were 

encouraging. Unfortunately, although measures of mathematics anxiety 

(MARS) were obtained before and after the programme, the results are not 

reported. Shodahl and Diers (1984) included writing a mathematics 

autobiography, dispelling maths myths and relaxation training in a 

programme for 40 students and found that the mean MARS(98) score for the 

group dropped from 311.3 to 213.0 at the end of the semester long course. 

Written comments made by the students after the course pointed to the 

importance of the relaxation exercises and the supportive nature of the group 

in helping them gain control over their emotional reactions to mathematics. 
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benefits were not limited to mathematics tasks as students also reported 

increased ability to manage anxiety in other situations. 

There are others who would argue that mathematics would be better 

treated in the classroom. Greenwood (1984) unequivocally that the 

solution to the problem of mathematics anxiety almost exdusively in the 

area of mathematics education. Both Frankenstein (1984) and Hunt (1985) 

offer suggestions for alleviating mathematics anxiety in students, such as 

avoiding sex-role stereotyping of mathematics, making students aware of the 

usefulness of mathematics, dispelling 'math myths' and providing a relaxed 

and supportive classroom environment. Other authors advocate that the 

prevention of mathematics anxiety is better than trying to cure it and give 

guidelines on how to teach mathematics so that students do not become 

mathematics anxious (Morris 1981, Martinez, 1987). Guidelines include 

matching instruction to cognitive levels, using concrete materials to teach 

content and making sure each concept is understood before going further. 

Brush (1980) has also suggested strategies for encouraging positive feelings 

towards mathematics in high school pupils. Such strategies include creating a 

relaxed atmosphere in mathematics dassrooms, presenting information to 

students on mathematical careers and devising programmes on the 

usefulness of mathematics for parents and teachers. 

1.6.2. Critique of Mathematics Anxiety Treatment Programmes. 

Mathematics anxiety treatment programmes suffer from a number of 

limitations. One the problem, pointed out by Dueball and Clowes (1982), 

that many researchers and treatment programmes do not make it clear 

whether they are to treat mathematics anxiety per se, or to improve 

mathematics performance. Those who are concerned with alleviating 
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mathematics anxiety may focus on either the cognitive, somatic, or 

behavioural component. A treatment which is efficacious for one 

component may not be so for any other one. Because practitioners and 

researchers often fail to clarify exactly what they are trying to treat, the 

methods that they use are sometimes inappropriate as, for example, where 

tuition in mathematics an attempt to reduce mathematics anxiety. 

In many cases the nature of the subjects used in treatment programmes limits 

the generalisabilty of the findings. Subjects have tended to be female 

students, Genschaft (1982) for example, and frequently older females (Hendel 

& Davis, 1978; Ben-Jacob, 1986). This is not surprising given that there is 

some evidence to suggest that women, and particularly women with fewer 

years of mathematics education, may be particularly vulnerable to 

mathematics anxiety (Betz, 1978; Heller Kogelman, 1982). However, some 

male students suffer from mathematics anxiety and the belief that treatment 

programmes devised for and applied to women will also help males is an 

assumption which remains to be tested. 

Another problem with the studies which report the results of mathematics 

anxiety treatment programmes is that of the very small sample sizes which 

are often used. A report by Mugrage (1981) was based on only four subjects. 

Genschaft (1982) used three groups of students, while Bander, Russell and 

Zamostny (1982) used 36 subjects distributed over four groups. A total of ten 

subjects participated in Ben-Jacob's (1986) programme and 18 in that of Kostka 

and Wilson (1986). Any findings from studies such as these must be treated 

very cautiously. In addition, the evaluation of the success of treatment 

programmes is hampered by the failure of many to use control groups. In 

single subject research designs may have a potential utility which 

mathematics anxiety researchers have not explored to date. 
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Changes in levels of mathematics anxiety are often impossible to assess 

because of a lack of pre and/ or posttesting. Sometimes it is reported that 

participants evaluated a programme positively (Burton, 1987; Walker, 1981). 

While the success of a programme may partly depend on the participants l 

reactions to it, knowing it was enjoyable says nothing at all about whether 

mathematics anxiety was decreased. In addition, few mathematics anxiety 

treatment programmes have reported using any form of follow-up testing to 

find out whether any changes in mathematics anxiety which were achieved 

by the programme persisted after treatment. Where levels of mathematics 

anxiety are assessed, either prior to a programme, at the end of one or some 

time later, there is often little psychometric support for the instruments 

which are used. 

1.7. General Limitations of Mathematics Anxiety Research. 

There is no dear pattern regarding the frequency or incidence of mathematics 

anxiety. Stodolsky (1985) said that part of the problem was that arbitrary and 

differing standards had been applied to categorise individuals as mathematics 

anxious. Certainly many different measures have been used and thus the 

results from mathematics anxiety studies are seldom comparable. In 

addition, some scales which are used lack adequate psychometric 

information. The extent of mathematics anxiety in any given sample appears 

to depend both on the instrument being used and the nature of the sample. 

Many studies have used small sample sizes and subjects have most often 

been university students. Therefore little is known about the prevalence of 

mathematics anxiety in other populations. The field is also fragmented 

because of the lack of any theoretical basis for almost all of the mathematics 

anxiety literature. 
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In the case of the MARS, which is the most widely used scale, and which in 

its various forms, appears to be the most psychometrically sound measure of 

mathematics anxiety in use at present, researchers have failed to pursue the 

findings of a number of studies which have found convincing evidence for 

treating that scale as consisting of at least two factors. An additional 

complication was raised Aiken (1970) who suggested that the concept of a 

general attitude towards mathematics should be supplemented with that of 

attitudes towards more specific aspects of mathematics. Should, for example, 

mathematics anxiety researchers be considering calculus anxiety separately 

from arithmetic anxiety? This issue will be addressed in subsequent sections 

of this thesis. 

Although more studies in recent times have looked at the possibility of 

male/ female differences, some still fail to consider gender issues in 

mathematics anxiety research. Most mathematics anxiety research lumps all 

mathematics anxious subjects together and ignores the fact that there may be 

more differences than similarities among the members of a high 

mathematics anxious group of students. Brown and Nelson (1983) cautioned 

that treating all test anxious students as being alike and assuming that they all 

perform poorly may be unfounded. The same is probably true for 

mathematics anxious students. Butler (1981) also warns that mathematics 

anxiety might be very different for different types of people. 

It is dear that mathematics anxiety research is disorganised, atheoretical and 

of variable quality. Obviously there is still much that could be done in the 

area. On the other hand, mathematics anxiety may have already attracted 

more interest than it deserves. Rounds and Hendel (1980a, 1980b) have 

suggested that it is nothing more than a reflection of other factors such as test 

anxiety, lack of confidence in learning mathematics and/or underdeveloped 

mathematics skills. Stodolsky (1985) implied that the popular status of 
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mathematics anxiety may be unwarranted when she asked whether the 

number of adults who dislike or avoid mathematics is any than the 

numbers who might similarly avoid learning a foreign language, or 

other pursuits. However, the volume of literature that published 

indicates that, at present, mathematics anxiety continues to hold 

many researchers. 
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Chapter 2 .. 

GENERAL INTRODUCTIONs 

an increasingly technological society, mathematics is becoming an 

increasingly important discipline within our occupational and educational 

Betz (1978) has pointed out that a knowledge of mathematics is 

critical in many occupations. In addition, particularly at the tertiary level, 

many if not the majority of subjects include some form of mathematics. 

Students who can not do, or choose not to do, mathematics seriously restrict 

the range of careers from which they may choose. Sells (1973, in Betz, 1978) 

described mathematics as a critical filter in the job market with students who 

drop the subject severely limiting their educational and vocational options. 

These concerns are well-founded as it appears that mathematics is a subject 

which evokes stronger reactions, and in particular stronger negative 

reactions, than almost any other school subject. In extreme cases these 

negative reactions may be sufficient to cause students to actively avoid the 

subject. 

Given the importance of mathematics, understanding negative mathematics 

attitudes may make it possible to effect changes. Being able to change 

negative mathematics attitudes could give a wider range of educational and 

occupational choices to those whose fear of the subject forces them to avoid 

any job or course of study with a mathematical component. Concerns such as 

these have promoted the study of one particular negative mathematics 

attitude, namely mathematics anxiety. Researchers have tried to understand 

the nature of mathematics anxiety and to devise remedial approaches to the 

problem. their attempts to understand the nature of mathematics anxiety, 

a number of have found that it consists of several factors, 

including concern about learning mathematics and apprehension about 
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mathematics tests. Other researchers have investigated whether or not there 

are between gender differences with regard to the phenomenon. While 

mathematics anxiety has usually been treated as an affective reaction, some 

researchers have looked at whether there may also certain behaviours and 

patterns of cognitions associated with these feelings. 

The present research sought to further investigate the factors which might 

comprise mathematics anxiety. Information was also sought about the levels 

of mathematics anxiety in samples of New Zealand high school and 

university students. Possible gender differences in mathematics anxiety were 

also explored as existing research has reported conflicting findings regarding 

male and female differences, with some studies reporting that females were 

more mathematics anxious than were males while others found no 

difference between the genders. The present studies also aimed to add to 

existing knowledge about the relationship between mathematics anxiety and 

other anxieties, induding test and trait anxiety, and between mathematics 

anxiety and possibly associated cognitions. 

Five studies were carried out and these are reported in the balance of this 

thesis. Specifically, Study 1 factor analyses the Revised Mathematics Anxiety 

Rating Scale (RMARS) scores of a sample of first year university students and 

examines the relationships between mathematics anxiety and mathematics 

aptitude and ability. Variables which might moderate these effects, gender 

and levels of mathematics education, are also considered. Study 2 also uses a 

university sample and extends Study 1 by adding measures of test anxiety and 

measures of the cognitions associated with the performance of a 

mathematical Study 3 uses the same measures as Study 2 with a high 

school The data in these three studies are analysed using both 

correlational and multivariate analyses. 
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While the first three studies focus specifically on mathematics anxiety, the 

final two studies in the present are concerned with negative 

mathematics attitudes. On the of the information from Studies 1 to 3 

attention is directed, in Studies 4 to a way of measuring more general 

attitudes towards mathematics. reasons for this change in focus and for 

the choice of the Repertory as the research tool are given in 6, 

which precedes the reports of the two studies. 
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study by Sepie 

by Robitaille 

Garden (1989) give any information about the levels of mathematics 

anxiety reported by New Zealand students. The first used a primary school 

sample while the second investigated the problem with high school students. 

There appear to be no New Zealand data from the international population 

most often studied by mathematics anxiety researchers, namely first year 

university students. One of the aims of Study 1 was to obtain preliminary 

information about levels of mathematics anxiety among first year university 

students in a New Zealand setting. Information was also sought about the 

levels of mathematics anxiety reported by subsamples of males and females. 

On the basis of past research, which has proposed that the number of years of 

mathematics education may moderate levels of mathematics anxiety, 

attention was also directed at investigating relationships between years of 

mathematics education and levels of mathematics anxiety. It was expected 

that mathematics anxiety would be lower for those students, of either gender, 

who had higher levels of mathematics education. Some overseas studies 

have examined the relationship between mathematics anxiety and both 

aptitude and ability (Chapter 1.5.1). Again, the present study aimed to provide 

information on these relationships from a New Zealand sample. Another 

major area of interest was the dimensionality of mathematics anxiety. 

Research using the Mathematics Anxiety Rating Scale has reported at least 

two factors of mathematics anxiety, most commonly anxiety associated with 

mathematics tests that aroused by working with numbers. The Revised 

Mathematics Anxiety Rating Scale (RMARS), devised by Plake 
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as a potentially useful short version of the full .1." ..... -.. ........ ..1. 

of the RMARS are scarce and the present study .. UL ..... ..... 

to add to existing knowledge about the dimensionality of that scale. 

3.1.1. Subjects. 

The sample used in Study 1 consisted of 306 subjects of whom 123 were male 

and 183 female. All were students in an introductory psychology course 

offered at the University of Canterbury. This course prepares students for 

further study in psychology and includes a statistics component which is 

worth 10% of the total grade. Eleven out of the fourteen available laboratory 

classes were randomly selected during one week of the first term of the 

academic year. All students attending these classes participated in the study. 

The subjects' ages ranged from 17 to wi th more than 80% of them being 

under 20 years of age. The proportion of males and females in the sample 

was not significantly different from that of the total popUlation of students 

enrolled in the course. 

Instruments. 

Llabre (in Keyser & Sweetland, 1984) has pointed out that the MARS is the 

most psychometrically sound measure of mathematics anxiety. However, the 

major disadvantage of the MARS is that the full 98 item version takes a long 

time to complete. This problem can be over some by administering a 

shortened version, such as the Revised Mathematics Anxiety Scale 
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(RMARS; Plake & Parker, 1982, see Appendix A) and this was used in the 

present study. This 24 item scale, in which each item is scored from one to 

five, has been shown to correlate r = .97 with the full MARS. and has yielded 

a coefficient alpha reliability estimate of a. = .98. On the basis of this 

information the RMARS was considered to be an appropriate substitute for 

the full MARS (see also Chapter 1.3.1). 

Mathematics aptitude was measured by the Numerical Ability subscale of the 

Differential Aptitude Tests (Bennett, Seashore & Wesman, 1959). This is a 

commonly used test which is made up of mathematical problems ranging 

from simple to more complex and which was designed to assess a person's 

ability to reason with numbers, manipulate numerical relationships and deal 

intelligently with quantitative materials. Extensive information about the 

reliability and validity of the test is given in the DAT manual. Bennett et al. 

stated that DAT scales were useful predictors of course grades, even if there 

was a long period between testing and grading. As expected, the Numerical 

Ability scale correlated more highly with mathematics grades than did any of 

the other DAT scales. Split-half reliabilities of r = .90 for males and r = .86 for 

females were reported. An investigation of test/retest reliability with a three 

year interval yielded correlations of r = .75 for males and r = .74 for females 

(Bennett et al., 1959). Form A of the test was used and students were asked to 

complete as many items as they could within a ten-minute time limit. A 

measure of mathematics ability was obtained from the students' results on 

the mid-year psychology statistics examination. Subjects were also asked to 

indicate their age, gender and the highest level of mathematics education 

which they had completed. 
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3.1.3. Procedure. 

At the beginning of each class, students were asked if they would participate 

in research into attitudes towards mathematics. Participating subjects were 

told that they would be required to attempt a short series of mathematics 

calculations and to complete a questionnaire/rating scale. To control for the 

possible effects that doing the mathematics problems of the DAT might have 

on the completion of the RMARS, the order of presentation of the RMARS 

and the DAT was counterbalanced. Ten minutes was allowed for completion 

of the DAT. Subjects were allowed as much time as they required to complete 

the RMARS and this was usually about five minutes. Subjects were asked to 

indicate their gender and highest level of mathematics education before 

handing in their forms. 

3.2. Results and Discussion of Study 1. 

3.2.1. Statistical Analyses. 

The analyses were carried out using SPSSx (1986). Factor analyses were used 

to test whether the data from the present sample indicated that the RMARS 

(Plake & Parker, 1982) consisted of a number of separate factors. Factors were 

extracted using principal components analysis and the factors obtained 

subjected to several different methods of rotation. As correlations among the 

factors were expected, given the internal consistency of the RMARS items, 

factors were rotated to an oblique simple structure using the direct oblimin 

procedure (Gorsuch, 1974; Norusis,1988). An orthogonal solution was also 

considered by using the varimax rotation. A nonrotated factor solution was 

also considered. The criteria used to select the best factor solution included 
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the interpretability of the factors and the number of factors with an 

eigenvalue greater than one. These results are reported in section 3.2.2.1 

Levels of self-reported mathematics anxiety, for the total sample, by gender 

and by levels of mathematics education are reported in section 3.2.3.1. 

Correlations of mathematics anxiety with mathematics aptitude, 

achievement and education are given in section 3.2.4.1 Given that there may 

be an association between mathematics education and mathematics anxiety 

the effects of mathematics education are controlled in a series of partial 

correlations which are also reported in this section. Multiple regression, 

reported in section 3.2.5.1, was used to establish prediction equations for 

mathematics anxiety for each gender and for the entire sample. 

3.2.2.1. Factor Analyses of the RMARS. 

A principal components analysis was performed on all subjects' responses to 

the RMARS items. The first three factors yielded the following eigenvalues 

and percentage of total variance, 10.18 (42.4%), 1.67 (6.9%) and 1.24 (5.1 %). 

These three factors accounted for 54.4% of the total variance. The initial 

factors were rotated to both oblique (oblimin) and orthogonal (varimax) 

solutions. The results from both the oblique and the orthogonal rotations 

were very similar with the oblimin solution providing a more parsimonious 

representation of the results than did the varimax solution. The results of 

the factor analysis with oblimin rotation are shown in Table 3. Factor I was 

negatively correlated with both Factor II (r = -.41) and Factor III (r = -.50). 

Factors IT and ill yielded a positive correlation of r = .46. 
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Table 3 

Factor Loadings From a Factor Analysis with Oblimin Rotation of the Revised Mathematics 

Anxiety Rating Scale. 

RMARS item number 

6 

2 

9 

7 

8 

5 

1 

23 

24 

18 

21 

20 

17 

22 

12 

13 

11 

16 

3 

4 

15 

Factor I 

Thinking Abou t 

Mathematics 

.81 

.79 

.65 

.64 

.63 

.54 

.54 

Note: only factor loadings above .4 are shown. 

Eigenvalue 10.18 

Percentage of Total Variance 42.4 

Number of Items 7 

Factor II 

Evaluation of 

Mathematics 

~.80 

-.76 

-.74 

-.65 

-.59 

-.57 

-.45 

1.67 

6.9 

7 

Factor III 

Doing 

Mathematics 

-.77 

-.67 

-.62 

-.58 

-.58 

-.53 

-.48 

1.24 

5.1 

7 
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Each of Factors I, IT and ill was defined by seven items with factor loadings of 

more than .40 on relevant items and loadings of less than .40 on the 

irrelevant items. Three RMARS items did not have factor loadings of greater 

than .40 on any of the three factors. These items were "picking up a math 

textbook to begin working on a homework assignment" (item 10), "listening 

to a lecture in a math class" (item 14) and "solving a square root problem" 

(item 19). If only items with factor loadings above .50 are considered, two 

further items are eliminated. The first is item 15, "having to use the tables in 

the back of a math book" and the other is item 22, "being given a "pop" quiz 

in a math class" . 

Factor I consisted of items that were predominantly concerned with thinking 

about doing mathematics and listening to or watching others. The seven 

items that had salient factor loadings on Factor II were concerned with the 

evaluation of mathematics learning, such as taking mathematics tests or 

examinations. The third factor included items that described actual 

mathematics activities such as signing up for a mathematics course, using 

mathematics tables and working a mathematics problem. 

Separate factor analyses were also performed for both male and female 

subjects, however, the comparatively small subsample sizes mean the results 

must be treated cautiously. No clear factor structure was obtained for either 

group from an oblimin rotation of a principal components analysis. A 

varimax rotation yielded a four factor solution for females with the first factor 

having an eigenvalue of 10.65 and accounting for 44.4% of the total variance. 

The remaining three factors had eigenvalues of 1.92, 1.25 and 1.03 and 

accounted for 8.0%, 5.2% and 4.3% of the total variance. The results of the 

factor analysis of the RMARS items for female subjects are shown in Table 4. 
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Table 4 

Factor Loadin~s From a Factor Analysis with Varimax Rotation of the Revised Mathematics 

Anxiety Ratin~ Scale; Female Subjects Only. 

RMARS item number Factor I 

Doing 

Factor II Factor III 

Thinking About Evaluation of 

Mathematics Mathematics Mathematics 

16 

15 

14 

13 

10 

12 

17 

4 

3 

19 

18 

9 

7 

6 

2 

8 

11 

24 

23 

21 

20 

22 

1 

5 

.'71 

.67 

.63 

.60 

.59 

.58 

.56 

.54 

.49 

.47 

.40 

Note: only factor loadings above .4 are shown. 

Eigenvalue 

Percentage of 

Total Variance 

Number of Items 

10.65 

44.4 

11 

.54 

.43 

.40 

.70 

.68 

.67 

.67 

.63 

.63 

.43 

.45 

1.92 

8.0 

11 

.60 

.70 

.77 

.'71 

.70 

.64 

.54 

1.25 

5.2 

7 

Factor IV 

.68 

.65 

1.03 

4.3 

2 
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The nature of the items which comprised the first three factors were very 

similar to those reported in Table 3 for the entire sample, although the 

proportion of variance each accounted for differed in the two cases. However, 

in the female subs ample Factor I, which accounted for the greatest proportion 

of the total variance, contained items which were mainly concerned with the 

performance of mathematical tasks. Thinking about doing mathematics was 

the major focus of the items comprising Factor il. Factor III was concerned 

with the evaluation of mathematics learning, while the fourth factor 

consisted of only two items about watching or listening to someone working 

a mathematics formula. Several items had high loadings on two factors. A 

clearer factor structure is obtained if only factor loadings above .5 are 

considered. Items 3 and 19 do not load above .5 on any factor and items 18, 20 

and 22 load above .5 on Factor III only. 

In the male subsample a varimax rotation of a principal components analysis 

yielded five factors with eigenvalues greater than 1. The first factor had an 

eigenvalue of 9.15 and accounted for 38.1% of the total variance. The 

eigenvalues for Factors II and III were 1.82 and 1.32, accounting in turn for 

7.6% and 5.5% of the total variance. Factors IV and V accounted for 5.3% and 

4.7% of the total variance with eigenvalues of 1.26 and 1.12 respectively. The 

factor loading of each RMARS item on the five factors is shown in Table 5. 

The factor which accounted for the greatest proportion of the total variance, 

appeared to be similar to Factor I in Table 3. Both are mainly concerned with 

thinking about doing mathematics. Factor il consisted of items that described 

the performance of mathematical tasks. Evaluation of mathematics 

performance was the focus of the items comprising Factor ill. The factor 

structure for the male subs ample is less easy to interpret than that for the 
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Table 5. 

Factor Loadings From a Factor Analysis with Varimax Rotation of the Revised Mathematics 

Anxiety Rating Scale; Male Subjects Only. 

RMARS item number Factor I Factor II 

Thinking About Doing 

Factor III 

Evaluation of 

Mathematics Mathematics Mathematics 

Factor IV FactorV 

-------------------------------------------------------~-----~~~~-------

7 .77 

9 .69 

8 .68 

14 .60 

5 .57 

1 .52 .47 

13 .73 

22 .67 

3 .58 

19 .53 

15 .52 

16 .48 

18 

23 

24 

21 

20 

17 

10 

11 

2 

4 

6 .40 

12 .40 .41 

Note: only factor loadings above .4 are shown. 

Eigenvalue 

Percentage of 

Total Variance 

Number of Items 

9.15 

38.1 

8 

1.82 

7.6 

8 

.73 

.73 

.69 

.58 

.48 

.45 

.46 

1.32 

5.5 

7 

.40 

.45 

.41 

.42 

-.42 

1.26 

5.3 

5 

.40 

.84 

.72 

.70 

.64 

.44 

1.12 

4.7 

6 
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female subjects. All of the items in Factor IV, for example, load more highly 

on one of the other factors. Factor V is difficult to classify as it includes some 

items which refer to anticipating mathematics tasks and others about 

performing them. If only items with factor loadings of more than .50 are 

considered, no items load above that value on Factor IV. Items 12, 17 and 20 

do not load above .50 on any factor and items 1, 6, 9, 14, 15, 19 and 21 load 

above .50 on only one factor. 

3.2.2.2. Discussion of Factor Analyses. 

The data from the present study provide evidence that self-reported 

mathematics anxiety, as measured by the RMARS, consists of at least three 

factors. Factor analysis from the entire sample indicates that Thinking About 

Mathematics (Factor I) is the dominant factor. This factor could be seen as 

reflecting the cognitive aspects of mathematics anxiety. The second factor 

consists of items which involve the evaluation of mathematics learning. 

Subsequent analyses (Table 7) will show that this factor engenders the greatest 

emotional response of the three factors. The actual doing of mathematics, 

Factor III, appears to be related to the behavioural component of mathematics 

anxiety. This division of the RMARS into separate cognitive, behavioural 

and emotional factors can be seen as having much in common with a three 

component view of anxiety (Lang, 1971; Last & Hersen, 1988; Rachman, 1976). 

The results of the separate factor analyses for male and female subjects can 

also be seen as fitting into a three component framework. For females the 

most variance is accounted for by the factor involving Doing Mathematics, or 

the behavioural aspect. Factor IT, Thinking About Mathematics, again 

includes items which involve anticipating mathematical tasks, clearly a 

cognitive activity. Emotional reactions to mathematics, reported in Table 7, 
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are largely restricted to situations in which mathematics learning is being 

evaluated, Factor III, Evaluation of Mathematics Learning. The two items 

which comprise Factor IV involve listening to or watching someone else 

working a mathematics problem. items have a passive quality about 

them which suggests that this factor may involve something different from 

any of the other three aspects of mathematics anxiety. Perhaps mathematics 

anxiety may be aroused in a subject even if some other person is performing 

the mathematics task. 

For the male subgroup the cognitive factor, Factor 1, Thinking About 

Mathematics, makes the greatest contribution to the total variance. Factor II, 

Doing Mathematics, is predominantly behavioural while tor III, 

Evaluation of Mathematics Learning, is shown by Table 7 to reflect emotional 

responses to evaluative mathematical situations. Items in Factors IV and V 

include some statements which appear to be behavioural, such as "working 

on an abstract problem" and others which involve thinking about or 

anticipating mathematical tasks such as "walking into a maths class". This 

confuses any clear cognitive/behavioural distinction among the factors. 

However, this may simply be an artifact of a less than desirable sample size. 

For this reason the separate factor analyses of the male and female groups 

should be interpreted with considerable caution. 

It could be argued that it is more approriate to treat the RMARS as a single 

measure of anxiety. The unrotated factor loadings were all positive and 

ranged from!. .40 to!. :::: .77 and there were correlations of between!. == .41 

and r = .50 between the rotated factors. The overall reliability for the RMARS 

was a. == .94 with item-total score correlations of between!. .37 and !. == .72. 

However, and Hendel (1980b) have that high alpha 

coefficients and. high item-total score correlations are not necessarily 

indications of homogeneity. One major factor emerged in all three factor 
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analyses, as it has also done in the other factor analyses of the MARS reported 

in Table 1. It may be that these analyses, too, were not totally appropriate 

although insufficient information is given by the authors to assess this. It 

appears that a case could be argued for using either an unrotated or a rotated 

factor solution. The present study continued to examine rotated factor 

solutions of the RMARS items so that comparisons could be made with 

earlier research. 

3.2.2.3. Comparisons with Previous Factor Analytic Research. 

Several studies have factor analysed data from the use of the MARS and one 

from the RMARS. The study which is most directly comparable to the 

present one is that by Plake and Parker (1982). Their factor analysis of the 24 

item RMARS yielded two subscales which accounted for a total of 60% of the 

variance. In the present study, the three factors found in the first factor 

analysis accounted for 54.9% of the total variance. Plake and Parker included 

only those items which had factor loadings above.5. The first 16 items in the 

RMARS comprise what Plake and Parker called the Learning Mathematics 

Anxiety subscale. If the same criterion of factor loadings above .5 is used with 

the present data, it is found that seven of the 16 Learning Mathematics 

Anxiety items comprise Factor I, Thinking About Mathematics, and six make 

up Factor III, Doing Mathematics. Of the eight RMARS items which Plake 

and Parker call the Mathematics Evaluation Anxiety subscale, the present 

study found only two that did not have factor loadings of more than .5 on 

Factor II, Evaluation of Mathematics Learning, these being "solving a square 

root problem" and "being given a "pop" quiz in a math class". Given the 

non-evaluative nature of the first item it is surprising that it became part of 

Plake and Parker's (1982) Mathematics Evaluation Anxiety subscale. It may be 

that evaluation anxiety involves some anticipation of the likelihood or 
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consequences of evaluation. If this is so, a surprise test ("pop" quiz) may not 

allow time for this. On the other hand, the item may have a different 

meaning for this New Zealand sample than for the American students for 

whom the RMARS was originally devised. It appears, then, that the 

from the present study provide additional evidence for the existence of a 

separate evaluation anxiety subscale or factor of the RMARS. The present 

data also indicate that it might be useful to further divide Plake and Parker's 

(1982) Learning Mathematics Anxiety subscale into two separate factors, one 

of which involves the anticipation of mathematics tasks and the other the 

actual performance of such tasks. 

Several other comparisons may be made with studies that have factor 

analysed the full MARS. Of the Mathematics Test Anxiety and Numerical 

Anxiety subscales which Rounds and Hendel (1980b) derived from the MARS 

only seven items, all from the first subscale, are included in the RMARS. 

Only four of these are part of the present study'S Factor II, Evaluation of 

Mathematics Learning. These items include typically evaluative items such 

as "thinking about a test one day before". The remaining three Rounds and 

Hendel (1980b) items do not have anything to do with the evaluation of 

mathematics even though they appear in their Mathematics Test Anxiety 

subscale. Two of these items fall into Factor I, Thinking About Mathematics, 

in the present study; "walking into a mathematics class" and "thinking about 

a mathematics course". The other item, "signing up for a mathematics 

course ", is part of Factor III, Doing Mathematics. 

Resnick, Viehe and Segal (1982), also examined the dimensionality of the 

Of the three factors which they reported, only the major factor 

Evaluation Anxiety included any RMARS items. Six of the 19 items in 

",",,-,,,>AU',-L' et aL's Evaluation Anxiety scale were included the RMARS and 

these six items all loaded heavily on Factor II, Evaluation of Mathematics 



90 

Learning, of the present study. A study of Alexander and Cobb's (1984) factor 

analysis of the MARS shows that which they label Mathematics 

Test Anxiety includes all seven items in the corresponding factor in the 

present study, Factor II. However, Alexander and Cobb also included an item 

which loads heavily on Factor I, Thinking About Mathematics, in the present 

study, "starting a. new chapter in a math book". RMARS item "being 

given a "pop" quiz in a math class" "picking up a math textbook to begin 

working on a homework assignment" (item 10) are also included in 

Alexander and Cobb's scale but fail to reach the criterion of a factor loading of 

.4 on any of the three factors in the present study. 

It appears that the present factor analyses of the RMARS confirm earlier 

findings that mathematics anxiety scales consist of more than one factor. The 

data show that, for this sample, the RMARS can be viewed as consisting of a 

least three factors. These factors involve thinking about mathematics, doing 

mathematics and facing the evaluation of mathematics learning. There is 

also tentative evidence to suggest that the factor structure of the RMARS may 

be different for males and for females. 

3.2.3.1. Levels of Mathematics Anxiety. 

Total scores on the RMARS can range from 24 to 120. The mean mathematics 

anxiety score for this sample of Stage 1 psychology students was M == 58.73 (see 

Table 6). Female students reported significantly higher levels of mathematics 

anxiety (M == 61.06) than did males (M := 54.89, ti.304) 3.23 12. :::;;.001). Total 

scores for females ranged from 25 to 111 and those for males from 29 to 92. 

The total scores for female subjects showed greater variance than those for 

males, 17.36 and SO "'" 14.67, respectively. These scores translate into a 

mean item value of = 2.54 for females, which between"a little" and lin 
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fair amount" of self-reported anxiety. The mean item score for males was 

M == 2.29 or slightly more than "a little" anxiety. 

Plake and Parker (1982) reported that it was possible to treat the RMARS as 

two separate subs cales, one measuring anxiety about learning mathematics 

and the other mathematics anxiety. The present data were 

analysed in this way and significant differences between males and females 

were found on both the Learning Mathematics Anxiety subscale of the 

RMARS (items 1 - 16) and the Evaluation Anxiety subscale (items 17 - 24). 

Females scored higher than males in both instances. On the Learning 

Mathematics Anxiety subscale, male scores ranged from 17 to 58 while the 

maximum female scores ranged from 16 to 71. The possible range on this 

subscale is from 16 to 80. The mean total scores for males and females on this 

subscale were M = 31.62 and M == 35.03 respectively, (1(304) == 2.68, Q $.006). 

There was greater variance in the total scores for females,(SD == 11.74), than for 

males (SD == 9.51). Mean item scores for this subscale were M == 1.98 for males, 

less than "a little" anxiety, and M == 2.19 or just over "a little" anxiety for 

females. 

An even greater difference was found on the Evaluation Anxiety subscale, 

with the mean male total score being M == 23.28 while that for females was 

26.04 (1(304) = 3.65, l2. $.0002). The possible range of total scores on this 

subscale is from 8 to 40. Female total scores covered almost all of this range, 

from 9 to 40, with the range for males being from 11 to 36. The variance for 

females was a little greater than that for males, SD :::::; 6.78 and 6.07, 

respectively. Mean item scores were higher for this subscale than for the 

learning mathematics anxiety subscale, with males reporting almost "a fair 

amount 1/ of eM. == 2.91) and females reporting between "a fair 

amount /I "much /I anxiety (M :::::; 3.26). 
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Table 6 

Levels of Mathematics Anxiety in a Sample of Stage 1 Psychology Students. 

Mean SD Range Significance 

24 item RMARS (Range 24-120) 

Males (N=123) 54.89 14.67 29 - 92 

Females (N=183) 61.05 17.36 25 -111 !2.::;;.001 

Total (N=306) 58.73 16.76 25 -111 

Learning Mathematics Anxiety(Range 16-80) 

(Items 1 - 16) 

Males 31.62 9.51 17 - 58 

Females 35.03 11.74 16 -71 !2.::;;.006 

Total 33.77 11.17 16 -71 

Evaluation Anxiety (Range 8-40) 

(Items 17 - 24) 

Males 23.28 6.07 11-36 

Females 26.04 6.78 9 -40 !2.::;;.0002 

Total 24.96 6.65 9 -40 

If the RMARS is treated as consisting of the three different factors shown in 

Table 3, significant differences between the sexes are obtained on only two of 

the three factors (see Table 7). For each factor scores may range from 7 to 35. 

There was no significant difference between the mean anxiety level reported 

by females for Factor I (Thinking About Mathematics ) and that reported by 

males; M = 13.68 compared with M = 13.46. The range and variance of 

females total scores on Factor I ranged from 7 to 35, SO = 5.34. Male total 

scores on this factor were between 7 and 28 with a standard deviation of 

SO = 4.59. On Factor II, Evaluation of Mathematics Learning factor, females 

anxiety ratings were much higher than those for males; M = 23.55 compared 

with M = 21.31 <1(304) = 3.25,11 ::;.002). Male total scores ranged from 10 to 34 

and female scores from 7 to 35. Standard deviations were SD = 5.69 for males 

and SO = 6.04 for females. Differences between the males and females were 
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particularly marked on Factor III, Doing Mathematics. Females reported a 

mean score of M :::::: 16.33 on this factor and males M :::::: 13.76 (!.(304) :::::: 4.25, 

12. ~.OOOl). Total scores on this factor ranged from 7 to 28 for males and from 7 

to 32 for females. The standard deviation for male subjects was SD :::::: 4.47 and 

that for females SD :::::: 5.65. Mean item scores for Factors I, Thinking About 

Mathematics, and Ill, Doing Mathematics, are fairly low being just less than 

/la little" anxiety for males (M :::: 1.92 and M :::::: 1.97). Females reported a 

similar mean item score of M :::::: 1.95 for Factor I, with a mean item score for 

Factor III of M :::::: 2.33. Mean item scores for Factor II, Evaluation of 

Mathematics Learning, were above "a fair amount" of anxiety for both males 

<M :::::: 3.04) and females (M = 3.36). 

Table 7 

Levels of Mathematics Anxiety in a Sample of Stage 1 Psychology Students. Based on Factors 

Derived from Factor Analysis in Table 3. 

Mean 

Factor 1: Thinking About Mathematics 

7 items (Range 7-35) 

Males (N=123) 

Females (N :: 183) 

Total 

13.46 

13.68 

13.59 

Factor 2: Evaluation of Mathematics Learning 

7 items (Range 7-35) 

Males 

Females 

Total 

Factor 3: Doing Mathematics 

7 items (Range 7-35) 

Males 

Females 

Total· 

21.31 

23.55 

22.65 

13.76 

16.33 

15.30 

SD 

4.59 

5.34 

5.04 

5.69 

6.04 

5.70 

4.47 

5.65 

5.35 

Range 

7-28 

7 -35 

7-35 

10-34 

7-35 

7 -35 

7 -28 

7-32 

7-32 

Significance 

n.s. 

p'~.001 

p'~.OO01 
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Analyses variance were used to examine the effects of mathematics 

education and gender on mathematics anxiety. The results indicated that 

students' levels of mathematics education had significant effects on all 

factors of mathematics anxiety. The smallest was mathematics education's 

effect on the Evaluation of Mathematics Learning factor (E :::::: 3.76, 12. =::;;.001) and 

the greatest mathematics education's effect on the Learning Mathematics 

Anxiety factor CE ::: 10.02, =::;;.0001). Gender had significant effects on the 

evaluation subscale of the (F = 5.86, 12. =::;;.02) and on the Evaluation of 

Mathematics Learning, Factor ::: 4.5, l2. =::;;.05) and Factor III, Doing 

Mathematics, (E ::: 8.30, =::;;.005). There was no significant gender effect for 

Factor I, Thinking About Mathematics, or for the learning mathematics 

anxiety subscale. There were also no significant interactions between 

mathematics education and gender. 

Students were grouped according to their level of mathematics education and 

the levels of mathematics anxiety reported by each of these groups of students 

are shown in Table 8. There is a general trend for levels of mathematics 

anxiety to decrease as levels of mathematics education increase. The major 

exception to this is male subjects who have studied second year university 

mathematics. One subject within this group reported very high levels of 

mathematics anxiety. There is also a tendency for the anxiety scores of 

females to be higher than those for males. However, these differences are 

seldom significant. Significant differences most often occur between males 

and females who have taken mathematics to the 7th Form. For this group, 

the differences between male and female total scores on the evaluation 

anxiety subscale were significant, wi th mean scores for males and females 

being ::: 22.00 and M ::: 24.61 respectively, (1(109) Significant 

differences were also found between the sexes on Factor II, Evaluation of 

Mathematics Learning, with scores of M :;;;;; 20.20 for male students and 

for females ( 1(109) = 2.15, l2. =::;;.05) and on III, Doing 



Table is 

Fonns3-4 

67.00 

75.83 

66.75 

69.79 

Learning Mathematics Anxiety (Plake & Parker, 1982) 

(Range 16-80) 

Males 

Females 71.00 

40.50 

45.58 

Evaluation Anxiety & 1982) 

(Range 8-40) 

Males 

Females 

26.50 

39.17 

40.79 

27.58 

29.00 

Hivhp<.lt Level of Mathematics Education 

Form 6 

57.62 

61.31 

33.65 

35.36 

23.97 

26.00 

Form 7 

51.64 

55.64 

29.63 

31.04 

University 

Stage 1 

49.75 

49.54 

27.16 

27.54 

22.58 

22.00 

33.00 

33.50 

19.00 

26.50 

14.00 

2 

University 

Stage 3 

45.50 

22.00 



Talble 8 (contd.) 

Primary Forms 3-4 

Factor I: Thinkin& About Mathematics (Lange, 1992) 

(Range 7-35) 

Males 

Females 35.00 

15.00 

18.83 

FormS 

17.00 

16.24 

Factor II: Evaluation of Mathematics Learnin&.(Lange, 1992) 

(Range 7-35) 

Males 

Females 35.00 

25.50 

26.50 

Factor III: Doing Mathematics.(Lange, 1992) 

(Range 7-35) 

Males 

Females 

N males 

N females 

28.00 

o 
1 

21.50 

20.33 

2 

12 

24.58 

25.91 

16.67 

18.59* 

12 

34 

Highest Level of Mathematics Education 

Form 6 

14.26 

13.52 

21.97 

23.59 

14.50* 

16.80* 

34 

61 

Form 7 

12.89 

11.98 

20.20* 

22.52* 

12.62* 

14.54* 

55 

56 

University 

Stage 1 

11.00 

10.46 

20.92 

19.92 

12.83 

13.23 

12 

13 

University 

Stage 2 

15.00 

8.00 

24.00 

13.00 

14.50 

8.00 

2 

1 

University 

Stage 3 

8.00 

21.00 

11.00 

1 

o 

* 12~05 

\D 
0\ 
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Mathematics, where males again had a lower mean score (M = 12.62) than 

females (M := 14.54,1(190) = 2.21,12. :::;;.05). 

3.2.3.2. Summary of Levels of Mathematics Anxiety. 

The mean level of mathematics anxiety (24 item RMARS) reported by the 

present sample was M := 58.73 which is slightly lower than the M = 59.84 

reported by Plake and Parker (1982) from a sample of introductory statistics 

students. A mean score of M := 58.73 on the RMARS converts to almost 240 

on the full MARS. This converted total score is a higher MARS score than 

any reported in Table 1, with the exception of those studies which used 

specific samples of mathematics anxious students. It may be that the higher 

mean score obtained in this study is an artifact of the RMARS scale, as is 

suggested by the compariosn with the mean score of Plake and Parker (1982). 

On the other hand the scores may reflect higher levels of mathematics anxiety 

among New Zealand first year university students. This interpretation is 

supported by Kifer and Robitaille's (1989) research with New Zealand high 

school students which suggested that levels of mathematics anxiety were 

higher in this country than they were in the United States of America. 

The significant difference between the full RMARS scores for males and 

females obtained in the present study paralleled the results obtained by Llabre 

and Suarez (1985). They reported mean scores of M = 48.89 for males and 

M = 56.79 for females whereas the means from the present study were 

M := 54.89 and M = 61.29. These differences are not surprising if New Zealand 

students have higher levels of mathematics anxiety than their American 

counterparts. The disparity could also be explained by noting that Llabre and 

Suarez used a sample of students from introductory algebra classes who 
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would be expected apriod to be less anxious about mathematics than those 

taking introductory psychology. 

more detailed analysis of levels of mathematics for each of the several 

factors of the RMARS showed that the extent of the differences between 

males and females depends on which factor or subscale of mathematics 

anxiety is being considered. Using the Plake and Parker (1982) distinction 

between the Learning Mathematics Anxiety and Mathematics Evaluation 

Anxiety subscales showed that there are particularly marked differences 

between the genders on the Mathematics Evaluation Anxiety subscale with 

females reporting more anxiety than males, M = 26.04 compared with 

M ::;;:: 23.28. If the RMARS is divided into the three factors suggested by the 

factor analysis reported in Table 3, then the most marked difference between 

males and females is on the Doing Mathematics factor, Factor III, with males 

scoring M ::;;:: 13.76 and females M = 16.33. Males and females are not 

significantly different in the amount of anxiety they report for Factor I, 

Thinking About Mathematics. The data in Tables 6 and 7 of the present 

study would appear to support those studies which have reported significant 

differences in mathematics anxiety between genders with the extent of these 

differences being dependent on which factors or subscales of the RMARS are 

being considered. Richardson and Woolfolk (1980) proposed that levels of 

mathematics anxiety were related to the extent of students' interaction with 

the subject rather than with gender. This proposal will be considered in a 

subsequent section. 

A close examination of mean item mathematics anxiety scores shows that 

levels of mathematics anxiety are not high, particularly in the case of 

those aspects of mathematics anxiety which are not associated with the 

evaluation of mathematics. For males mean item scores were less than "a 
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little" anxiety for the Learning Mathematics Anxiety subscale, for Factor I, 

Thinking About Mathematics, and for Factor III, Doing Mathematics. The 

highest mean item score for male subjects was for the Evaluation of 

Mathematics Learning factor with subjects reporting just over "a fair 

amount" of anxiety. In the case of females, the mean item score for Factor I, 

Thinking About Mathematics, was less than "a little" anxiety. For this same 

group only Factor II, Evaluation of Mathematics Learning, and the 

Mathematics Evaluation Anxiety subscale (Plake & Parker, 1982) had mean 

item scores above "a fair amount" of anxiety. These same patterns have been 

found by other researchers. Alexander and Cobb (1984) noted that more 

anxiety was stimulated by mathematics test related items than by 

mathematical task items. Rounds and Hendel (1979) also found that, for their 

female sample, more apprehension was reported for Mathematics Evaluation 

Anxiety (between "a fair amount" and "much" for each item) than about the 

practical manipulation of numbers (between "not at all" and "a little" 

anxiety per item») 

3.2.4.1. Relationship of Mathematics Anxiety to Mathematics Achievement, 

Mathematics Aptitude and Mathematics Education: Correlations and Partial 

Correlations. 

Product moment correlations between the various factors of mathematics 

anxiety and performance, aptitude and education are shown in Table 9. It can 

be seen that scores on the complete RMARS correlated negatively with 

1 The MARS and RMARS are constructed so that anyone who reports no anxiety at all on each 

item receives total scores of 98 or 24,respectively. For those who are not very familiar with the 

two scales, there is probably a tendency to interpret scores as having a minimum of zero. From 

this standpoint a RMARS score of 36 may seem quite high when it really represents very low 

levels of mathematics anxiety 
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mathematics aptitude, as measured by the Numerical Aptitude scale, 

mathematics achievement (scores on a statistics examination) and wi th years 

of mathematics education. Scores on RMARS and the performance 

measure were significantly correlated only for male subjects, (r(123) = -.20, 

11 ::;;.05). In the case of the DAT(Numerical), correlations with mathematics 

anxiety were higher for males, r(109) :::: ::;;.0001, than for females, 

r(156) :::: -.32, 12. ::;;.0001. On the other hand, the number of years of mathematics 

education was more highly correlated with mathematics anxiety for female 

subjects (r(178) ::::: -.45, 12. $.0001) than for males (r(119) == -.31,12 ::;;.001). 

When the RMARS scale was treated as two separate subscales (Plake & Parker, 

1982), it was found 'that correlations with mathematics aptitude, achievement, 

and education were generally higher for the learning mathematics anxiety 

subscale than for the evaluation anxiety subscale. For example, the 

correlation between years of mathematics education and evaluation anxiety 

for males is r(119) :::: -.20,12 ::;;.05. For the same group, mathematics education 

and learning mathematics anxiety yielded a correlation of r 11 ::;;.0001. 

For female subjects, none of the correlations between the measures of 

mathematics anxiety and performance was significant. 

If the RMARS is separated into the three factors based on the analysis shown 

in Table 3, the correlations obtained are similar to those reported in the 

preceding paragraphs. For all three factors, mathematics anxiety and 

mathematics performance are not significantly correlated for the female 

subjects. For male subjects these correlations are significant for only Factors I, 

Thinking About Mathematics, and ill, Doing Mathematics, r(109) :::: -.20 and 

r :::: respectively (l2. ::;;.05). The highest correlations for females are between 

the mathematics anxiety measures and mathematics education with 

correlations of r ::::: -.46, r == -.32 and r "'" -.38 for Factors 2 and 3,{}2 ::;;.0001). In 
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the highest correlations for males are between the anxiety measures 

and mathematics aptitude, r:: -.38, r -.32 and r:::: ~ ::;;.0001). 

Table 9. 

Correlations Between Mathematics Anxiety and Mathematics Aptitude, Mathematics 

Achievement and Mathematics Education. 

Mathematics 

Aptitude (DAT) 

24 item RMARS (Total) 

Males 

Females 

Mathematics 

Performance 

Learning Mathematics Anxiety (Plake & Parker, 1982) 

Males 

Females 

-.44*** 

-.32*** 

Evaluation Anxiety (Plake & Parker,1982) 

Males 

Females 

-.36*** 

-.27*** 

Factor 1: Thinking About Mathematics (Lange, 1992) 

Males 

Females 

-.38*** 

-.28*** 

Factor 2: Evaluation of Mathematics Learning (Lange, 1992) 

Males 

Females 

-.32*** 

Factor 3: Doing Mathematics (Lange, 1992) 

Males 

Females 

N (males) 109 - 123 

N (females) 156 - 182 

-.39*** 

-.30*** 

-.20'" 

-.12 

-.22* 

-.10 

-.12 

-.12 

-.20* 

-.07 

-.12 

-.11 

-.21* 

-.10 

Mathematics 

Education 

* p::>;.05 

** p::>;.OO1 

*** p :::;.0005 

-.34*** 

-.46*** 

-.20* 

-.36*** 

-.32*** 

-.46*** 

-.17* 

-.32*** 

-.31 *** 

-.38*** 
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Table 10 

Partial Correlations of Mathematics Aptitude and Mathematics Performance Controlling for 

the Effects of Mathematics Education. 

24 item RMARS (Total) 

Males (N == 102) 

Females (N == 149) 

Mathematics 

Aptitude (DAT) 

-.05 

Learning Mathematics Anxiety (Plake & Parker, 1982) 

Males 

Females 

-.36** 

-.03 

Evaluation Anxiety (Plake & Parker, 1982) 

Males 

Females 

-.32** 

-.05 

Factor I: Thinking About Mathematics (Lange, 1992) 

Males 

Females 

-.29* 

-.03 

Factor II: Evaluation of Mathematics Learning (Lange, 1992) 

Mathematics 

Performance 

-.15 

.04 

-.16 

.05 

-.10 

.02 

-.14 

.11 

Males -.31* -.11 

Females -.06 

Factor III: Doing Mathematics) (Lange, 1992) 

Males 

Females 

* ~~.OO5 
** ~~.001 

-.10 

number of researchers have suggested that gender 

anxiety may be largely a function of 

.01 

-.14 

.03 

in levels of 

in levels of 

mathematics education (Betz, 1978; Heller & Kogelman, 1982; Kagan, 1987). 

Partial correlations allow the relationship between two variables to be 



103 

described while adjusting for the effects of another variable. Table 10 shows 

the partial correlations obtained between mathematics anxiety and 

achievement and aptitude when the effects of mathematics education have 

been controlled. As would be expected the partial correlations are lower than 

the simple correlations reported in Table 9. The only significant partial 

correlations are those between mathematics anxiety and mathematics 

aptitUde for the male group of subjects. These partial correlations range from 

r = -.29 (]2. $.001) between the Thinking About Mathematics Factor I and the 

DAT(Numerical) to r = -.37 (l2. $.0005) between the full RMARS and the 

aptitude measure. The few significant correlations, again for males, between 

mathematics anxiety and mathematics performance become non-significant 

when mathematics education effects are controlled. The differences between 

Table 9 and Table 10 are particularly marked in the case of females. For 

example, the correlation between the learning mathematics anxiety subscale 

and mathematics anxiety of r = -.32 reduces to a partial correlation of r = -.03. 

The highest partial correlation is r = .11, between Factor I, Thinking About 

Mathematics, and mathematics performance. None of the twelve partial 

correlations is significant. 

3.2.4.2. Summary of Correlational and Partial Correlational Analyses and 

Com parisons with Other Studies. 

In the present study correlations between mathematics anxiety and 

mathematics aptitude, performance and education were, as might be expected, 

negative. Generally, correlations between mathematics anxiety and 

mathematics performance were low and non-significant. Correlations 

between mathematics aptitude and mathematics anxiety were of greater 

magnitude and particularly so for males, ranging from r = -.32 to r = -.44. The 
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largest correlation between these two variables for females was L:::::: -.32. 

Mathematics education and mathematics anxiety, on the other hand, were 

more highly correlated for females, from r = -.32 to r :::::: -.46, than for males 

where the highest correlation was r := -.34. 

Partial correlations showed that, for females, there was virtually no 

relationship between mathematics anxiety and either mathematics 

performance or aptitude when the effects of mathematics education were 

controlled. For males, partial correlations between mathematics anxiety and 

performance were also low but significant partial correlations were obtained 

between mathematics anxiety and mathematics aptitude for this group. 

Plake, Smith and Damsteegt (1981) reported a correlation between 

mathematics anxiety, as measured by the RMARS, and performance of 

r. = -.44. Hembree (1990) in his meta-analysis of mathematics anxiety research 

reported that correlations between mathematics anxiety and performance 

ranged from r. :::::: -.57 to r :::::: -.02. The correlations obtained in the present study 

are lower than those reported by Plake et al. (1981) and fall towards the lower 

end of the range given by Hembree (1990). Betz (1978) found that correlations 

between mathematics performance and mathematics anxiety (Fennema & 

Sherman, 1976) were much higher for females <r = .42) than for males (r = .17). 

In the present study the reverse is the case. 

Table 9 reports correlations between mathematics anxiety and aptitude of 

r :::::: -.44 for males and r = -.32 for females. These correlations are of a very 

different magnitude from those reported by Llabre and Suarez (1985) of r = -.04 

and r :::::: -.15, respectively. The present study differs from that of Llabre and 

Suarez not only in obtaining larger correlations but also in that the 

correlation for males is greater than that for females. Hembree (1990) has 
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reported that correlations between mathematics anxiety and mathematics 

aptitude range from r = -.43 to r = -.15. Those reported in Table 9 are at the 

upper end of this range. 

Unfortunately, Hembree (1990) did not report separate summary correlations 

for females. He noted that the inverse correlations between 

mathematics anxiety and both mathematics aptitude and mathematics 

achievement were stronger for males than for females in high school 

samples, but stated that this gender difference was not maintained at 

university leveL The present sample yields correlations that show, even for 

post-secondary students, stronger relationships between the variables for 

males than for females. Hembree also reported correlations between 

mathematics anxiety and mathematics education ranging from r = -.44 to 

r = .00 with a mean correlation of r = -.34 but, as an examination of Table 9 

clearly shows, the magnitude correlations between mathematics anxiety 

and mathematics education is likely to be very dependent on the subjects' 

gender. 

That it is wise to consider the effects of mathematics education as a variable 

which moderates the relationships between mathematics anxiety and 

performance and aptitude is clearly demonstrated in Table 10. From these 

data it can be concluded that, for female subjects, mathematics anxiety is not 

related to mathematics aptitude or mathematics achievement. The 

relationship between mathematics anxiety and performance is also not 

significant for males, although there are significant partial correlations 

between mathematics anxiety and mathematics aptitude in this group. The 

findings from the partial correlational analyses are confirmed by subsequent 

regression analyses which highlight the important contribution made by 
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mathematics education to both subscales of mathematics anxiety for female 

subjects. 

Linear Regression Analyses. 

Multiple regression analyses were performed using mathematics anxiety as 

the dependent variable with mathematics education, mathematics aptitude 

and mathematics performance as independent variables. For the total 

sample, mathematics education and mathematics aptitude were almost 

equally important in predicting mathematics anxiety. The beta weight for 

mathematics education was 13 = ( i ::: -3.68, ~.0005) while that for 

mathematics aptitude was 13 = -.26 <! == -3.57, ~.0005). Separate regression 

analyses were performed for males and for females and for both the Learning 

Mathematics Anxiety and Evaluation Anxiety subs cales of the RMARS (Plake 

& Parker, 1982). For females, the only significant predictor variable was 

mathematics education. The beta weight for the item RMARS was 13 := -.34 

(1:= -3.51, 12. ~.001). Mathematics education was a better predictor of Learning 

Mathematics Anxiety, 13 ::: -.30 ( ! -3.50, ~.001) than it was of Evaluation 

Anxiety, 13 == -.28 <! == -.2.83, 12. ~.005). In the case of male subjects, mathematics 

aptitude was the best predictor of total RMARS scores, J3 == -.37 (1 = -3.69, 

12. ~.0005) and of Evaluation Anxiety, 13 = -.34 (1 == -3.26, 12. ~.002). Mathematics 

aptitude was an important predictor of Learning Mathematics Anxiety, 

J3 ::::: -.35 (1 == -3.54, ~.001) and mathematics education also made a significant 

contribution, 13 <! -2.16, II ~.05). Co-linearity was not considered to be a 

problem as correlations among the independent variables were all less than 

r= .6. 
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part that mathematics anxiety might play in the prediction of 

ma thema tics performance was also examined. Regression 

carried out using mathematics performance as the dependent 

mathematics anxiety, mathematics aptitude and mathematics 

were 

with 

as 

independent variables. Mathematics anxiety did not make a significant 

contribution to the prediction of mathematics performance either males 

or females. The best predictor of males' mathematics performance was 

mathematics aptitude, ~ :::: .32 <! =: 2.92, ~.005). While mathematics aptitude 

was also in important predictor of females' mathematics performance, f3 = .37 

<! == 4.28, l2. ~.OOO1), so too was mathematics education ~ == (1 2.55, R s.;.Ol). 

Table 11 

Significant Predictor Variables for Mathematics Anxiety and Mathematics Performance for 

the Subjects in Study 1. 

Predictor 

Variable(s) 

Mathematics Anxiety {RMARS} 

Males mathematics aptitude 

Females mathematics education 

All subjects mathematics education 

mathematics aptitude 

Learning Mathematics Anxiety (Plake & Parker, 1982) 

Males mathematics aptitude 

mathematics education 

Females mathematics education 

Evaluation Anxiety (Plake & Parker, ]982) 

Males mathematics aptitude 

Females mathematics education 

Mathematics Performance 

Males mathematics aptitude 

Females mathematics aptitude 

mathematics education 

Beta 

Weight 

-.37 

-.34 

-.25 

-.26 

-.35 

-.2] 

-.34 

-.34 

-.28 

.32 

.37 

.24 

Significance 

~~.OOO5 

~~.OO1 

~~.OOO5 

~~.OOO5 

~~.OO] 

~~.O5 

~S.OO] 

~~.OO2 

~~.OO5 

~~.OOO1 

12. ~.OOO] 

12. ~.O] 
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of Regression 

Regression analyses for the female subjects confirm that mathematics anxiety 

is not related to either mathematics 

Regression analyses also highlight 

mathematics education to all factors of 

or mathematics performance. 

important contribution made by 

..... .,,, ......... u ... ,, ....... '" anxiety for females. For 

males it is primarily mathematics aptitude which predicts mathematics 

anxiety, with those who have less aptitude reporting higher levels of 

mathematics anxiety. The lack of any association between mathematics 

performance and mathematics anxiety for both sexes is also confirmed by 

regression analyses. Mathematics anxiety does not predict mathematics 

performance for either gender, with mathematics aptitude being the 

important predictor variable in both cases. 

Table 11 suggests that to reduce mathematics anxiety among female subjects it 

would be helpful to provide additional mathematics education. Male 

subjects' mathematics anxiety may be less amenable to change because it is 

associated with their mathematics ability. However, teaching this group 

additional mathematics skills may be of assistance. These results appear to 

support those mathematics anxiety remediation programmes which stress 

mathematics education components rather than psychological techniques for 

reducing anxiety (Dueball & Clowes, 1982). Psychological techniques may be 

necessary if, for example, negative cognitions and/or emotionality were also 

predictors of mathematics anxiety. These variables were not investigated in 

the present study. 

The data in the present study show that it may be useful to consider 

mathematics anxiety, as measured by the as comprising several 
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separate factors. Factor analyses of the data indicate that mathematics anxiety 

consists of cognitive, emotional and behavioural components which reflect 

the three system theory of anxiety. There is tentative evidence to suggest that 

the relative importance of mathematics anxiety factors may vary according to 

gender, with the anticipation of mathematics tasks being more anxiety 

provoking for 

from females. 

the doing of mathematics eliciting more anxiety 

Drive theory (Spence, 1958), at its most simple, would suggest that elevated 

levels of anxiety would interfere with performance. The data from the 

present study do not support this. Given that the results of the factor analyses 

have interesting parallels with a three system view of anxiety, it might be that 

the items comprising Factor III, Doing Mathematics, (Table 3) may be 

indicators of behavioural reactions to mathematics such as avoidance or a 

decrease in effort. Similarly the cognitive content of the items in Factor I, 

Thinking About Mathematics, could be interpreted as an indication of 

cognitive reactions to mathematics. This factor might be a measure of worry 

about mathematics rather than of emotional reactions to the subject. If 

Factor I does represent the cognitive component of mathematics anxiety, 

Liebert and Morris' (1967) two component approach to test theory would 

propose that there would be stronger negative correlations between Factor I 

and performance than between evaluation anxiety (emotionality) and 

performance. The correlations in Table 9 give tentative support for this in 

the case of males, although the results of the partial correlations, shown in 

Table 10, are less encouraging. 

For the sample of university students used in this study, not all aspects of 

mathematics are equally anxiety provoking, with evaluative mathematical 

situations eliciting the greatest emotional response in both males and 

females. Mean anxiety scores for other facets of mathematics anxiety do not 
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reach levels which appear likely to cause distress, although the range of scores 

indicates that a few students are very much concerned by more than just the 

evaluative aspect of mathematics. Further, it was found that although 

females generally have higher levels of self-reported mathematics anxiety 

than males, these differences are seldom statistically significant if differences 

in levels of mathematics education are controlled. 

The results of correlation, partial correlation and regression analyses indicate 

that the relationship between variables such as mathematics anxiety and 

mathematics performance or aptitude depend, in part, on which factor or 

subscale of the RMARS is being considered. These differences, when 

considered in association with differences in the levels of mathematics 

anxiety reported for each factor or subscale, point to the need to consider 

mathematics anxiety as a multi-faceted phenomenon. 

More marked and potentially more important differences are highlighted 

when the results of the regression analyses for male and female subjects are 

compared. Two findings are of particular interest. First that mathematics 

anxiety and mathematics performance appear to be unrelated. Second, the 

results emphasise the importance of mathematics education in relation to 

mathematics anxiety for the female students in the sample. It is not 

surprising that the major factor of the RMARS for females consists of items 

which are concerned with doing mathematics, tasks which might be expected 

to be particularly troublesome for students with lower levels of mathematics 

education. contrast to the results of females, males' levels of mathematics 

anxiety are associated with mathematics aptitude rather than with 

mathematics education. Items to do with thinking about or anticipating 

mathematical tasks comprise the dominant factor in the factor analysis for 

male subjects. It may be that male with less mathematical aptitude, 

worry about the prospect of doing mathematics. 
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This preliminary study has shown that mathematics anxiety is complex. It 

appears that different factors of mathematics anxiety need to be taken into 

consideration and the study which follows will further investigate the factor 

structure of the RMARS. In general, levels of self-reported mathematics 

anxiety do not appear to be high in the sample used in the present study. The 

second study will provide additional information about levels of 

mathematics anxiety from another group. It could be that cognitive and 

performance/ behavioural concerns are as much part of mathematics anxiety 

as are emotional reactions. As the present study did not examine these 

variables the following study will include additional anxiety and cognitive 

measures which will enable the researcher to address these issues. 
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Study 1 provided some information about the levels of mathematics anxiety 

among first year New Zealand university students, using a sample of 

psychology students from the University of Canterbury. from that study 

showed that the RMARS consisted of several different factors. While this 

study provided useful preliminary information about levels of mathematics 

anxiety and the constituent factors of the RMARS, the relationships between 

mathematics anxiety and other anxiety measures were not explored. Nor did 

Study 1 investigate whether particular types of cognitions were associated 

with mathematics anxiety, as cognitive-attentional theories of test anxiety 

would suggest (Wine, 1980). 

Study 2 repeated and extended Study 1 and had four aims. The first was to 

provide more information about the factor structure of the RMARS and the 

second was to provide additional data about the existence and nature of 

differences in levels of mathematics anxiety between males and females. The 

third aim of Study 2 was to investigate the relationship between mathematics 

anxiety and other measures of different types of anxiety. The fourth, and 

final, aim was to find out whether there were differences in either the nature 

or the frequency of cognitions between groups of students with high levels of 

mathematics anxiety and those with low mathematics anxiety. 

In order to explore the associations between mathematics anxiety and other 

anxiety measures information was sought about the relationship of 

mathematics anxiety to general anxiety, either as a stable personality 

characteristic anxiety) or as a product of the situation anxiety). 

The Trait-State anxiety theory proposed by '(1972) would predict 
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that subjects with higher scores on a measure of Trait anxiety would be more 

likely to respond to stressful situations with higher levels of State anxiety 

than subjects with low Trait anxiety scores. This theoretical position would 

lead a researcher to expect that subjects with high levels of Trait anxiety might 

be more likely to see mathematics situations as being stressful and, therefore, 

to experience high levels of State anxiety in these situations. 

Given that a number of researchers have found that the evaluation of 

mathematics performance is an important factor of mathematics anxiety, the 

links between test anxiety measures and mathematics anxiety should be 

explored. Stronger associations would be expected between mathematics 

evaluation anxiety and test anxiety than between test anxiety and any other 

factor or subscale of mathematics anxiety. The distinction made by Liebert 

and Morris (1967) between two aspects of test anxiety may be particularly 

useful. They distinguished between the cognitive component of test anxiety 

or worry and the affective or emotional response. Study 1 has shown that 

subjects find having their mathematics performance evaluated particularly 

anxiety provoking. This suggests that mathematics evaluation anxiety may 

be more closely related to emotionality than to worry. On the other hand, the 

cognitive content of Factor I, Thinking About Mathematics, (Table 3, Study 1) 

and the relatively low anxiety scores for this factor appear to indicate that 

worry is more likely to be associated with this factor than is emotionality. 

The nature and frequency of cognitions associated with the performance of a 

mathematics task was another area of interest. Wine (1980, 1982) has 

suggested that test anxious students engage in more negative cognitions than 

their less test anxious counterparts. Might the same thing be true of those 

who are mathematics anxious? Cacioppo and Petty (1981) have pointed out 

that 
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cognitive behavioral therapies are based on the notion that a person's 

idiosyncratic cognitions and ways of thinking are at the root of many 

emotional and behavioral disorders (p. 309). 

More specifically, research such as that by Brown and Nelson (1983) suggests 

test anxious subjects have different patterns of cognitions from those who are 

not test anxious. Knowledge about the relationship between mathematics 

anxiety the cognitions associated with it would help to clarify whether a 

cognitive-attentional theory might be as applicable to mathematics anxiety as 

it is claimed to be to test anxiety. 

There are various ways in which cognitions may be assessed including 

interviews, think-aloud procedures, self-reports, thought sampling, thought 

listing and projective techniques (Meichenbaum & Cameron, 1981). There 

are two general formats for cognitive assessment, the first being either 

unstructured or open-ended and the second using inventories or checklists. 

·ne:.t~_ •• of using inventories for asessing cognitions are the ease of 

scoring and administration and the opportunity to use a standard instrument 

across different studies. Unfortunately, using cognitive checklists or 

inventories results in information which is less detailed than that obtained 

from open-ended techniques. The use of checklists also raises the danger of 

obtaining fabricated responses. Open-ended measures, while yielding richer 

data than cognitive inventories, have the disadvantage of being difficult to 

score and to standardise (Meichenbaum & Cameron, 1981). 

There are a number of decisions to be made when selecting tools for assessing 

cognitions. Should a researcher use self report methods or not? If the answer 

"Yes", a decision must then be made concerning which of the types 

mentioned above is most suitable? A range of inventories and checklists is 

available, one of the better known being that by Galassi, Frierson and 

(1981). Several open ended methods may be including thought-listing 
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and thinking aloud. There are various techniques for assessing cognitions by 

the thinking aloud method, including thought sampling, continuous 

monologues and videotape reconstruction (Genest & Turk, 1981). Another 

issue to be considered when assessing cognitions is whether the chosen 

measure should be used before, during or after the task. 

Although any instrument for assessing cognitions has its limitations, most 

have some utility if used carefully. The final selection of an instrument 

depends on the type of cognitive information the researcher is trying to 

obtain. Think aloud procedures were deemed inappropriate for the present 

study, mainly because these techniques are not practical for use with groups of 

subjects. Two methods of assessing cognitions were decided on, thought

listing and a cognitive checklist. Using both of these measures would allow a 

comparison of the nature and frequency of cognitions obtained by each 

method. As some published studies have used checklists and others thought

listing procedures the use of both methods in the present study would make 

comparisons with earlier research more appropriate. The two measures 

chosen for use in the present study are described in greater detail in the 

method section f'l:l.2i; 

Method. 

4.1.1. Subjects. 

306 students from one of the University of Canterbury's first year psychology 

courses participated in the study. The course included a statistics component 

worth 10% of the total Approximately 33% (99 students) of the sample 

were male, which reflected the proportion of males taking the course that 

year. The highest completed level of mathematics education of the sample 
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ranged from Form 4 to the third year of university. 129 (slightly over 42%) of 

the subjects reported having studied mathematics at 7th level. A 

further 85 (28%) of the subjects had studied 6th Form mathematics. Ten out 

of fifteen available laboratory classes were selected at random and the 

students attending these classes participated in the study, which was carried 

out in the second term of 1987. 

4.1.2. Instruments. 

Two measures of mathematics anxiety were used in present study, the 

RMARS and a measure of anxiety about different areas of mathematics. 

Other anxiety measures used were the State-Trait Anxiety Inventory, the 

Achievement Anxiety Test and the Test Anxiety Scale. The Advanced Test 

from the Australian Council for Educational Research was used as a 

performance measure. Cognitions were measured by thought-listing and 

checklist methods. 

The researcher intended to replicate study 2 using a high school sample and 

as a result required a version of the RMARS that would be appropriate for use 

with such students as well as with a university sample. The RMARS items 

were checked against the adolescent version of the MARS (MARS-A, Suinn 

& Edwards, 1982). Three RMARS items were changed to MARS-A items. 

Item 2 was altered from "buying a math textbook" to "receiving a math 

textbook". "Signing up for a course in statistics" became "signing up for a 

maths course" (item 4) and item 9, "walking on campus and thinking about a 

math course" was changed to "walking to class and thinking about a math 

course ". Two RMARS items, question 16 and 21, had no MARS-A 

equivalents and were left unchanged. The amended RMARS scale is shown 

in Appendix A. A correlation of!'. ::: .95 between the two scales, obtained from 
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a sample of introductory psychology students, indicated that the two 

measures had high inter-test reliability. 

it was thought that different areas of mathematics may cause 

students different amounts of anxiety, a simple five point scale was included 

B) which asked students to indicate the amount of anxiety 

aroused by of six types of mathematics. The types of mathematics were 

algebra, arithmetic, calculus, geometry, statistics and trigonometry. The Head 

of Mathematics at a large Christchurch high school advised that these types of 

mathematics would cover all the major types of mathematics with which 

students might have had contact. 

Other anxiety measures included Speilberger's (1983) State-Trait Anxiety 

Inventory and the Achievement Anxiety Test (Alpert & Haber, 1960). The 

Achievement Anxiety (AAT) consists of two independent scales each 

with a five point Likert type format. One is the nine item Facilitating Anxiety 

Scale (AAT +) which is based on statements which reflect anxiety as assisting 

performance in examinations. The Debilitating Anxiety Scale (AAT-) of 10 

items is based on statements which indicate that anxiety interferes with 

examination and test performance. Alpert and Haber reported test-retest 

reliabilities of !. :::::: .83 for the facilitating scale and r .87 for the debilitating 

scale over a ten week period. A high positive correlation (r :::::: .64) between the 

Debilitiating Anxiety Scale and Mandler and Sarason's (1952) Test Anxiety 

Scale was given as evidence of the validity of the Debilitating Anxiety Scale. 

Conversely, the Facilitating Anxiety Scale correlated negatively with the 

Debilitating Anxiety Scale and with other anxiety scales. Me Cordick, Kaplan, 

Smith and Finn (1981) have found that, for college populations, the AAT had 

an impressive record of convergent and discriminant validity. They also 

noted that the AAT predicted grade point nearly as well as the 

Scholastic Aptitude Test. 
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It was considered that the very cryptic anchors on the response scales of the 

AAT might make completing that test difficult for younger students in any 

subsequent study. Therefore the anchors were slightly altered to give a little 

more detail. For example, the statement /II enjoy taking a difficult exam more 

than an easy one" had scale anchors of "always" and "never". These were 

elaborated to read "I always enjoy a difficult exam" and"I never enjoy a 

difficult exam". Several other anchors were altered in a similar fashion. 

The State-Trait Anxiety Inventory was originally published by Speilberger, 

Gorsuch and Lushene in 1970 and a revised version of the inventory 

produced in 1983. Both versions are based on Spielberger's Trait-State anxiety 

theory and are directed at measuring those two different, but related, 

constructs. Trait anxiety is conceived as stable individual differences in 

proneness to anxiety, whereas state anxiety is more transitory in nature and 

evoked by stressful or threatening situations. (Spielberger, 1972). Each of the 

two constructs is measured by 20 item-statments. Each item is scored from 1 

to 4 for anxiety present items ('I feel upset') with the scoring reversed for 

anxiety absent items ('I feel relaxed'). Reliability coefficients for the state/trait 

scales are cited as being r = .91 and r = .90, respectively. Test-retest reliabilities 

for the trait scale are reported as being r = .73 for male university students and 

r = .77 for females, over a 104 day interval. Test-retest reliabilities are much 

lower for state anxiety (r = .33 and r = .31), which is to be expected given the 

transient nature of state anxiety. Evidence of the validity of the trait scale 

includes its high correlations with the Taylor Manifest Anxiety Scale of r = .79 

for males and r ::::: .80 for females (Spielberger, 1983). The state anxiety scale 

has been administered to a group of subjects under both high and low stress 

conditions. As expected, the mean state anxiety scores were significantly 

higher in the high stress condition. 
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One further anxiety measure was used in the present study, that being a two

component test anxiety scale devised by Liebert and Morris (1967). The two 

components of the scale are worry, which refers to the cognitive elements of 

an anxiety experience, and emotionality, which refers to a person's perception 

of the affective elements of anxiety (Morris, Davis & Hutchings, 1981). Uebert 

and Morris developed their scale from Mandler and Sarason's Test Anxiety 

Questionnaire. Items in the Liebert and Morris (1967) anxiety measure are 

rated on a one to five scale with higher scores indicating more worry or 

emotionality about an impending test. Alpha coefficients are reported as 

being between a = .79 and a = .88 (Morris & Fulmer, 1976). More recently, 

Deffenbacher and Hazaleus (1985) have reported reliabilities of !. = .82 for 

worry and!. = .85 for emotionality. Although Morris and his colleagues do 

not report test-retest reliabilities, Deffenbacher (1980) has reported reliabilities 

of !. = .43 and !. = .48 for worry and !. = .49 and!. = .52 for emotionali ty over a six 

week period. Although these reliabilities are low they reflect measures of 

temporary state anxiety which is expected to fluctuate with the conditions 

prevailing in any particular examination (Deffenbacher, 1980). In 1981 

Morris, Davis and Hutchings developed a revised version of the Worry

Emotionality Scale. Although they found that the emotionality items were 

satisfactory, only two of the five worry items were retained. Even though the 

homogeneity and discriminant validity of the worry scale has been improved, 

the earlier Worry-Emotionality Scale is the one which is most often used by 

mathematics anxiety researchers. In the interests of comparability, the 1967 

scale was used in the present study. 

As part of this study, students were required to perform a mathematics task. 

This served both as a stimulus object for cognitions and as a performance 

measure. The mathematics task for the subjects in the present study 

comprised items from the quantitative form of the Australian Council for 

Educational Reseach (ACER) Advanced Test (New Zealand Revision), Form 
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BQ, 1983. This test is particularly appropriate for New Zealand students and a 

KR20 reliability of between r =: .85 and r = .89 is reported. Although 

information about the criterion related validity of the ACER(BQ) is not 

available, correlations between the earlier ACER(AQ) and a mathematics test 

ranged from!. = .62 to!. = .78. The ACER(BQ) consists of items of increasing 

difficulty and, in its full form, has 29 items and a 20 minute time limit. As 

there was not sufficient time in the present study to include the full test only 

16 items were used and a ten minute time limit imposed. 

As think-aloud methods for measuring cognitions are impractical in group 

settings some other method was required. Open-ended and inventory 

methods of assessing cognitions each have certain advantages and hence the 

two were used in combination in the present study. Although it is unusual 

to use both these forms of cognitive assessment in any single study, 

Meichenbaum and Cameron (1981) have noted that there is no reason why 

the two formats cannot be used to complement each other in the same study. 

The open-ended method which was used was thought-listing which, 

according to Cacioppo and Petty (1981) provides a reliable and valid measure 

of cognitive responses. In addition, thought-listing does not seem to be 

reactive and "appears to tap thoughts that mediate affective responses rather 

than post hoc rationalizations for these responses" (Cacioppo & Petty, 1981, p. 

337). 

A number of decisions had to be made regarding the thought-listing 

procedure, such as what type of instructions would be given, how long would 

be allowed for listing thoughts and when the thoughts would be obtained. 

Cacioppo and Petty (1981) suggested that thought-listing immediately after a 

stimulus was probably best. The present study was interested not only in 

students' thoughts during a mathematics task, but also in their cognitions 

immediately prior to such a task. Before the students began the ACER 
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mathematics problems they were asked to list their thoughts on lined sheets 

of paper. The following instructions were given. 

"You have just been asked to attempt some mathematical problems. 

Please write down everything you thought about since you were told this. 

Write your first thought on the first line, the next thought on the second 

line, and so forth, until you have listed all the thoughts that occurred." 

after finishing work on the mathematical task, students were 

given instructions. 

"Please write down everything you thought about while working on the 

task during the last three to five minutes before being interrupted. List 

your first thought on the first line, the next thought on the second line, 

and so forth" until you have recorded all the thoughts that occurred." 

This type of instruction was used because it was least restrictive and provided 

minimal demand to produce any particular type of cognitive response. Three 

minutes were allowed to complete each thought-listing form. This is the 

usual interval allowed for this task as a brief interval is better than a longer 

one if a researcher is seeking the most salient thoughts (Cacioppo & Petty, 

1981). 

Thoughts obtained by the thought-listing method were coded on two 

dimensions, polarity (positive, negative" neutral) and target (self" task or 

irrelevant). Each thought or statement was scored as one and only one of 

these nine categories. Examples of thoughts from each of the nine categories 

are given in Table 12. A research assistant blind to the nature of the study 

produced an exact copy of the thoughts of each subject who was identified 

only by a subject code number. All coding of the data from the thought

listing procedure was carried out in this anonymous form. Examples of each 

of the nine coding categories were found or devised by the researcher, who 

then coded all the thoughts. 25% of the was at random and 

coded independently by a trained graduate "'''''''LO''''L reliability check 
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between these two coders yielded an inter-rater reliability of r = .94 for all 

categories. Coding was particularly reliable in the case of task positive and 

irrelevant positive thoughts, r = 1.00. Irrelevant negative thoughts were the 

least reliable category with an inter-rater reliability of r = .74. 

Table 12. 

Examples of Thoughts Elicited by Thought-Listing From Subjects in Study 2. 

Positive Thoughts 

self positive 

task positive 

irrelevant positive 

Negative Thoughts 

self negative 

task negative 

irrelevant negative 

Neutral Thoughts 

self neutral 

task neutral 

irrelevant neutral 

Confident that what I had done were right. 

I'm better at math than I used to be. 

This isn't so hard. 

This is quite fun. 

This was a good change from our normal class. 

I was glad it didn't drag out. 

I can't do it. 

I'm not doing very well. 

I hate maths. 

They are getting harder as they go on. 

I can't really be bothered. 

This is dumb. 

Can I do them correctly? 

Will I finish in time? 

What sort of problems will they be? 

I did the easier questions first. 

Why should we do this? 

I wonder how everyone else is finding it? 

In addition to the thought-listing measure, cognitions were also assessed 

using a cognitive checklist. The measure was the Cognitive Assessment 

Questionnaire devised by Zatz and Chassin (1983). This cognitive checklist 

was selected in preference to the more usual one of Galassi, Frierson and 

Sharer (1981) because the Galassi et al. instrument was based on items from 

both the AAT and Liebert and Morris (1967) scales, both of which were already 
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being used in the study. Although Zatz and Chassin's (1983) checklist was not 

originally designed for use with university students the items appeared to be 

applicable to that population. The instrument consists of items designed to 

assess positive and negative self evaluations and on- and off-task thoughts. 

Zatz and Chassin reported an internal consistencies of !. = .67 (on-task), r = .72 

(off-task), !. = .74 (positive evaluations) and !. = .82 (negative evaluations). 

Test-retest reliabilities over a six week period ranged from r = .63 (off-task) to 

!. = .71 (positive evaluations). Subjects are asked to read through the list of 

forty cognitions and mark each one that they thought during the preceding 

test. 

4.1.3. Procedure. 

The data were collected over a two week period. Examples of the instruments 

and detailed instructions are given in Appendix C. The research was 

conducted at the beginning of laboratory classes over two consecutive weeks 

and took a little less than 30 minutes on each occasion. The instruments 

completed during the first week were, in the following order, thought-listing, 

the Liebert and Morris (1967) Test Anxiety Scale, mathematics task (ACER 

items), thought-listing and the cognitive checklist. Students were allowed 

three minutes for each thought-listing procedure and 10 minutes for the 

mathematics task. There was no time limit for completion of the test anxiety 

scale or the cognitive checklist. 

The instruments were presented in this order for the following reasons. The 

researcher wanted to measure cognitions immediately after students had been 

told that they would be required to complete a mathematics task. The Test 

Anxiety Scale is designed to be administered just before a situation where 

student performance will be evaluated. As the researcher also wanted to 
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assess cognitions during the mathematics task, thought-listing and cognitive 

checklist measures were used after the ACER items had been completed. 

Students were read a series of instructions which told them that they would 

be required to attempt a short mathematics test and to indicate their thoughts 

before and after doing these problems. Students were asked not to turn to a 

new page in the questionnaire booklet until told to do so by the researcher. 

Each person was asked to write their gender and name, or a code, on the front 

of the booklet. To make sure that each section was completed correctly, the 

instructions at the top of each new scale were read to the group by the· 

researcher. 

During the second session students were asked to complete Speilberger's 

(1983) State-Trait Anxiety Inventory, Alpert & Haber's (1960) Achievement 

Anxiety Test, the RMARS (Plake & Parker, 1982) and to indicate their level of 

worry / anxiety about six different types of mathematics on a five point scale. 

Students were also asked to indicate the highest level of mathematics 

education they had completed. The anxiety scales were presented in random 

order and each student was allowed as much time as he/she needed to 

complete all the scales, which was usually about 20 minutes. The completed 

data booklets were matched, by name or code number, with those completed 

the previous week. 

4.2, Results and Discussion of Study 2. 

4,2.1. Statistical Analyses. 

As in the first study, the SPSSx (1986) statistical package was used to analyse 

the data obtained in the present study. Factor analyses of the amended 

RMARS included both oblimin and varimax rotations following principal 
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components analyses and factor solutions were selected on the bases of 

interpretability and the size of eigenvalues. Rotated solutions rather than 

unrotated solutions were used for the reasons given in Section 3.2.2.2. The 

results of these factor analyses are presented in section 4.2.2.1. with 

summaries of levels of mathematics and other types of anxiety being given in 

section 4.2.3.1. The frequency of various types of cognitions are reported in 

section 4.2.4.1. Correlations between mathematics anxiety, other anxiety 

measures and mathematics performance are given in section 4.2.5.1. with the 

results of regression analyses appearing in section 4.2.6.1. 

4.2.2.1. Factor Analyses of the RMARS. 

From a principal components analysis of the 24 RMARS items it was found 

that the first three factors accounted for a total of 58.9% of the variance. The 

factors yielded the following eigenvalues and percentage of total variance, 

11.02 (45.9%), 1.86 (7.7%) and 1.26 (5.2%). An oblimin factor solution provided 

a more parsimonious interpretation of the data than did a varimax rotation. 

The results of the factor loadings for the oblimin rotation are given in Table 

13. 

Factor I was defined by eight items and Factors II and III each consisted of 

seven items. Each item had factor loadings of more than .4 on only one of the 

factors. Two RMARS items did not have factor loadings of more than .4 on 

any of the factors. These two items were " ... working on a homework 

assignment" (item 10) and "listening to a lecture ... " (item14). The items 

which comprised Factor I were predominantly concerned with thinking about 

doing mathematics and listening to or watching others do mathematics. 

Factor IT consisted of items which reflected anxiety about the evaluation of 



126 

Table 13 

Factor Loadings From a Factor Analysis with Oblimin Rotation of the Revised Mathematics 

Anxiety Rating Scale. 

RMARS item number 

8 

2 

1 

6 

7 

9 

4 

5 

24 

18 

22 

20 

21 

17 

23 

12 

3 

16 

15 

11 

19 

13 

Factor I 

IUlI ....... .,L); about 

Mathematics 

.83 

.82 

.76 

.76 

.74 

.73 

.69 

.57 

Note: only factor loadings above .4 are shown. 

Eigenvalue 

% of Total Variance 

Number of Items 

11.02 

45.9 

8 

Factor II 

Evaluation of 

Mathematics 

.91 

.83 

.81 

.78 

.66 

.57 

.55 

1.86 

7.7 

7 

Factor III 

Doing 

Mathematics 

.88 

.70 

.69 

.66 

.63 

.53 

.47 

1.26 

5.2 

7 
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mathematics learning. The seven items in the third factor described 

situations that involved performing various mathematical activities such as 

working a problem and interpreting a graph. The correlations between Factor 

I and Factors TI and TIl were r = .54 and r = .62, respectively. There was a 

correlation of r = .53 between Factor TI and Factor Ill. 

Separate factor analyses were performed on the RMARS items for both male 

and female subgroups. For the female subjects, both oblimin and varimax 

rotations produced similar factorial solutions. However, as for the entire 

sample, an oblimin rotation proved to provide a more parsimonious factor 

solution than a varimax rotation. Factor loadings on the RMARS items for 

each of the three factors are shown in Table 14. Together the factors 

contribute to 59.9% of the total variance. Factor I yielded an eigenvalue of 

10.85 and accounted for 45.2% of the total variance. Factors II and TIl yielded 

eigenvalues of 2.11 and 1.41, respectively, and accounted for 8.8% and 5.9% of 

the variance. Factor I correlated 1:. = .49 with Factor II and 1:. = .55 with 

Factor Ill, while Factor TI and ITI yielded a correlation of r = .45. Table 14 shows 

that all items except item 10 load above .4 on one, and only one, of each of 

the three factors. The factor structure and content is almost identical to that 

shown in Table 13 with the exception that, for the female subs ample, the 

factor loading for item 14, "listening to a lecture ... ", is high enough to warrant 

its inclusion in Factor I. 
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Table 14 

Factor Loadings From a Factor Analysis With Oblimin Rotation of the Revised Mathematics 

Anxiety Rating Scale; Female Subjects Only. 

RMARS item number Factor I 

Thinking About 

Mathematics 

8 .82 

6 .80 

2 .79 

4 .'79 

1 .77 

7 .73 

9 .73 

5 .56 

14 .49 

24 

18 

20 

22 

21 

23 

17 

12 

16 

3 

15 

11 

13 

19 

Note: only loadings above .4 are shown. 

Eigenvalue 10.85 

% of Total Variance 45.2 

Number of Items 9 

Factor II 

Evaluation of 

Mathematics 

.91 

.81 

.79 

.77 

.76 

.58 

.56 

2.11 

8.8 

7 

Factor III 

Doing 

Mathematics 

.89 

.75 

.63 

.60 

.57 

.47 

.41 

1.41 

5.9 

7 
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The results of the separate factor analysis for the male subgroup are given in 

Table 15. An oblimin rotation of the principal components was attempted but 

failed to converge. However, a varimax rotation yielded a five factor solution 

with these five factors accounting for 68.7% of the total variance. The 

eigenvalues and percentage of variance accounted for by each of the factors 

are as follows; Factor I eigenvalue 11.48 (47.8%), Factor II eigenvalue 1.54 

(6.4%), Factor III eigenvalue 1.38 (5.7%), Factor IV eigenvalue 1.06 (4.4%) and 

Factor V eigenvalue 1.03 (4.3%). As Table 15 shows, the factorial solution is 

difficult to interpret with a number of the items having factor loadings of 

more than .4 on several factors. Factor I appears to consist of items which 

have to do with the evaluation of mathematics learning or performance. 

Factors II, III and V all contain items which involve thinking about 

mathematics tasks or listening to or watching others do mathematics while 

Factor IV contains items which involve the performance of mathematical 

tasks. 
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Table 15 

Factor Loadings From a Factor Analysis With Varimax Rotation of the Revised Mathematics 

Anxiety Rating Scale; Male Subjects Only. 

RMARSitem number Factor I 

18 

22 

24 

20 

23 

17 

7 

16 

13 

14 

15 

5 

11 

4 

6 

8 

9 

21 

10 

19 

3 

12 

2 

1 

Evaluation of 

Mathematics 

.78 

.77 

.76 

.67 

.56 

.53 

.47 

Factor II 

.77 

.71 

.65 

.55 

.52 

.52 

.40 

Note: only factor loadings above .4 are shown. 

Eigenvalue 11.48 1.54 

% of Total 

Variance 47.8 6.4 

Number of items 7 7 

Factor III 

.55 

.81 

.70 

.67 

.57 

.51 

1.38 

5.7 

6 

Factor IV 

Doing 

Mathematics 

.46 

.54 

.46 

.41 

.79 

.70 

.61 

Factor V 

.56 

.79 

.59 

1.06 1.03 

4.4 4.3 

7 3 
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4.2.2.2. Summary of Factor Analyses of the RMARS. 

The three factors of the RMARS shown in Table 13 are very similar to those 

obtained from the data in Study 1. In both cases the major factor consists of 

items which deal with anticipating having to perform a mathematics task or 

tasks. This factor accounts for a little more of the total variance in Study 2 

(45.9%) than in Study 1 (42.4%). Another difference is that RMARS item 4 

("signing up for a maths course") is part of Factor I, Thinking About 

Mathematics, in the present study but part of Factor III, Doing Mathematics, 

in Study 1. The factor analysis presented in Table 13 differs from the 

corresponding analysis in Study 1 (Table 3) in that Table 13 appropriately 

includes RMARS item 19 ("solving a square root problem ") as part of 

Factor III, anxiety about doing mathematics. This item does not yield a 

sufficiently high factor loading to appear in Table 3. 

The three factors of Thinking About Mathematics, Evaluation of 

Mathematics and Doing Mathematics which are shown in Tables 3 and 13 

are also evident in Table 14, the factor analysis for females subjects from the 

Study 2 sample. The main factor for Study 2 females is the sameas that for the 

total sample, namely thinking about or anticipating mathematics tasks. This 

is a different result from Study 1 (Table 4) where the major factor for the 

female subjects was that concerned with doing mathematics. This difference 

may be a result of the larger sample size in Study 2. It is also possible that 

factor structures may be different for different samples. Analyses of data from 

male subjects in both Studies 1 (Table 5) and 2 (Table 15) yield more complex 

factor structures than for females. While it may be that mathematics anxiety 
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a more complex phenomenon for males a considerably larger sample size is 

needed to confirm this finding than that used in the present study. 

4.2.2.3. Comparisons With 

Together the three factors shown in Table 13 account for a total of 58.9% of the 

variance, a figure which is very similar to that of 60% reported by Plake and 

Parker (1982) from their factor analysis of the RMARS. The major difference 

between the present study and that of Plake and Parker is the continued 

finding that the RMARS consists of three factors rather than two, at least for 

the results obtained from the samples in Studies 1 and 2. The Evaluation of 

Mathematics factor found in Study 2 includes all but one of the eight items 

from the Plake and Parker Evaluation Anxiety subscale. As would be 

expected this item, "solving a square root problem II , is part of Factor III, 

Doing Mathematics, in the present study. The remaining 16 RMARS items 

which comprise Plake and Parker's Learning Mathematics Anxiety subscale 

separate into two factors in both Studies 1 and 2. This makes a strong case for 

considering Plake and Parker's (1982) Learning Mathematics Anxiety as 

consisting of two components, one tM anxiety aroused by the anticipation 

of mathematics tasks and the other the actual performance these tasks. 

Mathematics and Ollier Anxieties. 

As can be seen from Table 16, mean total score for females was 

:= 58.71 and that for males M = 54.91. This difference is not statistically 

significant, <1(304) = 1.81, 12. ~.05). Females scores ranged from to 114 and 

those for males from 24 to 101. There was more variance for the male 
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subjects, SD = 17.29, than for females, SD = 16.90. The mean item score for 

female students was M :::: 2.4 and that for males M = 2.3 indicating somewhere 

between "a little" and "a fair amount" of anxiety. Mean scores for females 

on Plake and Parker's (1982) Learning Mathematics Anxiety subscale of the 

RMARS were similar for males and females, M :::: 32.11 and M = 33.81, 

respectively. The range of scores was the same for both genders, from 16 to 78. 

The standard deviation for females was SD == 11.48 while for males it was 

SD :::: 11.70. Mean item scores on the Learning Mathematics Anxiety subscale 

indicated slightly more than "a little" anxiety for both sexes with values of 

M = 2.01 for males and M := 2.11 for females. Greater levels of anxiety were 

reported by both sexes on the Evaluation Anxiety subscale (Plake & Parker, 

1982) with mean item scores of M :::: 2.9 for males and M = 3.1 for females. In 

the case of Evaluation Anxiety scores, there was a significant difference 

between the levels of anxiety reported by females, M = 25.00, and those 

reported by males, M :::: 22.89, <1(304) :::: 3.18, 12$; .02). The range and standard 

deviation of the females' scores were 8 to 39, SD = 6.68. Males' scores ranged 

from 8 to 38 with a standard deviation of SD = 6.87. 

If the RMARS is divided into the three factors shown in Table 13, the levels 

of anxiety reported for both Factor I, Thinking About Mathematics, and 

Factor ITI, Doing Mathematics , are similar for both males and females with 

mean item scores being close to 2 or 'a little' anxiety. Scores on Factor I 

ranged from 8 to 35 for males and from 8 to 40 for females. There was slightly 

more variance for females' scores, SD = 6.28, than for males' scores, SD :::: 5.99. 
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Table 16 

Levels of Mathematics Anxiety Reported by the Subjects in Study 2. 

--~-~~~------------~--~----------------~---------------------------~-~--

Mean SD Range Significance 

------------------------~-~~-----~-~-------~---~----~-------------------

24 item RMARS(Total) 

(Range 24-120) 

Males (N = 99) 54.91 17.29 24 -101 

Females (N = 207) 58.73 16.90 24 -114 n.s. 

Total (N = 306) 57.50 17.10 24 -114 

Learning Mathematics (Plake &Parker, 1982) 

Anxiety 

(Range 16-80) 

(items 1 - 16) 

Males 32.11 11,48 16-68 

Females 33.81 11.70 16-78 n.s. 

Total 33.26 11.64 16-78 

Evaluation Anxiety (Plake& Parker, 1982) 

(Range 8-40) 

(items 17 - 24) 

Males 22.89 6.87 8-38 

Females 25.00 6.68 8 - 39 12.::;;.02 

Total 24.31 6.80 8 - 39 

Factor I: Thinking About 

Mathematics(Lange,1992) 

(Range 8-40) 

Males 15.44 5.99 8-35 

Females 15.91 6.28 8-40 n.s. 

Total 15.76 6.18 8-40 

Factor II: Evaluation of 

Mathematics{Lange,1992) 

(Range 7-35) 

Males 21.24 6.20 7-34 

Females 23.20 6.18 7-35 12.<.02 

Total 22.57 6.24 7-35 
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Table 16 (contd.) 

Levels of Mathematics Anxiety Reported by the Subjects in Study 2. 

Mean Range Significance 

Factor III: Doing 

Mathematics(Lange,1992) 

(Range 7-35) 

Males 14.03 5.32 7- 28 

Females 15.15 5.51 7-32 n.s. 

Total 14.79 5.47 7-32 

Females' scores on Factor III also had a greater range than males' scores, 7 to 

32 compared with 7 to 28, and more variance, SD = 5.51 compared with 

SD = 5.32. Higher anxiety scores are reported for Factor II, Evaluation of 

Mathematics, the mean for males being M = 21.24 and that for females 

M = 23.20, (1(300) = 2.57, 12-<.02). The range of scores for this factor was from 7 

to 34 for males and 7 to 35 for females. Standard deviations for both genders 

were similar, SD = 6.20 for males and SD = 6.18 for females. For this factor the 

mean item scores for both sexes exceeded 'a fair amount' of anxiety with a 

value of M = 3.03 for males and M = 3.31 for females. 

]7 shows that different types of mathematics generate very different 

levels of anxiety. The lowest mean anxiety ratings were for arithmetic; 

M = .91 (males) and M = .92 (females). Calculus gained the highest mean 

anxiety score of all the types of mathematics with the mean value for males 

being M := 2.10 and that for females M = 2.31. Female students indicated that 

they were more anxious or worried about all six types of mathematics than 

were males but in only three instances were these differences significant. The 
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greatest difference was between the levels of anxiety aroused by statistics. 

Male subjects reported a mean anxiety score of M :::: 1.46 and females a mean 

of M = 1.96 <1(297) = 3.61, 12-:::;.0005). Females were significantly more anxious 

about geometry than males, (1(301) :::: 3.23,12. :::;.001). Trigonometry also caused 

female students more anxiety than it did male students <1(295) :::: 2.30,12. :::;.05). 

Table 17 

Levels of Anxiety Reported by the Study 2 Subjects for Different Types of Mathematics. 

Mean Significance 

Algebra 

Males (N = 99) 1.54 1.06 

Females (N = 207) 1.69 1.10 n.s. 

Arithmetic 

Males .91 .92 

Females .92 .87 n.s. 

Calculus 

Males 2.10 1.19 

Females 2.31 1.24 n.s. 

Geometry 

Males 1.21 1.03 

Females 1.61 .99 12::;;;·001 

Statistics 

Males 1.46 1.12 

Females 1.96 1.14 

Trigonometry 

Males 1.62 1.02 

Females 1.90 1.14 

Range:::: 0-4 

Levels of other types of anxiety are shown in Table 18. In all cases except the 

Facilitating Anxiety Scale (AAT+) of Alpert and Haber's (1960) Achievement 

Anxiety Test, females reported higher levels of anxiety than did males. 
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Table 18 

Levels of Various Types of Anxiety Reported by the Sample of Stage 1 Subjects in Study 2. 

Mean Range Si gnifi cance 

Males (N 99) 10.72 4.84 5- 25 

Females (N 207) 12.64 4.98 5-25 12s.OO5 

Total (N ::::: 306) 12.01 5.01 5-25 

Test Anxiety: 

Emotionality 

(Range5-25) 

Males 7.72 3.53 5-22 

Females 9.22 4.80 5-25 12 s.OO5 

Total 8.73 4.48 5-25 

STAI-State 

(Range 20-80) 

Males 36.65 10.76 20-71 

Females 39.18 11.35 20-80 n.s. 

Total 38.36 11.20 20-80 

ST AI -Trai t(Range 20-80) 

Males 40.91 9.87 20-69 

Females 42.67 9.67 20-74 n.s. 

Total 42.10 9.76 20-74 

AAT- (Range 10-50) 

Males 27.35 5.96 10 - 41 

Females 30.69 6.28 10 45 12s.OO05 

Total 29.61 6.36 10-45 

AA T + (Range 9-45) 

Males 27.11 4.83 16 43 

Females 24.99 4.80 13 43 12s.OO05 

Total 25.67 4.91 13 43 

------------------------~--~~~~-----------------------------------------
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These differences between the sexes are not significant in the case of State and 

Trait Anxiety with mean State Anxiety scores being M = 39.18 for females and 

M = 36.65 for males. Females reported M = 42.67 for Trait Anxiety with males 

reporting M = 40.91. 

The data indicate that females report higher levels of test related worry 

(M = 12.64) than males (M = 10.72, 1(299) = 3.18, ~ S.005). Mean scores for 

Emotionality are also significantly higher for females (M = 9.22) than for 

males (M = 7.72, 1(299) = 3.04, ~ ~.005). The greatest differences in mean 

anxiety scores between males and females were for the two AAT subscales. 

On the Debilitating Anxiety Scale females scored a mean of M = 30.69 

compared with M = 27.35 for males <1(302) = 4.49, 12 S.0005). Male scores on the 

Facilitating Anxiety Scale were higher than those for females, M = 27.11 and 

M = 24.99, respectively, <!(302) = 3.59~ ~ S.0005). 

4.2.3.2. Summary of Levels of Mathematics Anxiety. 

The mean mathematics anxiety score for the full 24 item RMARS was 

M = 57.50 for the subjects from Study 2. This is not significantly different 

from the value of M = 58.73 obtained in Study 1. The mean levels of 

mathematics anxiety reported in Table 16 ~that the only significant 

differences between males and females are on the Evaluation AnXiety 

sub scale and on Factor II, Evaluation of Mathematics. These results are 

different from those obtained in Study 1 (Tables 6 and 7) where highly 

significant differences were reported on all factors and subscales with the 

exception of Factor I, Thinking About Mathematics. An examination of the 

data from both studies shows that, while levels of mathematics anxiety for 

male subjects is very similar in both samples, females in Study 2 report lower 

levels of mathematics anxiety than do their Study 1 counterparts. For 
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example, on the Learning Mathematics Anxiety subscale the mean score for 

females in Study 1 is M ::: 35.03 and that for in Study 2 is M := 33.81, 

1(388) == 1.03,12. >.05. 

The lack of significant gender differences found in Study 2 on the Learning 

Mathematics Anxiety subscale and on Factors I and III confirms similar 

findings reported by Buckley and Ribordy (1982), Cope (1988) and Richardson 

and Suinn (1972), among others. However, the results from Studies 1 and 2 

suggest that female first-year psychology students are significantly more 

anxious about evaluative mathematics situations than are their male 

counterparts. The conflicting results from the two studies mirror the diverse 

results of earlier research (see Section 1.4.2.). According to data from the 

present research it appears that gender differences in mathematics anxiety are 

a function not only of the nature of the sample but also of which factor of 

mathematics anxiety is being considered. 

Given the similarity in levels of mathematics anxiety reported by the students 

in Studies 1 and 2 it is not surprising that mean item scores are similar for 

both studies. In Study 2 males score an average of slightly less and females 

slightly more than "a fair amount "of anxiety on each item in the Evaluation 

Anxiety subscale. Both males and females report a mean item score of over 

Ita fair amount'" of anxiety on Factor II, the Evaluation of Mathematics. Other 

aspects of mathematics are less troublesome for the subjects in Study 2, but 

not for all subjects as the upper limits of the ranges in Table 16 show. The 

total scores on the RMARS might be a reasonable indicator of levels of 

anxiety about various aspects of mathematics. However, as the data in 

Table 17 indicate, it is likely that if an RMARS-equivalent measure of calculus 

anxiety was available scores on this scale would be much higher than those 

obtained using the esisting RMARS. Any discussion about levels of 
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mathematics anxiety needs to consider not only different aspects of that 

anxiety but also different types of mathematics. 

4.2.4.1. Frequency 

Cognitive 

Obtained From and From 

Subgroups of male and female subjects were further divided on the basis of 

mathematics anxiety scores with those scoring above the median being 

classed as high mathematics anxious and those with scores below the median 

being labelled as low mathematics anxious. The frequency of cognitions listed 

before the mathematics task by subjects in each of these four categories is 

shown in Table 19. Separate frequencies were calculated for both the Learning 

Mathematics Anxiety and Evaluation Anxiety subscales. Analyses of variance 

indicated that there were no significant differences between the number of 

cognitions reported for each subscale of mathematics anxiety. Therefore the 

cognitions reported in Table 19 are for the complete RMARS. 

The total numbers of thoughts listed by subjects before the mathematics task 

were very similar for all groups and ranged from M :::: 4.62 for low 

mathematics anxious females to M = 4.81 for high mathematics anxious 

males. Thoughts in the irrelevant neutral category were those most 

frequently reported by all groups, for example "I wonder what is for tea 

tonight? " Males reported significantly more of this type of thought than did 

females, := 2.64 and M =2.56 compared with M :::: 2.31 and :::: 1.88, 

(E(1~02) :::: 4.63, p. :S:.05). There was no significant difference between high and 

low mathematics anxious subjects in the frequency of this type of thought. 

The next most frequent type of thought listed was the task neutral category, 

such as "Will we be allowed to use a calculator?". There were no significant 
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differences between males and females or between high and low mathematics 

anxious students in the number of these cognitions. 

Table 19 

Mean Frequency of Thoughts Listed Before the Mathematics Task by Groups of Subjects with 

High and Low Mathematics Anxiety. 

Task positive thoughts 

Task neutral thoughts 

Task negative thoughts a,b 

Self posi tive thoughts c 

Self neutral thoughts 

Self negative thoughts a,b 

Irrelevant positive thoughts 

Irrelevant neutral thoughtsa 

Irrelev. negative thoughts 

Total thoughts 

Males 

Low 

Anxiety 

.19 

1.06 

.21 

.21 

.17 

.11 

.02 

2.64 

.15 

4.77 

High 

Anxiety 

.08 

.89 

.54 

.02 

.17 

.33 

.04 

2.56 

.21 

4.81 

a significant difference between males and females 

Females 

Low 

Anxiety 

.13 

.89 

.44 

.08 

.25 

.25 

.00 

2.31 

.25 

4.62 

High 

Anxiety 

.OS 

.73 

.78 

.08 

.31 

.59 

.03 

1.88 

.37 

4.79 

b significant difference between high and low mathematics anxious students 

c significant interaction effects 

There were fewer thoughts listed in any of the remaining seven categories. 

Of the thoughts in the task-related negative category, females reported more 

than did males, (E(1,302) = 5.58, 12. :::;.02) and high mathematics anxious subjects 

listed more than did low mathematics anxious subjects, (E(1,302) = 19.01, 

!2. :::;.0005). Similarly, thoughts like "I can never do this type of maths", which 

comprised the self negative category, were listed more often by females than 

by males, (E(1,302) = 4.62, !2. :::;.05), and high mathematics anxious students 

than by the low mathematics anxious, (E(1,302) = 12.80, 12. :::;.0005). The only 

significant interaction was for the category of self-related positive thoughts, 

(E(1,302) = 6.05,12 :::;.05). Low mathematics anxious females listed fewer of this 
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type of cognition than did their males counterparts, M = .08 and = .21 

respectively. High mathematics anxious females reported the same frequency 

of this type of thought as did low mathematics anxious females, =: .08. 

However, high mathematics anxious males reported self-related 

positive thoughts than did low mathematics anxious males, == .02 and 

M := .21 respectively. 

The total number of thoughts listed after the mathematics task range from a 

mean of M = 5.19 for low mathematics anxious males to = 6.14 for high 

mathematics anxious females. The most frequent types of thoughts listed fall 

into the task neutral and irrelevant neutral categories. In neither case are the 

differences between males and females or high and low mathematics anxious 

subjects significant. 

Table 20 

Mean Frequency of Thoughts Listed After the Mathematics Task by Groups of Subjects with 

High and Low Mathematics Anxiety. 

Task positive thoughts 

Task neutral thoughts 

Task negative thoughts b 

Self positive thoughts 

Self neutral thoughts 

Self negative thoughts a,b 

Irrelev. positive thoughts 

Irrelevant neutral thoughts 

Irrelev. negative thoughts 

Total thoughts 

Low 

Anxiety 

.40 

1.66 

.36 

.21 

.36 

.64 

.00 

lAO 

.15 

5.19 

Males 

High 

Anxiety 

.27 

1.52 

.58 

.15 

.12 

.85 

.04 

1.60 

.17 

5.29 

a significant difference between males and females. 

Low 

Anxiety 

.52 

1.52 

.43 

.15 

.25 

.89 

.01 

1.58 

.18 

5.52 

Females 

High 

Anxiety 

.45 

1.23 

.58 

.27 

.28 

1.24 

.01 

1.88 

.25 

6.14 

b significant difference between high and low mathematics anxious students. 
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The only types of cognitions listed after the mathematics which yielded 

significant differences between males and and between high and low 

mathematics anxious subjects were cognitions in self negative category. 

Females reported more of this type cognition than did males, 

(F(1,302) := 4.89, ;R :s:;.05), and high mathematics anxious subjects more than did 

low mathematics anxious subjects, (1::(1,302) :::;;.05). High mathematics 

anxious subjects also reported more negative task-related cognitions than did 

low mathematics anxious subjects, (E(l,302) 4.33, ~.05.) 

Another measure of cognitions after the mathematics task was obtained from 

the cognitive checklist. Separate analyses were performed for the Learning 

Mathematics and Evaluation Anxiety subscales of the RMARS. As there were 

no significant differences between the subscales the frequencies summarised 

in Table 21 are for the complete RMARS. 

Table 21 

Mean Frequency of COl?;nitions Reported After a Mathematics Task by Hil?;h and Low 

Mathematics Anxious Subjects Usinl?; a COl?;nitive Checklist. 

self, positive a 

self, negative a,b 

off task a,b 

on task 

Males 

Low 

Anxiety 

4.70 

1.94 

2.45 

5.79 

High 

Anxiety 

4.52 

4.17 

4.39 

5.96 

a significant difference between males and females 

Females 

Low 

Anxiety 

3.44 

3.62 

3.50 

5.41 

High 

Anxiety 

2.87 

5.64 

4.98 

6.12 

b significant difference between high and low mathematics anxious students 
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The most frequently occurring category of thoughts was 'on task' thoughts 

(for example, /II thought 'work faster"'). Similar levels of thoughts in this 

category were checked by both males females. Significantly more off task 

thoughts, such as "l am hungry", were checked by high anxious students than 

by low anxious students, (E(1,302) 38.46, :::;;.0001). Females also checked 

more of this type of thought than did males, (E(1,302) = 6.37, p :::;;.02). 

were also significant mathematics anxiety effects for self negative thoughts 

like "I really feel stupid ", (E(1,302) 40.53, l2. s;.000l). Gender effects were also 

significant, (E(1,302) = 12.71, S;.0001). The number of positive thoughts about 

themselves, for example "I do well on tests like this", did not show significant 

differences between high and low mathematics anxious groups. However, 

females checked significantly fewer thoughts of this type than did males, 

(E(1,302) :::: 25.30, 12 S;.0001). 

4.2.4.2. Summary of Cognitions Reported by Subjects in Study 

Of the different categories of thoughts recorded by the thought-listing 

procedure prior to the mathematics task, only task related negative thoughts 

and self referent negative thoughts were reported more frequently by high 

mathematics anxious students than by those with low mathematics anxiety 

scores. There were also significant differences between males and females in 

the frequency of these types of though ts with females reporting more than did 

males. Frequencies of self referent negative thoughts after the mathematics 

task were also higher for high mathematics anxious students than for those 

with low mathematics anxiety scores. Females reported more self referent 

negative thoughts after the task than did males. The frequency of task related 

negative thoughts after the task did not differ by gender, but high 

mathematics anxious students reported more of this of cognition than 
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low mathematics anxious students. There were no significant differences 

between males and females or between high and low mathematics anxious 

groups in the frequency of irrelevent thoughts listed before or after the task. 

Data from the cognitive checklist, which was completed after the 

mathematics task, also indicate that 

students report more self referent 

and high mathematics anxious 

cognitions than do males and low 

mathematics anxious students. A similar result was reported for off-task or 

irrelevant thoughts. 

For the present sample, then, the data show that females and those who are 

... , mathematics anxious think more self referent negative thoughts both 

before and after a mathematics task than do males and low mathematics 

anxious students, regardless of whether thought-listing or a cognitive 

checklist is used to assess cognitions. Significant differences between groups 

are obtained for frequencies of off-task or irrelevant thoughts obtained by the 

cognitive checklist but not from thought-listing. Tables 19, 20 and 21 clearly 

show that many more cognitions are reported when the cognitive checklist is 

used than are elicited by the thought-listing technique. 

There were no differences between the frequencies of the various categories of 

thoughts for different mathematics anxiety subs cales or factors. As levels of 

mathematics evaluation anxiety are higher than levels of learning 

mathematics anxiety it might be expected that more negative cognitions 

would be associated with the former than with the latter. This is not 

supported by the data. Similarly, in spite of the apparently cognitive nature of 

Factor I, there are no more cognitions associated with this factor than with 

Factor and 
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Cognitive-attentional theories of test anxiety, such as that proposed by Wine 

(1980), assert that high test subjects tend to engage in frequent 

negative self referent and irrelevant cognitions. There is very little 

research which test this theory in the area of mathematics anxiety. One study 

by Hunsley (1987) found that mathematics anxiety, as measured by the 

MARS(98) was strongly related to the frequency of negative thoughts obtained 

using Sarason's (1978) Cognitive Interference Questionnaire after an 

examination. This finding was not supported by research by Fulkerson, 

Galassi and Galassi (1984) who obtained cognitions using a think-aloud 

procedure while students worked on mathematics problems. Although 

Fulkerson et al. did not find any association between negative thoughts and 

mathematics anxiety they did report that males had more irrelevant and 

neutral thoughts than did females. 

The data from the present study support a cognitive theory of mathematics 

anxiety in that high mathematics anxious groups report more self devaluing 

cognitions than do low mathematics anxious groups. This is true whether 

cognitions are measured before or after a mathematics task and whether 

thought-listing or a cognitive checklist is used to obtain the data. If negative 

dialogue can be interpreted as consisting largely of self referent negative 

thoughts, then the data in the present study support the findings obtained by 

Hunsley (1987). Negative internal dialogue might also include negative 

thoughts about the mathematics task. High mathematics anxious students in 

the present study also reported more this type of cognition than did low 

mathematics anxious students. 



147 

There is less clearcut support for the suggestion that high mathematics 

anxious students think more irrelevant or off-task thoughts than do low 

mathematics anxious students. Findings from the cognitive checklist clearly 

support this but data from both thought-listing measures do not. An 

extension of cognitive-attentional theory could also argue that those with low 

levels of mathematics anxiety think more positive thoughts about 

themselves and the task than do those with high mathematics anxiety. This 

proposition is not supported by the present data. 

The data from Study 2 are useful in that they also provide information about 

the nature and frequency of cognitions for each gender. The important 

findings were that female students, in both the high mathematics anxious 

and low mathematics anxious groups, reported more task and self related 

negative cognitions than did males. The importance of cognitions as 

predictors of mathematics anxiety for both males and females is considered in 

a following section. 

4.2.5.1. Correlations Between Mathematics Anxiety, Other Anxiety Measures 

and Mathematics Performance. 

Table 22 reports the correlations between mathematics anxiety and other 

anxiety measures. In some cases the correlations are quite small but, by 

virtue of sample size, all are significant. It can be seen that the magnitude of 

the correlations differs according to which subscale or factor of mathematics 

anxiety is used and whether males or females are being considered. For 

example, emotionality is more strongly associated with Mathematics 

Evaluation Anxiety (r :: .51) than with Learning Mathematics Anxiety (r = .41) 
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Correlations Between Mathematics Anxiety. Performance and Other Anxiety Measures for the Study 2 Sample. 

Worry Emotionality State Anxiety Trait Anxiety DebiUAAT-) Facil.(AAT+) 

24 item RMARS 

Males .37* .. 11- .48""u _.37 .. 11- .. 

Females .34,,"*11- .21,,"0- -.18* 

Learnin& Math. Anx. 
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Males ,41 u " .48"** .47"u -.38 ...... 

Females .43""'11- .47*** .30*** . 18* -.22 .... 

Evaluation Anxiety 

(Plake & Parker, '82) 

.51 .... * .51*"'* -.33,,",,"11-

• 2611-u -.36 ...... 

-.22'" 

-.22*u 

-.29"'" 

-.27*** 

-.26 ...... 
.. 
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Correlations Between Mathematics Anxiety, Perfonnance and Other Anxiety Measures for the Study 2 Sample. 

Factor I: Thinking 

About Mathematics. 

1992) 

Males 

Females 

* ~~.05 

Worry 

.46il0ii0 * 

. 42*"'* 

.56"'*>1-

.42>1-il0ii0 

.50"' .... 

.35"'*'" 
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Emotionality State Anxiety Trait Anxiety FaciL(AAT +) Performance 

049'''il0ii0 

040"''''' 
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"'''' .. !!.~.OOl 

.17* 
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.27"' ...... 

.52"' ...... 
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-.29*" 

- .20*"" 

-.16 

-.25*"'* 
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for male subjects. For female subjects Debilitating Anxiety correlates r =: .27 

with Factor I but r. =: .41 with Factor Generally correlations between 

mathematics anxiety and other anxiety measures are for males than 

for females although in most instances these differences are not significant. 

Correlations between mathematics anxiety trait anxiety are significantly 

greater for males than for females, for example between the RMARS and trait 

anxiety, (z. == 2.83,12 5.01). There is also a significant difference between the 

two correlations between mathematics anxiety Factor III and facilitating 

anxiety, (z. == 2.58, 12. 5.01). 

Table 22 also presents the correlations obtained between mathematics anxiety 

and mathematics performance. High anxiety is associated with lower scores 

on the ACER items, as shown by the negative correlations. The weakest 

associations are between evaluation anxiety and mathematics performance 

for male students, r::: -.18 and r ::: -.16. The strongest relationship is between 

mathematics performance and Factor Ill, anxiety about doing mathematics 

calculations. The correlation for males is I. :::::: -.36, <l2 5.001) and that for 

females r = .30 <l2. 5.001). 

4.2.5.2. Summary the Results of Correlational Data. 

H mathematics anxiety is viewed as an emotional reaction to mathematics it 

would be expected that there would be stronger associations between 

mathematics anxiety and the Emotionality scale of Liebert and Morris' (1967) 

test anxiety measure than between mathematics anxiety and the Worry scale. 

This expectation is not supported by the data in Table which shows that 

correlations between mathematics anxiety and Emotionality range from 

r .34 to I. while those between mathematics anxiety and Worry range 
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from r = .35 to r = .56. With higher levels of anxiety being aroused by the 

evaluation of mathematics, it would also be reasonable to anticipate that 

there would be greater correlations between this factor or subscale of 

mathematics anxiety and the Emotionality measure than between 

emotionality and any other factor or subscale. Again, this is not supported by 

the data from Study 2 with a mean correlation between the mathematics 

evaluation anxiety subscale/factor and emotionality of r = .45 and that 

between emotionality and other factors of the RMARS being r = .43. The 

possibility that there would be a stronger relationship between Factor 1, 

Thinking About Mathematics, and a cognitive measure such as worry than 

between Factor I and a measure of emotionality was also not confirmed. 

Correlations between Factor I and Worry scores were r = .46 for males and 

r = .42 for females. Factor I and Emotionality scores yielded correlations of 

r = .38 for males and r = .45 for females. 

It has been proposed by Richardson and Woolfolk (1980) that mathematics 

anxiety is a specific form of test anxiety. If this is the case, moderately high 

correlations between mathematics anxiety and test anxiety measures would 

be expected. This would be particularly true for the section of the RMARS 

that includes items about mathematics tests and the evaluation of 

mathematics learning. An examination of the correlations between 

mathematics anxiety and the two test anxiety measures used in Study 2 shows 

that although mathematics anxiety and test anxiety measures are moderately 

correlated the correlations are not high enough to support the conclusion 

that mathematics anxiety is simply a variant of test anxiety. The correlations 

in Table 22 also show that the associations between both the Evaluation 

Anxiety subscale of the RMARS and Factor II, Evaluation of Mathematics, 

and test anxiety measures are not significantly greater than those between test 

anxiety and other aspects of mathematics anxiety. This finding is surprising 
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given the explicitly evaluative nature of the RMARS items in both Factor IT 

and the Evaluation Anxiety subscale. 

It could be argued that those who report high levels of mathematics anxiety 

are those for whom trait anxiety a relatively stable characteristic of their 

personality. Yet Table indicates that this is not the case for females, with 

correlations between mathematics anxiety and trait anxiety ranging from 

r::: .15 to r =: .26. On the other hand, correlations for male subjects between 

these same two measures are higher, ranging from r = .41 to r This 

indicates that it is possible that mathematics anxious males are more likely to 

have an aspect of their personality which predisposes them to anxiety in a 

range of situations including mathematical ones. 

The correlations between mathematics anxiety and performance found in the 

present study in most cases are generally similar in magnitude to those 

reported in Study 1 (Table 9). Correlations for females in Study 2 are 

somewhat higher than for their counterparts in Study 1. There are also 

higher correlations in Study 2, for both males and females, between 

mathematics performance and anxiety about doing mathematical 

calculations. (Factor III). These differences may result from the different 

measures of performance which were used in the two studies. The size of the 

correlations reported in Table 22 fall within the range of mathematics 

performance/mathematics anxiety correlations reported by Hembree (1990). 

As in Study 1 there is no support from Study 2 data for Fennema and 

Sherman's (1976) claim that the association between mathematics anxiety and 

mathematics performance is stronger for females than for males. 
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.". ...... .., •• .11. Comparisons with Other 

Hembree (1990), in his meta-analysis mathematics anxiety research, 

reported that correlations between state anxiety and mathematics anxiety 

ranged from r == .31 to r = .52. The results in the present study show rather 

weaker correlations, ranging from r to r = .40. Although Hembree did 

not report separate correlations for male female subjects, a study by LIabre 

and Suarez(1985) reported the degree of associa tion between the RMARS and 

the General Anxiety Scale of r == .50 for males and r = .24 for females. The 

results from Study 2 parallel these findings in that correlations between 

mathematics anxiety and other anxiety measures are always greater for males 

than they are for females. However, in many cases these differences are not 

significan 1. 

In the case of trait anxiety Hembree (1990) reported correlations with 

mathematics anxiety ranging from r = .24 to r = .54. Plake and Parker (1982) 

reported a correlation of r = between Trait Anaxiety and the RMARS. 

Kagan (1987) measured mathematics anxiety with the two scales derived by 

Rounds and Hendel (1980b) from the MARS. Associations between these 

scales and Trait Anxiety were reported for both males and females. Kagan 

found that correlations for females were higher than those for males, r = .10 

and r == .08 respectively, between mathematics Evaluation Anxiety and Trait 

Anxiety. These correlations are lower than those in the present study of 

r. = .26 and r = The present results also differ from Kagan's data in that the 

correlations between the two anxiety measures are significantly higher for 

males than they are for females (see Table 22). 

The relationship between mathematics anxiety and both worry and 

emotionality has been explored by Dew, Galassi Galassi (1983). They 
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found that correlations between the RMARS and Worry scores for female 

subjects was r ::: .51 while that between RMARS scores and Emotionality 

scores was r = .53. Both Worry and Emotionality correlated r"'" .56 with the 

RMARS for male subjects. Hembree (1990) has reported correlations ranging 

from r = .30 to r. "" .69 for mathematics anxiety and worry with a mean 

correlation of r "'" .45. Correlations between emotionality and mathematics 

anxiety were over a similar range, from r = .29 to r :::::: .72, with a mean 

correlation of r := .46. The correlations reported in Table 22 are close to the 

mean values reported by Hembree, with those for female subjects tending to 

be a little lower than the mean he reported and those for males a little higher. 

Both the meta-analysis by Hembree (1990) and the study by Dew, Galassi and 

Galassi (1983) would suggest that there should be little difference in the 

magnitude of correlations of mathematics anxiety with either worry or 

emotionality. This is the case with data from the present study and there are 

also no significant differences between the correlations for males and those 

for females. 

Plake, Smith and Damsteegt (1981) reported correlations between the RMARS 

and the Debilitating and Facilitating Anxiety Scales (Alpert & Haber, 1960) of 

r = .54 and r = -.29 respectively. Hembree (1990) only reported correlations 

between mathematics anxiety and the Facilitating Anxiety Scale. These 

ranged from r = -.34 to r = -.15, with a mean correlation of r = -.28. Data from 

thQ:'jill'esent study are in general agreement with these earlier findings in that 

higher correlations were obtained between mathematics anxiety and 

debilitating anxiety than between mathematics anxiety and facilitating 

anxiety. However, Table 22 shows that levels of association between these 

two test anxiety measures and mathematics anxiety depend on gender, with 

higher correlations being found for male subjects. 



155 

There is only tentative support of Rounds and Hendel's (1980b) expectation 

that both the Debilitating and Facilitating Anxiety .......... w<;;;'" would correlate 

more highly with Mathematics Test Anxiety than with their 

Numerical Anxiety Scale. For females in the present study, facilitating 

anxiety does correlate more highly with Evaluation Anxiety (Plake & Parker, 

1982) and with Evaluation of Mathematics , than with Learning 

Mathematics Anxiety (Plake & Parker, 1982), Thinking About Mathematics 

or Doing Mathematics anxiety. These differences are not statistically 

significant. For males facilitating anxiety correlates more strongly with the 

Doing Mathematics factor and with the Learning Mathematics Anxiety 

subscale than with the evaluation anxiety factor or subscale. For both males 

and females, correlations between both the Evaluation Anxiety subscale and 

Factor II, Evaluation of Mathematics, and debilitating anxiety are larger than 

those between debilitating anxiety and other aspects of mathematics anxiety. 

However, these differences are not statistically significant. 

4.2.6.1. Results of Regression Analyses. 

Before performing simultaneous multiple regressions, cognitions obtained by 

the thought-listing procedure were recoded. This was deemed necessary 

because categories of thoughts from the thought-listing procedure were 

difficult to compare with the cognitive checklist categories without recoding. 

Task-negative and self-negative thoughts were combined into a single 

negative thoughts category. combination of positive, negative and neutral 

irrelevant thoughts constituted an off-task category. Task related positive and 

task related neutral thoughts were recoded as on-task thoughts. Correlations 

between the independent variables were found to be less than r "'" .6 in all 

instances. Table 23 shows the significant predictor variables for Learning 
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Mathematics Anxiety, Mathematics Evaluation Anxiety and mathematics 

performance. It can be seen that predictors vary according to whether 

Learning Mathematics or Evaluation Anxiety is being considered and also 

whether the subjects are male or .U:;;.lJllGU":;. 

Predictors of Learning Mathematics Anxiety for male subjects are trait 

anxiety, !3 = .31 <.t == 3.60, ::;;;.0005), off-task thoughts measured by the cognitive 

checklist, !3 :::: .27 <.t :::: 3.06, 12 ::;;;.005), level of mathematics education, !3 

(t:::: -2.89, l2. $.005) and scores on the Worry Scale of Liebert and Morris' (1967) 

test anxiety measure, !3 :::: <.t 2.33,12$.05). In contrast, the score on the 

Emotionality Scale of this same measure is the best predictor of Learning 

Mathematics Anxiety for females, !3 :::: .28 <.t :::: 4.38,12 $.0001). Other significant 

predictor variables for this group are the level of mathematics education, 

!3 :::: -.25 (1 = -4.05, $.0001), the frequency of negative thoughts before a 

mathematics task, !3 = .26 <.t = 4.14, 12 $.0001) and levels of State Anxiety, !3 :::: .16 

(t :::: 2.74, 12. $.01). The only predictor which is common to both male and 

female subjects is the student's level of mathematics education. 

Significant predictors of Evaluation Anxiety for males are Worry, !3 :::: .37 <.t :::: 

4.12, 12. $.0001), Trait Anxiety, !3 :::: .27(t :::: 2.86, 12. $.005) and scores on the 

Debilitating Anxiety Scale of Alpert and Haber's (1960) Achievement Anxiety 

Test, !3 :::::: (t 2.44, $.05). Both Worry and Trait Anxiety are also 

significant predictors of Learning Mathematics Anxiety for the male group of 

subjects. Debilitating Anxiety scores are the most significant predictors of 

Mathematics Evaluation Anxiety for female subjects, !3 = (1 3.45, 12 $.001). 

State Anxiety,!3 .15 <.t :::: 2.27,12 ::;;;.05) and the number of self referent negative 

thoughts measured by the cognitive checklist,!3 .17 <.t 2.07, $.05) are also 

significant predictors for this group. For females, only State Anxiety is a 

significant predictor of both Learning Mathematics Anxiety and Mathematics 
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Evaluation Anxiety. Debilitating Anxiety is a predictor of Mathematics 

Evaluation Anxiety for both males and females. 

Table 23 

Significant Predictor Variables for Mathematics Anxiety and Mathematics Performance for 

the Sample in Study 2. 

Predictor Variables 

Learning Math. Anxiety 

Males Trai t Anxiety 

Off-task thoughts (CC) 

Mathematics education 

Worry 

Females Emotionality 

Mathematics education 

Neg. thoughts before(TL) 

State Anxiety 

Evaluation Anxiety 

Males Worry 

Trait Anxiety 

Debilitating Anxiety (AA T-) 

Females Debilitating Anxiety (AA T-) 

State Anxiety 

Self negative thoughts (CC) 

Mathematics Performance 

Males Mathematics education 

Self negative thoughts (CC) 

Females Mathematics education 

Self positive thoughts (CC) 

Off-task thoughts (CC) 

Facilitating Anxiety (AAT+) 

On-task thoughts after(TL) 

(CC)=cognitive checklist 

(TL)=thought-listing 

Beta 

Weight 

.31 

.27 

-.24 

.22 

.28 

-.25 

.26 

.16 

.37 

.27 

.22 

.24 

.15 

.17 

.42 

-.32 

.25 

.24 

-.24 

.23 

.17 

Significance ~ s) 

.0005 

.005 

.005 

.05 

.0001 

.0001 

.0001 

.01 

.0001 

.005 

.05 

.001 

.05 

.05 

.0001 

.0005 

.0001 

.0005 

.0005 

.0005 

.01 
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results of regression analyses for mathematics performance (test scores) 

do not include mathematics anxiety as a significant predictor variable for 

either ..... 'Q.A""'" or females. For males, the significant predictors of mathematics 

oer[(Jlrrrlarlce are levels of mathematics education, J3 == .42 (t 4.80, ;g :;:;.0001) 

thoughts as measured by the cognitive checklist, J3 

::::;;.0005). Male students who perform better on the test report fewer 

self negative thoughts than males who obtain lower test scores. Prediction of 

mathematics performance for females is more complex with five variables 

being significant predictors. Important predictors of test scores are 

mathematics education, J3 == .25 (1 == 4.24, 12. :;:;.0001), self positive thoughts 

measured by the cognitive checklist, J3 == .24 (t == 3.39,12. :;:;.0005) and off-task 

thoughts, also measured by the cognitive checklist, J3 = -.24 (t == -3.85, ;g :;:;.0005). 

Other contributors to females' mathematics performance are Facilitating 

Anxiety, J3 == .23 (t 3.87, .::::;;.0005) and on-task thoughts after the test as 

measured by thought-listing, J3 .17 (t 2.78, :;:;.01). 

4.2.6.2. Summary and Discussion Regression Analyses. 

Table 23 shows that there are major differences among the significant 

predictors of mathematics anxiety for male and for female subjects. This table 

also shows that there are differences among the predictors for each of the 

mathematics anxiety subscales. In the case of Learning Mathematics Anxiety, 

mathematics education is an important predictor for subjects of either 

gender.. This confirms the findings reported in Table 11. The inclusion of 

additional variables in Study 2 allowed the researcher to consider the effects 

of other types of anxiety and various types of cognitions. Table shows that, 

for males, Learning Mathematics Anxiety is a product not only of the 
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subject's level of mathematics education but also of his trait anxiety, level of 

worry and frequency of off-task thoughts. 

The data from the present study suggest that a male who is anxious about 

learning mathematics is likely to be a person who has a predisposition to 

worry, thinks frequent off-task thoughts, has a lower level of mathematics 

education than his less mathematics anxious counterparts and scores more 

highly on the Worry scale of a test anxiety measure. These same data indicate 

that a learning mathematics anxious female is also more likely to have lower 

levels of mathematics education but is more likely to have high scores on the 

Emotionality scale of a test anxiety measure. In addition the mathematics 

anxious female often thinks negative thoughts before the task and is more 

likely to report high scores on state, or situational anxiety. 

For male subjects the predictors of Evaluation Anxiety are Worry, Trait 

Anxiety and Debilitating Anxiety scores. The first two of these are also 

predictors of Learning Mathematics Anxiety and add further support to the 

view that a mathematics anxious male is more likely to have a personality 

characteristic that predisposes him to worry in mathematical, and other, 

situations. While evaluation anxious females also score highly on the 

Debilitating Anxiety Scale, the other predictor of Evaluation Anxiety for 

females are State Anxiety and self referent negative thoughts. For these 

subjects, evaluation anxiety is a product of the situation rather than of their 

personality. 

These regression analyses have important implications for the treatment of 

mathematics anxiety. They suggest that the treatment methods which are 

required will depend on whether one is treating males or females and 

Learning Mathematics Anxiety or Evaluation Anxiety. To reduce Learning 
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Mathematics Anxiety, teaching mathematical skills or improving 

mathematics education is likely to be helpful for both females. 

However, Lindbeck and Dambrot (1986) did not find that teaching 

mathematics skills was successful in reducing mathematics anxiety. 

Cognitive restructuring was a component in Kostka and Wilson's (1986) 

successful mathematics anxiety reduction programme. The regression 

analyses in the present study indicate that this technique for reducing off-task 

thoughts and worry would be likely to assist males. Similar techniques 

would reduce the frequency of negative thoughts of Learning Mathematics 

Anxious females, while a number of methods, such as desensitisation and 

relaxation, would lower females' levels of emotionality and state anxiety. 

Overall, the prospect of reducing Learning Mathematics Anxiety might well 

have more potential for success in the case of females. For males trait anxiety 

is a major predictor of this type of anxiety and, as a relatively stable part of the 

personality, may be resistant to change. 

Similar multi-faceted treatment approaches, such as those used by Hendel 

and Davis (1978) and Kostka and Wilson (1986), would be needed to reduce 

Evaluation Anxiety in both males and females. Cognitive restructuring 

could usefully reduce worry for males and the frequency of self referent 

negative thoughts for females. Reducing Debilitating Anxiety would be a 

complex task but test taking strategies, relaxation training and cognitive 

restructuring would be likely to help. These techniques would also help 

reduce State Anxiety for females. As with Learning Mathematics Anxiety, 

Evaluation Anxiety may be more difficult to reduce in the case of males given 

the contribution made to the problem by Trait Anxiety. 

Many mathematics remediation programmes attempt to improve 

mathematics performance, even though they focus on anxiety, as there is 
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assumed to be a strong relationship between mathematics anxiety and 

mathematics performance, an assumption which is not supported by the 

correlations in Table 22. The regression analyses which were performed for 

mathematics test scores show that mathematics anxiety is not a significant 

predictor of mathematics performance for either males or females. Indeed, 

the only two significant predictors of mathematics performance for males 

were the level of mathematics education and the frequency of self referent 

negative thoughts. Those male students who performed well on the 

ACER(BQ) test items had higher levels of mathematics education and fewer 

negative thoughts about their ability to do the task in hand than did those 

males who performed less well. 

Predicting females' mathematics performance is more complex than 

predicting the performance of males. As was true of Study I, mathematics 

education is also a significant predictor of mathematics performance for the 

females in Study 2. Other important predictors for Study 2 females are self 

referent positive thoughts and the level of facilitating test anxiety. Off-task 

thoughts, measured by the cognitive checklist, and on-task thoughts 

measured by the thought-listing procedure after the test, are both significant 

predictors of mathematics performance for females. Females who obtained 

high scores on the mathematics test had higher levels of mathematics 

education and higher facilitating anxiety scores that their lower performing 

counterparts. In contrast to females with low mathematics test scores, high 

scoring females also reported that they think more positive thoughts which 

are relevant to the task, more positive thoughts about their ability to perform 

successfully on the task in hand and fewer irrelevant thoughts during the 

task. 
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particular interest in the analyses reported in both Studies 1 and 

2 is the fact that mathematics is not a significant predictor variable of 

mathematics performance for either males or females. This helps to explain 

why remediation programmes which aim to improve mathematics 

performance by reducing mathematics anxiety are likely to be unsuccessful. 

The analyses reported indicate that improving mathematics 

performance should involve a programme which increases mathematics 

skills and gives training in cognitive restructuring. Table 23 also that 

the cognitive restructuring component should be different for each gender, 

for example concentrating on reducing the frequency of male subects' self 

referent negative thoughts and female subjects' off-task thoughts. 

4.3. 

Study 2 provides further evidence that mathematics anxiety, as measured by 

either the RMARS or an amended version of that scale, consists of three 

separate factors; thinking about mathematics, having mathematics 

performance evaluated and doing mathematics problems. Results from the 

small samples of male subjects in both Studies 1 and 2 suggest that the factor 

structure of mathematics anxiety may be more complex for males than for 

females. 

Levels of mathematics anxiety are generally not high, with the evaluation 

aspect of mathematics being likely to generate more anxiety than simply 

thinking about mathematics and learning or performing numerical tasks. 

The evaluation aspect of mathematics anxiety is particularly troublesome for 

females. other aspects of mathematics anxiety the females in Study 1 were 

no more anxious than were the male subjects. In addition, Study 2 has 
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shown that different types of mathematics arouse different levels of anxiety, 

with algebra being particularly troublesome. For a more detailed 

understanding of mathematics anxiety than that provided by scores on the 

RMARS, levels of anxiety aroused by different types of mathematics need to 

be considered. 

The frequency of different types of cognitions reported by high and low 

mathematics anxious subjects provides some support for a cognitive

attentional theory of mathematics anxiety. As proposed by this theory, 

students with high mathematics anxiety appear to think more self referent 

negative thoughts and more task negative thoughts than do low mathematics 

anxious students. However there is no difference in the frequency of 

irrelevant and off-task thoughts reported by high and low mathematics 

anxious subjects. It is interesting to note that female subjects, even if they are 

not highly mathematics anxious, report more task negative and self negative 

thoughts than do both groups of male subjects. 

The present study failed to find any Significant differences in the magnitude 

of correlations between different factors or subscales of mathematics anxiety 

and measures of worry and emotionality. In spite of the higher levels of 

anxiety aroused by the evaluation aspect of mathematics, evaluation anxiety 

is not more strongly related to emotionality than to worry. Another 

unexpected result is that mathematics evaluation anxiety, with its very test 

oriented items, does not correlate more highly with test anxiety measures 

than do other aspects of mathematics anxiety. 

When levels of mathematics education, other anxiety measures and 

cognitions are considered for the contribution each makes to mathematics 

anxiety, it is found that there are differences for males and females and for 
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different subs cales of the RMARS. For males, the stable personality 

characteristic of trait anxiety makes an important contribution to 

mathematics anxiety. Levels of mathematics education are important for the 

levels of Learning Mathematics Anxiety experienced by both males and 

females. Cognitions are also important: off-task thoughts for males and 

negative thoughts before the task for females. Debilitating anxiety is a 

contributor to males' and females' Mathematics Evaluation Anxiety. 

Negative thoughts about themselves are important for mathematics 

evaluation anxious females. 

The levels of cognitions reported by subjects in the present study indicate that 

a cognitive-attentional theory may be applicable to mathematics anxiety. 

However, such a theory does not include all the important variables which 

predict mathematics anxiety. Further, as the results of the regression analyses 

show, different aspects of mathematics anxiety need to be taken into 

consideration. The differences among the important predictor variables of 

mathematics anxiety for males and females also need to be addressed. 

Mathematics anxiety is clearly extremely complex and it is likely that any 

effective remediation programme will need to take this complexity into 

account. 

Studies 1 and 2 give information about levels of mathematics anxiety among 

first year university psychology students. These levels of anxiety are generally 

not high, although extreme scores were obtained from some male and some 

female subjects. In addition, Study 2 has shown that different levels of 

anxiety are aroused by different areas or types of mathematics, there being 

more anxiety elicited by algebra and calculus than by arithmetic. The two 

studies have thrown some light on the issue of gender differences in 

mathematics anxiety with the results generally indicating that gender 
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differences are most marked on the evaluation aspect of mathematics anxiety. 

The results of factor analyses from both studies found that the RMARS 

consisted of several factors, the major one being the anticipation of 

mathematics tasks. 

Study 2 extended Study 1 by including measures of worry, emotionality and 

test anxiety. Contrary to expectations, both worry and emotionality yielded 

similar associations with all factors and subscales of the RMARS. Test anxiety 

measures were no more strongly associated with one factor or subscale of the 

RMARS than with any other. Study 2 also differed from Study 1 in that 

measures of cognitions were included in the former study. It was found that 

self referent and task referent negative thoughts were associated with 

mathematics anxiety and that females reported more of these types of 

cognitions than did males. Multivariate analyses in both Studies 1 and 2 

have indicated that predictors of mathematics anxiety and mathematics 

performance are different for males and for females. These findings have 

implications for the remediation of mathematics anxiety and for improving 

mathematics performance. The first two studies in the present series provide 

useful data from two samples of first-year university psychology students. 

Study 3 sought to provide basic information about levels of mathematics 

anxiety among New Zealand high school students. The third study would 

also study the, as yet unexplored, relationship between cognitions and 

mathematics anxiety in a New Zealand high school sample. 
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Study 2 provided further information about levels of mathematics anxiety in 

a sample of first year psychology students. It also examined the relationship 

between mathematics anxiety and cognitions, both before and after a 

mathematics task. There are fewer data about levels of mathematics anxiety 

among populations other than university students. A number of researchers 

have studied levels of mathematics anxiety among high school students 

(Gliner, 1987; Hadfield & Maddux, 1988; Saigh & Khouri, 1983; Suinn & 

Edwards, 1982). However the only data about mathematics anxiety in New 

Zealand schools are those provided by Sepie and Keeling's (1978) New 

Zealand study of 11 and 12 year olds and information about New Zealand 

high school students from the International Educational Achievement Study 

of mathematics, reported by Robitaille and Garden (1989). No studies of 

research into the cognitions of mathematics anxious high school students 

have been located. On the basis of these short-comings, a high school sample 

was selected for Study 3 in order to provide some preliminary New Zealand 

data about levels of mathematics anxiety and the nature of any cognitions 

which might be associated with such anxiety. The present study would also 

provide a comparison sample for those used in Studies 1 and 2. and used the 

same instruments as the second study. 
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Method. 

Subjects. 

Subjects in this study were 480 students from Form 4 through to Form 7 at a 

large Christchurch high school. The school's catchment area included a 

lower socioeconomic district of Christchurch. Approximately 15% of the 

students at the school were Polynesian. The subjects' ages ranged from about 

13 to 17 years. 254, or almost 53%, of these subjects were male. The number 

of students in the each Form and the proportion of males in each group are as 

follows; Form 4, 157 students 48.4% male, Form 5 187 students 55.6% male, 

Form 6, 96 students 53.1 % male, Form 7, 40 students 57.5% male. Subjects 

were drawn from all 5th, 6th and 7th Form mathematics classes (n's = 9, 7 and 

4, respectively) and from seven of the more academically able 4th Form 

classes, as selected by the school's Head of Mathematics. Each student 

attending the mathematics class on the day of the study participated in the 

study. 

5.1.2. Instruments. 

The instruments which were used in Study 2 were discussed with the 

school's Head of Mathematics, the school Principal and a 4th Form teacher of 

English. They believed that none of the students for whom the questionnaire 

was intended would have trouble completing them. On the basis of this 

advice the instruments which had been used in Study 2 were also used in the 

present study. Mathematics anxiety was measured using the slightly altered 

version of the RMARS given in Appendix 1 and levels of anxiety aroused by 

different types of mathematics were obtained from the five-point scales 
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shown in Appendix B. Other measures of anxiety included Speilberger's 

(1983) State-Trait Anxiety Inventory, Alpert and Haber's (1960) Achievement 

Anxiety Test and Liebert and Morris' (1967) Worry and Emotionality scales all 

of which have been described in detail in previous sections. 

Cognitions were assessed by the same combination of thought-listing and 

cognitive checklist used in Study 2. Two coders independently coded the 

thoughts listed by 25% of the sample into the nine categories described in 

Study 2. A reliability check between these two coders yielded an overall inter

rater reliability of!. = .94. The reliability for each of the nine categories ranged 

from r = .77 for self-relevant negative statements to !. = .96 for self-relevant 

positive statements. 

As part of this study students were required to perform a mathematics task. 

The first 16 items from the ACER Advanced Test (Quantitative, Form BQ, 

New Zealand Revision, 1983) were chosen for Form 7 students. Psychometric 

data for this test is given in Section 3.1.2. Students in the lower Forms were 

given the first 16 items from the ACER Higher Test (Quantitative, Form PQ, 

1981) which has been designed for use with high school students up to 

Form 6; High KR20 reliabilities of r = .91 and r = .92 are reported for this test. 

The ACER(BQ) and ACER(PQ) items provided a stimulus for cognitions with 

the total number of correct items serving as a performance measure. 

5.1.3. Procedure. 

The study was conducted over a two week period during the second term of 

1987. All data were collected during one 50 minute mathematics class. 
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Students were told that the researcher was interested in their attitudes 

towards mathematics. The following introduction was read to the class. 

I want you to do a short maths test and to give me some idea of the 

thoughts and feelings you have before and after doing these problems. I 

will also be asking you to answer some questions about how you feel 

about maths and various other things. I would like you to work through 

the booklet one page at a time. Please do not turn to the next page until I 

tell you to do so. If there is something that you do not understand, 

please raise your hand. 

As in Study 2, the first section of the booklet comprised the thought listing 

procedure, Liebert and Morris' (1967) test anxiety scale and the ACER items 

followed by thought listing. Three minutes were allowed for each thought 

listing section and five minutes for the mathematics task. At the end of the 

second period of thought listing, students were told that they could complete 

the remainer of the booklet at their own pace. This final section consisted of 

the Cognitive Assessment Questionnaire (Zatz & Chassin, 1983), Spielberger's 

(1983) State-Trait Anxiety Inventory, Alpert and Haber's (1960) Achievement 

Anxiety Test, the RMARS (Plake & Parker, 1982) and the five-point anxiety 

scale for six different types of mathematics (Appendix B). The anxiety scales 

we;re presented in random order and each student was allowed as much time 

as was needed to complete all the scales, which was usually about 25 minutes. 

5.2. Results and Discussion of Study 3. 

5.2.1. Statistical Analyses. 

As in Studies 1 and 2 the SPSSx programme was used to analyse the data 

obtained in Study 3. The results of factor analyses are reported in section 
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5.2.2.1. with levels of mathematics and other types of anxiety appearing in 

section 5.2.3.1. Section 5.2.4.1. reports frequencies of various types of 

cognitions and correlations of mathematics anxiety with other anxiety 

measures. are given in section 5.2.5.1. Multiple regression analyses are 

presented in the final section, 5.2.6.1. 

5.2.2.1, Factor Analyses of the RMARS. 

As in Studies 1 and 2, a principal components analysis was performed on the 

24 RMARS items. Using the same selection criteria as in the earlier studies 

resulted in a four factor solution with the following eigenvalues and 

percentage of total variance, 8.16 (34%), 1.80 (7.5%), 1.13 (4.7%), and 1.06 (4.4%). 

Together the four factors accounted for a total of 50.6% of the variance. The 

initial factors were rotated to both varimax and oblimin solutions with the 

oblimin solution providing the most parsimonious interpretation of the 

results. The factor loadings, ;;:: .40, from the oblimin rotation are shown in 

Table 24. 

The factor structure shown in Table 24 is a relatively clear one with only two 

items loading on more than a single factor. As the items in Factor I include 

statements such as "receiving a math text book" and "walking into a math 

class" , this factor could be considered to represent the anxiety aroused by the 

anticipation of mathematical tasks. Factor II consists of items about being 

evaluated in mathematics, such a doing tests and homework. It is difficult to 

find any particular characteristics which distinguish Factor III from Factor IV 

or to say what aspect of mathematics anxiety these factors might represent. 

Item 11 loads on both Factor II and Factor IV. In addition, the two factors 

include both passive items ("reading the word statistics", "watching a 
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Table 24 

Factor Loadings From a Factor Analysis with Oblimin Rotation of the Revised Mathematics 

Anxiety Rating Scale (High School Sample). 

RMARS item number 

6 

7 

2 

8 

9 

10 

24 

20 

18 

21 

17 

23 

22 

12 

13 

11 

19 

15 

16 

1 

Factor 1 Factor II 

Thinking Evaluation of 

About Maths. Mathematics 

.79 

.77 

.57 

.53 

.46 

.43 

.79 

.78 

.74 

.73 

.61 

.56 

.42 

.41 

Note: only factor loadings above .4 are shown. 

Eigenvalue 

% of Total Variance 

Number of Items 

8.16 

34.0 

6 

1.80 

75 

8 

Factor III 

.44 

.60 

.42 

1.13 

4.7 

3 

Factor IV 

.78 

.45 

.78 

.75 

.47 

.45 

1.06 

4.4 

Ij 
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teacher ... ") and active ones which describe doing mathematical calculations. 

Four of the original RMARS items do not have a factor loading of more than 

.4 on any of the four factors. These items were " .. .interpreting graphs ... " (3), 

"signing up for a maths course" (4), "listening to another student ... " (5) and 

"listening to a lecture ... " (14). 

Separate factor analyses were carried out for females and for males and the 

results shown in Tables 25 and 26. For females, six factors had eigenvalues of 

more than 1 and together accounted for 59.7% of the total variance. 

Eigenvalues and percentage total variance for the six factors were; 8.01 

(33.4%), 1.69 (7.0%), 1.34 (5.6%), 1.24 (5.1 %), 1.04 (4.3%) and 1.01 (4.2%). An 

oblimin rotation was attempted but failed to converge. The results from a 

varimax rotation are reported in Table 25. 

Of the six factors shown in Table 25 Factor I is the most easily interpretable, 

consisting mainly of items that refer to evaluative mathematical situations. 

Most of the items in Factor II are concerned with doing mathematics. 

Factors III, IV, V and VI are harder to interpret as they all include both active 

items ("reading and interpreting graphs and charts ") and passive items 

("listening to another student explain a math formula "). This difficulty is 

compounded by the fact that several items load on more than one factor. 

This latter problem is lessened, but not totally overcome, by considering only 

factor loadings above .5. 
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Table 25 

Factor Loading-s From a Factor Analysis with Varimax Rotation of the Revised Mathematics 

Anxiety Rating Scale (Hig-h School Sample, Female Subjects Only). 

RMARS item Factor I Factor II Factor III Factor IV Factor V Factor VI 

24 

20 

18 

17 

21 

12 

23 

4 

16 

13 

19 

15 

14 

11 

8 

6 

7 

10 

2 

22 

3 

5 

9 

1 

Evaluation Doing 

of Maths. Maths . 

. 82 

.75 

.73 

.69 

.64 

.50 

.46 

.45 

.42 .48 

.41 

.74 

.71 

.51 

.51 

.41 

Note: only factor loadings above .4 are shown. 

.43 

.69 

.67 

.48 

.47 

.41 

.43 

.43 

.46 

.66 

.52 

.54 

.41 

.44 

.69 

.43 

.72 

------------------------------------------------------

Eigenvalue 8.01 1.69 1.34 1.24 1.04 1.01 

%of 

Total Variance 33.4 7.0 5.6 5.1 4.3 4.3 

Number of Items 10 6 6 5 4 2 
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Table 26 

Factor Loadings From a Factor Analysis with Oblimin Rotation of the Revised Mathematics 

Anxiety Rating Scale (High School Sample, Male Subjects Only). 

RMARS item 

4 

5 

9 

3 

16 

20 

18 

21 

24 

23 

17 

13 

14 

15 

1 

19 

6 

7 

8 

Factor I 

Thinking 

About 

Maths 

.82 

.54 

.54 

.52 

.46 

Factor n 
Evaluation 

of Maths. 

.74 

.72 

.72 

.71 

.65 

.57 

.71 

Note: only factor loadings above .4 are shown. 

Eigenvalue 7.99 .89 

Percentage of 

Total Variance 33.3 7.9 

Number of Items 5 6 

Factor III Factor IV Factor V 

.63 

.56 

.79 

.77 

.66 

-.89 

-.56 

-.47 

121 1.07 1.01 

5.1 45 42 

2 3 3 

The factor analysis of the data from male students is shown in Table 26. The 

five factors accounted for a total of 54.9% of the variance with the first factor 
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having an eigenvalue of 7.99 and accounting for 33.3%. The eigenvalues and 

percentage of total variance for the remaining four factors were 1.89 (7.9%), 

1.21 (5.1%), 1.07 (4.5%) and 1.01 (4.2%), respectively. The factor solution in 

Table 26 resulted from an oblimin rotation, although a very similar factor 

structure was obtained from a varimax rotation. 

For males the major factor of mathematics anxiety appears to be mainly 

concerned with the anticipation of mathematics activities as four of the five 

items in Factor I deal with this aspect. The items which comprise Factor II 

involve the evaluation of mathematics. Factors III, IV, V are more difficult to 

interpret and include a similar mixture of both active (doing math.) and 

passive (thinking about math.) items to Factors nI, IV, V and VI in Table 25. 

Items 2 ("Receiving a math textbook"), 10 ("working on a homework 

assignment") , 11 ("Reading the word "statistics" "), 12 ("Working on a math. 

problem ... ") and 22 ("Being given a "pop" quiz ... ") do not load more than.4 

on any of the five factors. 

5.2.2.2. Summary of Factor Analyses. 

The factor analyses from this high school sample clearly show that 

mathematics anxiety, as measured by the RMARS, consists of several factor. 

For the entire sample, the major factor is composed of items such as "walking 

into a math class" which involve anticipating the performance of 

mathematical tasks. The second factor includes items which have to do with 

the evaluation of mathematics performance. These results are similar to 

those reported in Studies 1 and 2. However, Table 24 shows that the factor 

solution for high school students yields four factors in comparison with the 

three obtained from both university samples. Not only is the factor structure 
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for the present study more complex than for the previous two but it is also 

more difficult to interpret. In Studies 1 and 2 there was a clear distinction 

between the anticipation of mathematical tasks (Factor I) and doing 

mathematical calculations (Factor III). In Study 3, Factor ill consists of Doing 

Mathematics items while Factor IV includes both Thinking About 

Mathematics items and Doing Mathematics items. 

This complexity of factor structure is also obvious in the six factor solution 

obtained for female high school students. The major factor for this group 

consisted of items about having mathematics performance evaluated. This 

finding is in agreement with Rounds and Hendel's (1980b) and Plake and 

Parker's (1982) findings that the evaluation aspect of mathematics anxiety is 

the most important one. Factor II, for female high school students, consists of 

items about doing mathematics. The results of the present factor analysis 

differ from those in Studies 1 and 2 in that the major factor for females in 

these two studies was Doing Mathematics and Thinking About Mathematics, 

respectively. 

Most of the items which comprised the major factor of mathematics anxiety 

for male high school students involved thinking about mathematics. This 

factor included items such as "signing up for a math course", "listening to 

another student explain a math formula" and "walking to class and thinking 

about a math course". The content of this factor is similar to the finding for 

male students in Study 1. For males in the present study, Factor II includes 

items about being evaluated in mathematics with a very similar constellation 

of items comprising Factor I in Study 2 and Factor ill in Study 1. 

If the results of factor analyses from the three studies are considered, the 

general finding is that there is a clear distinction between items which 



Table 27 

Summary of Results of Factor Analyses From Studies 1, 2 and 3. 

1 Factorll Factor III IV Factor V VI % variance, 

all factors 

-----------------------------------------------------------------------------------
Study 1 males Doing Evaluation unclear VI 38.1 

Mathematics 

Mathematics 

females Thinking no Factor IV no Factor V no Factor VI 44.4 

Mathematics About Mathematics 

Mathematics 

Study 2 males of unclear unclear Doing unclear no Factor VI fJ3.7 

Mathematics Mathematics 

Evaluation of no Factor IV no Factor V no VI 59.9 

About Mathematics 

Mathematics 

Study 3 Thinking Evaluation unclear no Factor VI 54.9 

About Mathematics 

Mathematics 

females Evaluation of Doing unclear unclear unclear 59.7 

Mathematics Mathematics 

..-

....J 

....J 



178 

represent evaluative mathematical situations and the remaining RMARS 

items which may, in most be further divided into Doing 

Mathematics and Thinking About Mathematics factors. These findings 

apply to both university and high school samples, in spite of a more complex 

factor structure emerging in from the latter sample" 

5.2.2.3. Comparisons with Factor Analytic Research. 

The four factors shown in Table 24 together account for almost 51 % of the 

total variance. This is less than the 60% reported by Plake and Parker (1982) 

from their factor analysis of the RMARS. The present study continues to 

show that the RMARS, and derivatives of that scale such as were used in 

Studies 2 and 3, consists of more than the two factors reported by Plake and 

Parker. Another consistent finding is that seven of the eight items which 

comprise Plake and Parker's Mathematics Evaluation Anxiety susbscale 

continue to form a single factor. Evidence for the existence of a mathematics 

test or evaluation factor of the MARS, and related scales, is supported by other 

research including that of Rounds and Hendel (1980b) and Suinn amd 

Edwards (1982). 

5.2.3.1. 

As in Studies 1 and 2 mathematics anxiety is reported for the entire RMARS 

scale and for both the Learning Mathematics Anxiety and Mathematics 

Evaluation Anxiety subscales (Plake & Parker, 1982). Table 28 shows the 

scores from both males and females from Form 4 to 7. The mean total 
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RMARS score for males was M = 52.33 SD = 14.65, and that for females 

M == 59.40 S D = 15.87, (E(1,478) = 25.76, 12- ::;;.0001). Females reported 

significantly more anxiety on both subscales of the RMARS than did males. 

Mean Learning Mathematics Anxiety scores were M = 31.76, SD = 9.84, for 

males and M = 34.92, SD = 10.43, for females, (f(1,478) = 11.63,12. ::;;.001). Mean 

Evaluation Anxiety scores were M = 24.66, SD = 6.59, for female students and 

M = 20.78, SD = 6.47, for males, (f(1,478) = 42.28, 12. ::;;.0001). 

Table 28 

Levels of Mathematics Anxiety for a Sample of High School Students by Gender and Form. 

Form 4 formS Form 6 Form 7 Total 

------------------------------------------------------
24 item RMARS 

Males 53.49 53.04 52.14 45.74 52.33 

Females 59.42 60.69 57.84 57.18 59.40** 

Learning Math. 

Anxiety 

Males 32.99 32.59 30.92 25.83 31.76 

Females 34.48 36.52 33.49 32.94 34.92* 

Evaluation 

Anxiety 

Males 20.54 20.85 21.22 20.35 20.78 

Females 24.98 24.63 24.33 24.24 24.66** 

Significant difference between genders * p :::;.001 

O4004op :::;.0001 

Males in Form 7 reported the lowest levels of mathematics anxiety with 

mean RMARS scores of M = 45.74, SD = 11.61, while 5th Form female 

students reported the highest levels eM = 60.69, SD = 17.87). 7th Form males 

are also seen to have the lowest mean values for both Learning Mathematics 

Anxiety, M = 25.83, SD = 7.82, and Mathematics Evaluation Anxiety, 
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scores on the Learning Mathematics Anxiety subscale, ::: 36.52, ::: 11.73. 

A mean of 24.98, := 6.66, is the highest score on the Evaluation Anxiety 

subscale and was obtained from Form 4 females. Levels of Evaluation 

Anxiety do not differ significantly across classes, (F(3,472) ::: .06, 12 >.05), but 

Learning Mathematics Anxiety does CE(3,472) := 3.41, 12 :;;.02). 

The differences in the levels of anxiety aroused by Learning Mathematics 

Anxiety and Evaluation Anxiety are seen more clearly if the average item 

score is calculated for each subscale. The mean Learning Mathematics 

Anxiety item score is just under II a little" anxiety for male students and just 

over "a little" anxiety for females. For Mathematics Evaluation Anxiety, the 

mean item score represents over "a fair amount" of anxiety for females and 

between "a little" and "a fair amount" of anxiety for males. Table 29 shows 

that Evaluation Anxiety item scores are much higher than those for Learning 

Mathematics Anxiety for all classes and for both sexes. These differences are 

shown graphically in Figure 1, in which it can be seen that Learning 

Mathematics Anxiety declines slightly after Form 5 while Evaluation Anxiety 

remains relatively stable from class to class. 

Table 29 

Average Item Scores for Both Mathematics Anxiety Subscales from a High School Student 

Sample. 

Learning Math. 
Anxiety 
Males 
Females 

Evaluation 
Anxiety 
Males 
Females 

Form 4 

2.06 
2.14 

2.57 
3.10 

FormS 

2.04 
2.28 

2.61 
3.08 

Form 6 

1.93 
2.09 

2.65 
3.04 

Form 7 

1.61 
2.06 

2.54 
3.03 

Total 

1.99 
2.18 

2.60 
3.08 
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("a fair 

amount") 3 

("a little") 2 

.. --c·. 

1 8 1 

• __ .... -... Learning Math. Anxiety (Males) 

._-'-1:1--_.' Learning Math. Anxiety (Females 

AI; Math. Evaluation Anx. (Males) 

6 Math. Evaluation Anx. (Females) 

c············· .••.•...••• 
• ·.· •.•...•...... 11...... • ••• I] •••••••••••••••• i] 

.... "' .................... .. .. .. .. .. .. .. ...... 

("not at all") 1 -+---,..--......,.--.,.---..,.----r----r--.,------, 
Form 4 Form 5 Form 6 Form 7 

Figure 1. 

Average Item Scores for Both Mathematics Anxiety 

Subs cales From a High School Student Sample. 

It can be seen from Table 30 that different types of mathematics generate very 

different levels of anxiety. The lowest mean ratings are for arithmetic with 

scores of M = .72 for males and M = .84 for females. Calculus evoked the 

highest levels of anxiety with the mean score for males being M = 1.82 and 

that for females M = 2.17. Females reported significantly more anxiety than 

males for several types of mathematics; calculus (F(1,371) = 5.11, 12 ::;;.05), 

geometry (f(1,371) = 7.21, :g ::;;.01) and statistics (1:(1,371) = 13.36, p. ::;;.001). There 

were also significant differences in the levels of anxiety reported by students 

in different classes for algebra (E(3.371) = 2.85, p. ::;;.05), calculus (E(3,371) = 5.37, 

P ::;;.001) and trigonometry (F(3,371) = 3.04, P ::;;.05). While the levels of anxiety 

expressed for algebra and trigonometry tend to increase from Form 4 to Form 

7, anxiety about calculus decreases. 
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Table 30 

Levels of Anxiety Reported by High School Subjects for Different Types of Mathematics. 

Form 4 FormS Form 6 Form 7 Total 

--~-----~-----------------------------~---------------------------------

Algebra 

Males 1.89 1.54 1.62 .96 1.58 

Females 1.73 1.86 1.28 1.66 

Arithmetic 

Males .89 .60 .83 .73 .72 

Females .59 .95 .72 1.19 .84 

Calculus 

Males 1.71 1.65 2.17 2.32 1.82 

Females 1.92 1.94 2.47 3.19 2.17* 

Geometty 

Males 1.16 1.39 1.51 1.14 1.33 

Females 1.67 1.91 1.79 1.38 1.77** 

Statistics 

Males 1.25 1.65 1.53 1 1.51 

Females 1.84 2.14 2.00 2.31 2.04*** 

Trigonometty 

Males 1.93 1.66 1.68 1.36 1.67 

Females 2.24 2.22 1.75 2.01 

Scores may range from 0 to 4 

Significant gender differences * p::;;.05 

** P ::;;.01 

***p ::;;.001 

Levels of anxiety obtained from the other anxiety measures used in the 

present study are shown in Table 31. There are highly significant differences 

between males and females on all of the anxiety measures in Table 31. With 

the exception of facilitating anxiety, females score more highly than males. 

The biggest difference is for the worry scale of Liebert and Morris' (1967) 

measure of test anxiety, (F(1,457) :::::: 35.37, ~ :S;.000l). The smallest gender 
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difference is between scores on the Liebert and Morris' emotionality scale but 

this is also significant, (f(1,457) = ::;.0001). Levels of anxiety vary little 

from class to class with the only significant difference being for State anxiety 

scores, <f.(3,457) == 4.38, 12 ~.01). For this measure of anxiety, mean scores for 

females peak in the 5th Form at 44.10 while mean state anxiety scores for 

decrease from Form 4 to Form 7. of anxiety vary little from class 

to class with the only significant difference being for State anxiety scores, 

(E(3,457) == 4.38, ~ ~.Ol) 
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Table 31 

Levels of Various Types of Anxiety From the High School Sample in Stud~ 3. 

----~--------~--------~~---------------------------~~-

Form 4 FormS Form 6 Form 7 Total 

--------------------------------------~--------~------

Test Anxie~: 

Worry 

(Range 5-25) 

Males 11.80 12.18 12.65 10.48 12.02 

Females 14.53 15.32 14.18 14.53 14.79* 

Test Anxie~: 

Emotionali~ 

(Range 5-25) 

Males 8.08 8.64 9.12 7.17 8.44 

Females 9.34 11.07 9.93 9.94 10.19* 

STAI-State 

(Range20-BO) 

Males 37.66 37.59 35.65 32.83 36.85 

Females 39.07 44.10 37.91 41.00 40.93* 

STAI-Trait 

(Range20-BO) 

Males 42.03 41.62 40.51 39.26 41.23 

Females 44.41 46.83 43.56 44.53 45.14* 

Debili ta ting 

Anxie~- AAT-

(RangelO-50) 

Males 28.75 28.90 28.47 25.48 28.43 

Females 32.51 32.59 31.18 31.77 32.17* 

Facilita ting 

Anxietv-AAT+ 

(Range 9-45) 

Males 25.99 25.79 25.22 28.00 25.94 

Females 22.42 21.93 24.13 23.77 22.71* 

Significant gender differences *12. ~.0001 

------~----~------------------------------------------
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5.2.3.2. Summary of Levels of Mathematics Anxiety. 

The mean mathematics anxiety score on the full 24 item RMARS for the 

subjects in Study 3 was M = 55.66. In comparison the RMARS mean score for 

Study 1 subjects was M = 57.50 and that for Study 2 subjects M = 58.73. These 

differences are not significant. The mean RMARS score in the present study 

translates into a MARS(98) score of 227.26. This is higher than the MARS(98) 

scores obtained from North American high school samples of between 

M = 197.60 and M = 206.45 (see Table 2). The higher mean score obtained in 

Study 3 is in agreement with Kifer and Robitaille's (1989) finding that 

mathematics anxiety is higher in New Zealand than in North American high 

schools. These results may be attributable to the lower levels of mathematics 

achievement in New Zealand high schools, in comparison with an 

international median (Binns, Carpenter, Elliffe, Irving & McBride, 1987). 

Although Brush (1980) asserted that anxiety about mathematics increased as 

students advanced through high school, the data from the present study do 

not support this. Figure 1 shows that, contrary to Brush's findings, learning 

mathematics anxiety declines slightly from 4th to 7th Form while 

mathematics evaluation anxiety remains virtually unchanged from class to 

class. The only exception to these patterns being in the slightly higher 

learning mathematics anxiety for 5th Form females. It may be that the 

students who are most mathematics anxious drop mathematics as they 

proceed to higher forms. For the remaining students, levels of anxiety may 

increase al though mean anxiety scores change little. These issues highlight 

the need for research which examines changes in individual levels of 

mathematics anxiety over time. The anomalous results for 5th Form females 

may occur because these students are encouraged to take mathematics to 

School Certificate level and are allowed to drop the subject in the 6th Form. 
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same lack of difference in levels of mathematics anxiety across classes 

that is shown in 1 has also been reported by Wilhelm and Brooks 

(1980) and apparent in the data given by Robitaille and Garden (1989). 

Figure 1 also shows that for the high school sample, as for the samples in 

Studies 1 and Mathematics Evaluation Anxiety is a more troublesome 

aspect of mathematics anxiety than is Learning Mathematics Anxiety. As was 

found in Study the results of Study 3 indicate that different types of 

mathematics evoke different amounts of anxiety. The levels of anxiety for 

different types of mathematics vary from class to class. There is no clear 

pattern to these variations. For example, anxiety about algebra declines from 

Form 4 to Form 7 while anxiety about calculus increases. Students have more 

exposure to algebra and this increasing familiarity with the subject may 

reduce levels of anxiety among those who continue to study it. Calculus, on 

the other hand, is introduced later in high school and may be seen by 7th 

Formers as being new and difficult. 

The female high school students in the present sample reported significantly 

more anxiety on both subscales of the RMARS than did males. This finding 

is similar to the results obtained in Study 1 but differs from Study 2 where 

significant differences were obtained only on the Evaluation Anxiety subscale 

of the RMARS. Other researchers using high school samples have also 

reported that female students are significantly more mathematics anxious 

than males (March, 1988; Meece, Wigfield & Eccles, 1990; Wilhelm & Brooks, 

1980). However, when the results of a number of studies were combined, as 

in a meta-analysis of mathematics attitude research by Hyde, Fennema, Ryan,. 

Frost and Hopp (1990), gender differences in levels of mathematics anxiety 

among high school students were found to be small. 
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Thought~lisHng and from the 

As in Study 2, male and female students in each class were divided on the 

trnl. __ ~.arudety scores with those scoring above the median being 

classed as high mathematics anxious and those with scores below the median 

being called low mathematics anxious. Frequencies of cognitions obtained by 

both the thought-listing method and from the cognitive checklist are 

presented in the following tables. Only those categories of cognitions which 

differed significantly by gender, type of mathematics anxiety and/or class are 

shown. 

Frequencies of thoughts obtained by thought-listing before the mathematics 

task are shown in Table It can be seen that there were few thoughts in any 

category with irrelevant neutral thoughts being the most frequently listed. 

There is a significant difference in the frequency with which this thought was 

listed by students in different classes, (f(3,464) = 4.54,12. ::;;.005). Frequencies of 

this category of thoughts do not differ significantly by gender or by level of 

mathematics anxiety. However, there are gender differences in the number 

of task related positive thoughts listed with males providing more than did 

females, (f(1,464) 10.02, n ::;;.002). Females listed more task related negative 

thoughts than did males, (f(1,464) = 17.70, 12. ::;;.0001). Female students also 

listed significantly more negative thoughts about their ability on the 

forthcoming mathematics task than did male students, (F(1,464) 34.35, 

n :::;;.0001). When differences in thoughts listed by high and low mathematics 

anxious students are considered, more task related positive thoughts were 

listed by low mathematics anxious students than by those with high 

mathematics anxiety, (F(l,464) =: 4.50, 12- :::;;.05). There also a significant 

difference between high and low mathematics evaluation anxious students 
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on the number of self referent negative thoughts listed before the 

mathematics task. High evaluation anxious students listed significantly more 

of this type of thought, (f(1A64) = 5.31, ~ ~.05). Except for this last difference, 

which is found on the mathematics evaluation anxiety subscale only, the 

significant differences reported previously are similar for both subs cales of the 

RMARS. Hence, the frequencies and significance levels given are for the total 

RMARS scale. 

There were a number of significant differences between the frequencies of 

various categories of thoughts listed after the mathematics task (Table 33). 

The frequency of task related positive thoughts differed from class to class, 

(F(3,.464) = 8.44, !t S.OOO1), as did that of self referent positive thoughts, 

(f(3,464) = 5.57, ~ S.OOl). Numbers of irrelevant neutral thoughts also varied 
I 

across classes, (f(3,464) = 9.21" ~ S.OOOl). All the categories of thoughts shown 

in Table 33 were listed with Significantly different frequencies by male and 

female students. The most marked difference was for self referent negative 

thoughts, where females reported many more than did males, 

(F(1,.464) = 44.26" !t S.OOOl). Females also listed more irrelevant neutral 

thoughts, (f(1,.464) = 7.52, ~ S.Ol), and more task negative thoughts than did 

males, (f(1,.464) = 4.20, 12- s.05). Males listed more task related positive 

thoughts than did females, (F(1,.464) = 4.40, 12- S.05). Rather surprisingly, 

females listed more self referent positive thoughts than did males, 

(F(1,464) = 4.12, ~ S.05), although very few thoughts in this category were 

listed by any group of subjects. The only significant difference between high 

and low mathematics anxious groups was for the frequency of self referent 

negative thoughts listed after the mathematics task, (f(1,464) = 4.20" ~ S.05). 

This effect was particularly marked for groups with high and low 

Mathematics Evaluation Anxiety scores, (fO,464) = 5.97, ~ S.02). 



Table 32 

---------------------------------------------------------------------------------------------
Fonn4 Fonn5 

Level Low High Low High Low 

---------------------------------------------------------------------------------------------
a,b 

.21 .05 .24 .12 .33 .21 .25 .00 

.00 .00 .05 .07 .04 .00 .11 .00 

a 

.46 .95 .22 .49 .30 .42 .58 .36 

1.00 .81 .55 .63 .74 1.00 1.13 

Self neg;ative a 

males .08 .16 .15 .16 .07 .29 .25 .09 

.28 .71 .60 .53 .56 1.13 

Irrelevant neutral C 

males 1.51 1.22 .76 1.19 1.08 1.42 1.91 

females 1.80 1.71 1.68 1.11 1.13 

Self neg;ative 

(Math. Evaluation 

Anxiety) b 

males .05 .19 .07 .24 .21 .13 .25 .09 

females .28 .67 .59 .24 .65 .56 1.13 

a Significant difference between genders. 

b Significant difference between high and low anxious students. 

C Significant difference between classes. 

-00 
1.0 



Table 33 
Mean Frequency of Thoughts Listed After the Mathematics Task by Groups of High School Students with High and Low Mathematics Anxiety. 

Form 4 FormS Form 6 Form 7 
Anxiety Level Low High Low High Low High Low High 

---------------------------------------------------------------------------------------------

Task positive a 

males .26 .19 .51 .45 .56 .79 1.00 .91 

females .35 .29 .26 .27 .73 .63 .43 .38 

Task negative a 

males .49 .51 .42 .71 .41 .71 .25 .27 

females .60 .88 .79 .88 .50 .63 .56 .34 

Self positive a.c 

males .00 .03 .09 .10 .11 .08 .08 .09 

females .08 .10 .00 .10 .12 .53 .11 .13 

Self negative a,b 

males .33 .65 .47 .51 .37 .42 .50 .46 

females .70 1.22 1.14 1.29 .65 1.26 1.33 1.75 

Irrelevant neutral a 

males 1.08 1.22 .38 .78 .82 1.13 .50 .64 

females 1.85 1.88 1.02 1.29 1.12 .79 1.11 .50 

a Significant difference between genders. 

b Significant difference between high and low mathematics anxious students. 

c Significant difference between classes. 

,.... 
10 
o 



Table 34 

Mean Frequency of Cognitions Reported After a Mathematics Task by Groups of High S<:hool Students With High and Low Mathematics Anxiety 

FOlm5 Form 7 

Low High Low High High 

----------------------------------------------------------------------------------------------------

6.22 6.63 6.19 7.04 4.83 4.36 

4.24 4.81 4.63 2.78 3.75 

3.41 6.00 3.16 5.84 5.67 1.75 3.46 

4.88 7.10 5.81 6.05 4.33 

a,b,c 

4.46 6.11 4.18 5.63 6.29 

4.85 6.66 4.89 5.00 

5.95 6.87 6.13 7.18 5.11 6.63 

5.70 6.49 6.55 6.85 4.31 6.11 

a difference between genders. 

b c't'71I"\H:;,",,~n. ~;ffa .... anr>C! hokAToon h,o-h !ln~ lnu1 anxious students. 

c significant difference between classes. 

-\0 -
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Ut;;J..t\,.U:;;';:' of thoughts from the four categories of cognitions included in the 

cognitive checklist are shown in Table 34. number of different types of 

cognitions vary from class to class, between males and females and according 

to levels of mathematics anxiety. similar numbers of cognitions were 

obtained for Learning Mathematics Anxiety, Mathematics Evaluation Anxiety 

and the complete RMARS, results from whole RMARS are reported above. 

All four types of cognitions in Table were reported with significantly 

different frequencies by students in different forms. The greatest difference is 

in the reported frequency of self related negative thoughts, CE.(3,464) 5.77, 

~.001). 

There are also significant differences between male and female students on all 

cognitions except on-task thoughts. The most marked differences are in the 

frequencies of self referent positive and self referent negative thoughts. 

Females reported thinking many fewer positive thoughts about their ability 

on a mathematics task than did males, (E(1,464) = 27.69, ~ ~.0001). Conversely, 

more self referent negative thoughts were reported by females than by males, 

(.E(1,464) = 28.47, ~ ~.0001). Females also reported more irrelevant or off-task 

thoughts than did males, (.E(1,464) = 10.20, ~ ~.005). 

High mathematics anxious students reported more self referent negative 

thoughts than did low mathematics anxious students, (F(1,464) = 50.19, 

l2..~.0001). Students with high levels of mathematics anxiety also reported 

more off-task thoughts (F(1,464) =: 21.61, l2..~.0001) and, rather surprisingly, 

more on task thoughts CE.(1,464) == 15.37, 12.~.001) than did students with low 

mathematics anxiety. There were no significant interactions between gender, 

class and/ or mathematics anxiety. 
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Of the different categories of thoughts recorded prior to the mathematics task 

using the thought-listing method, more task related positive thoughts were 

listed by low mathematics anxious students than by those with high 

mathematics anxiety. However, given the very low frequency of this type of 

thought, this finding may not be of practical importance. Students with high 

Mathematics Evaluation Anxiety scores also listed more self referent negative 

thoughts than did their low anxious counterparts. The only gender 

differences were that males listed more task positive thoughts than did 

females and females listed more task and self referent negative thoughts than 

did males. 

Similar results were obtained from the thoughts listed after the mathematics 

task, with high mathematics anxious students again listing more self referent 

negative thoughts than low mathematics anxious students Females 

continued to list more cognitions in the irrelevant, self referent negative and 

task negative categories than did males, with males listing more positive 

thoughts about the task than did females. 

From the cognitive checklist after the mathematics task, more self referent 

negative, off-task and on-task cognitions were reported by high mathematics 

anxious students than by the low anxious groups. Males reported more self 

referent positive thoughts than did females and females reported more self 

referent negative and off-task thoughts than did males. 

Similar findings were obtained from all three measures of cognitions. These 

results indicate that high mathematics anxious students think more self 

referent negative thoughts than do low mathematics anxious high school 
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students. High mathematics anxious subjects also report more off-and on

task thoughts than do low mathematics anxious subjects, although this 

finding is obtained only with the cognitive checklist. Female students, 

irrespective of their mathematics anxiety scores, report more negative 

thoughts about themselves on all the cognitive measures than do males. 

Females also report more task related negative thoughts (thought-listing) and 

more off-task thoughts (checklist) than do males. These findings are very 

similar to those obtained in Study 2, which found that higher frequencies of 

self referent negative thoughts were reported by the mathematics anxious and 

by females. This same study found a higher frequency of off-task thoughts for 

mathematics anxious students, but only with the cognitive checklist measure. 

5.2.4.3. Comparisons with Cognition Research and Theory on Mathematics 

Anxiety. 

As noted elsewhere, a cognitive-attentional theory of mathematics anxiety 

would propose that high mathematics anxious students engage in more 

neg~ii"\fI"i:Mugirt~t:about their ability and more interfering cognitions, such as 

task related negative and irrelevant thoughts, than low mathematics anxious 

students. The findings from the present study are supportive of such a theory 

in that high mathematics anxious students report more self devaluing 

cognitions than do low anxious students. This appears to hold whether 

thought-listing or cognitive checklists are used as the cognitive measure. 

Support for the hypothesis that those who are mathematics anxious will 

report more interfering cognitions than those who are not is obtained from 

the data from the cognitive checklist. Contrary to a cognitive-attentional 

theory of mathematics anxiety, however, students with high mathematics 

anxiety also report more on-task thoughts with the cognitive checklist than 
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do low mathematics anxious students. that those who are 

mathematics anxious have higher arousal than those with low 

mathematics anxiety. Mathematics anxious students may try to reduce this 

arousal and to counter their interfering negative thoughts by attempting 

to direct their thoughts back to the 

Cognitive-attentional theories appear not to have considered that there may 

be qualitative or quantitative differences between the cognitions of males and 

females. The findings from Studies 2 and 3 show this to be a serious 

shortcoming of cognitive-attentional theory. The gender differences in 

cognitions reported in Studies 2 and 3 indicate that females report more self 

referent negative thoughts and off-task thoughts than do males. The role that 

cognitions play in the prediction of mathematics anxiety for both males and 

females will be covered in a subsequent section. 

5.2.5.1. Results of Correlation Analyses. 

Correlations between other anxiety measures, test scores and the two 

subscales of the RMARS, for both males and females, are shown in Table 35. 

Correlational analyses were also performed for each class. In most cases, 

correlations for males and females in different classes did not differ 

significantly from the overall correlations shown in Table 34. This table 

shows that there are no major differences in the magnitude of correlations 

between each anxiety measure and the two subs cales of the RMARS. Nor are 

the correlations for males and females significantly different. With the 

exception of Facilitating Anxiety, correlations between mathematics anxiety 

and other anxiety measures are positive and fall within a range from r =: .30 to 

r = . Correlations between mathematics anxiety and Facilitating Anxiety 
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from r. == -.23 to r. "'" -.33. Mathematics anxiety and performance do not 

significantly for either gender. 

Table 35 

Correlations Between Other Anxiety Measures, Test Scores and Mathematics Anxiety for a 

Sample of High School Students. 

24 item RMARS 

W0!!'l: 

Males 045* 

Females .45* 

Emotionality 

Males .39* 

Females .43* 

State Anxiety 

Males 040* 

Females 040* 

Trait Anxiety 

Males 040* 

Females .37* 

DebiL 

Anxiet;y{AAT-} .50* 

Males 

Females 

Fad!. Anxiet;y 

(AAT+} -.31 * 

Males 

Females 

Performance 

Males -.06 

Females -.02 

Learni ng 

Anxiety 

040* 

041* 

.38* 

.43* 

.38* 

.37* 

.38* 

.37* 

046* 

047* 

-.26* 

-.26* 

-.05 

-.02 

Mat h Evaluation Anxiety 

042* 

AD'" 

.33* 

.34* 

.35* 

.36* 

.34* 

.30* 

.44* 

.46* 

-.33* 

-.23* 

-.05 

-.00 

::;;.001 
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correlation between the measure of emotionality and RMARS scores was 

significantly lower for Form 4 males for all male subjects, r. == .15 

compared with r == .39 (~ ::::: 1.96, ~.05). Correlations from the 6th Form 

female students were significantly greater than those from all female subjects. 

Trait Anxiety and Learning Mathematics Anxiety yielded a correlations of 

r ::::: .62 for 6th Form females and r ::::: for all female subjects, (~ ::: 2.01, 12. S;.05). 

There were also significant differences between these two groups in the 

correlations between Debilitating Anxiety and RMARS scores, r. = .73 

compared with. r::::: .51 ~::::: 2.18, S;.05) and between Debilitating Anxiety and 

Evaluation Anxiety, r = .70 and r .46 ~ = 2.20, 12. ~.05). Finally, Facilitating 

Anxiety and Evaluation Anxiety had a much stronger negative relationship 

for 6th Form females than for the total female sample, r = -.52 compared with 

r ::::: -.23 ~ = 2.04, 12. ~.05). 

5.2.5.2. Summary of the Results of Conelational Data. 

If mathematics anxiety is seen as an emotional reaction to mathematics, it 

might be expected that there would be a stronger relationship between 

mathematics anxiety and the Emotionality scale of Liebert and Morris' (1967) 

test anxiety measure, than between mathematics anxiety and the Worry scale. 

This expectation is not met, with correlations between mathematics anxiety 

and emotionality being almost the same as those between mathematics 

anxiety and worry (Table 35). The evaluation of mathematics performance 

evokes more anxiety than learning mathematics and it could be expected that 

the Evaluation Anxiety subscale of the RMARS would correlate more highly 

with either Worry or Emotionality than would the Learning Mathematics 

Anxiety subscale. Table 35 shows that this is not the case. For example, 

correlations between Evaluation Anxiety and Emotionality are r = .33 for 
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males and r :::::: .34 for females with those between Learning Mathematics 

Anxiety and Emotionality being r::::: .38 for and r = .43 for females. 

The highest correlations between mathematics anxiety and test anxiety 

measures are those between mathematics anxiety scores and the Debilitating 

Anxiety scale (Alpert & Haber, 1960) of r .50 for males and r:::::: .51 for females. 

However, these correlations are not significantly greater than those between 

mathematics anxiety and other anxiety measures such as State of Trait 

anxiety. Clearly mathematics anxiety is not equivalent to test anxiety and 

warrants separate status. Even scores on the Evaluation Anxiety subscale of 

the RMARS, with its highly test-specific items, do not correlate more highly 

with any of the test anxiety measures than do scores on the Learning 

Mathematics Anxiety subscale. This same finding was reported in Study 2. 

It is possible that those who report high levels of mathematics anxiety have a 

relatively stable aspect of their personality which predisposes them to anxiety. 

This was explored by examining the correlations between mathematics 

anxiety measures and Trait Anxiety scores. The data do not show trait anxiety 

to be strongly correlated with either aspect of mathematics anxiety for males 

or for females, except in the case of 6th Form females. Mathematics anxiety 

may be related to some other trait, such as lack of confidence, low self-esteem 

or fear of faliure but these possibilities were not investigated in the present 

study. This results from the present study are different from those in Study 2, 

which found correlations between mathematics anxiety and trait anxiety to be 

higher for than for females. 

Other differences among the present study and the previous two are the 

much lower correlations obtained from the high school sample between 

mathematics anxiety and mathematics performance. Correlations between 
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r -.10 to r == -.22 in Study 1 
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the measure of performance ranged from 

r:: -.18 to r == -.29 in Study while the highest 

correlation in the present study was r == -.06. Although correlations between 

mathematics anxiety and performance varied from class to class, the 

differences were not significant and there was no tendency for mathematics 

anxiety and mathematics performance to become more strongly related as the 

difficulty of mathematics increased. Meece, Wigfield and Eccles (1990) also 

found that mathematics anxiety and mathematics performance were not 

related for their high school sample. The results of Studies 1, 2 and 3 all fail 

to support Fennema and Sherman's (1976) claim that the relationship 

between mathematics anxiety and mathematics performance is stronger for 

males than for females. 

5.2.5.3. anSOIl.S with Other Correlational Smdies. 

The present study obtained a correlation between mathematics anxiety and 

State Anxiety of r .40. This is in accord with the range of correlations 

between these two variables given by Hembree (1990) of r = .31 to r = The 

results which Hembree summarises for these two variables are all from post

secondary students which indicates that there are similarities between the two 

populations. In the present study, correlations between State Anxiety and 

both the mathematics anxiety subscales are almost indentical for males and 

females. These results differ from those reported by LIabre and Suarez (1985), 

who found correlations between mathematics anxiety and State Anxiety to be 

lower for females than for males in a university student sample. Significant 

differences between males and females were also found in Study 2 in the size 

of correlations between mathematics anxiety and trait anxiety, with higher 

correlations for male subjects. The present study failed to replicate these 

results with correlations for males and females being r :: .40 and!. = .37, 



200 

respectively. These values are very dose to the mean correlation between 

these two variables given by (1990) of r. = .38. However, levels 

of association may not hold for all high school students, as evidenced by the 

anomalous results for 6th Form females. 

Very similar correlations were obtained between mathematics anxiety and 

Worry and between mathematics anxiety and Emotionality. The correlations 

for males did not differ from those for females. These results support those 

in Study 2 and parallel the findings of Dew, Galassi and Galassi (1983). 

Hembree (1990) reported a mean correlation between mathematics anxiety 

and facilitating anxiety of r. = -.28, again from a post-secondary student sample. 

Results from the present sample of high school students are very close to this 

value with!. = -.31 for males and!. = -.29 for females. Plake, Smith and 

Damsteegt (1981) also obtained a correlation of r. = -.29 between mathematics 

anxiety and Facilitating Anxiety. They found a higher correlation between 

mathematics anxiety and Debilitating Anxiety of r. = The present study 

replicates these findings with a high school samples, the correlations between 

Debilitating Anxiety and mathematics anxiety being r. .50 and r. = .51 for 

males and females, respectively. 

5.2.6.1. of Regression Analyses. 

As in Study 2, cognitions obtained by the thought-listing procedure were 

recoded prior to performing simultaneous multiple regression analyses. A 

category of negative thoughts was created by combining task- and self

negative thoughts. Positive, negative and neutral irrelevant thoughts 

comprised the category of off-task thoughts. Task related positive and neutral 

thoughts were recoded as on-task thoughts. Correlations between the 
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independent variables, as a test of co-linearity, were less than .6 in all cases. 

Table 37 shows the significant predictors for Learning Mathematics Anxiety, 

Mathematics Evaluation Anxiety and mathematics performance. It can be 

seen that different predictors were obtained for males and females and for the 

two subscales of mathematics anxiety. 

Predictors of Learning Mathematics Anxiety for male high school students are 

Debilitating Anxiety scores, ~ = .23 (t = 3.37, 12. :::;;.001), State Anxiety, ~ = .22 

(t = 3.64, 12- :::;;.001) and the number of off-task thoughts assessed by the 

cognitive checklist after the mathematics task, ~ = .15 <.t = 1.99, 12. :::;;.05). For 

females, Debilitating Anxiety (~ = .28,1.= 4.11, 12. :::;;.0001) and Emotionality 

scores (~ = .24,1. = 3.86, 12. :::;;.001) are both predictors of Learning Mathematics 

Anxiety. So, also, are self-referent negative thoughts obtained by the 

cognitive checklist, ~ = .23 (1 = 3.23, 12. :::;;.005), and on-task thoughts obtained by 

thought-listing after the mathematics task, ~ = .14 <.t = 2.33,12. :::;;.05). For both 

males and females, Debilitating Anxiety is the predictor with the greatest beta 

weight. 



202 

Table 36 

Significant Predictor Variables of Mathematics Anxiety and Mathematics Performance for a 

Sample of High School Students. 

Predictor Variables Beta Weight Significance 

---------~~---- -----------~-~~-------

Learning Math. Anxietx 

Males Debilitating Anxiety .23 .001 

State Anxiety .22 .001 

Off-task thoughts (CC) .15 .05 

Females Debilitating Anxiety .28 .0001 

Emotionality .24 .001 

Self negative thoughts (CC) .23 .005 

On task thoughts (TL) .14 .05 

Evaluation Anxietx 

Males Debilitating Anxiety .29 .0001 

Worry .25 .001 

Females Debilitating Anxiety .49 .0001 

On-task thoughts (TL) .24 .0001 

Off-task thoughts (TL) .18 .01 

On-task thoughts (CC) .16 .05 

Mathematics ~rformance 

Males Self negative thoughts (CC) -.26 .001 

Off-task thoughts (TL) .18 .01 

Self positive thoughts (CC) .16 .01 

On-task thoughts (TL) .13 .05 

Females Self negative thoughts (CC) -.23 .005 

On-task thoughts (TL) .20 .01 

Learning Math. Anxiety .18 .01 

State Anxiety -.17 .05 

Off-task thoughts (TL) .15 .01 

Facili tating Anxiety .15 .05 

(CC) = cognitive checklist 

(TL) = thought-listing 

--------- --------------------~~~~-------
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There are two significant predictors of Mathematics Evaluation Anxiety for 

male students, Debilitating Anxiety scores, ~ ::::: .29 <! "" 4.21, S.OOOl) and scores 

on the Worry Scale of Alpert and Haber's (1960) Test Anxiety Scale, ~ ::::: .25 

(1"" 3.84, 12 S.001). For females, Debilitating Anxiety is predictor with the 

highest beta weight, ~ .49 <! == 7.90, 12 S.0001). Beta weights for on-task 

thoughts and thoughts, measured by thought-listing after the 

mathematics task, are ~ (t"" 3.89,12 :::;.0001) and ~ .18 <! == 2.90, 12 S.01) 

respectively. On-task thoughts measured by the cognitive checklist are also a 

predictor of Evaluation Anxiety for female students, ~ == .16 <! "" 2.48,12 S.05).2 

As in the case of Learning Mathematics Anxiety, Debilitating Anxiety scores 

are the most significant predictors of Mathematics Evaluation Anxiety for 

both males and females. 

The results of regression analyses for mathematics performance (test scores) 

do not include mathematics anxiety as a significant predictor for male 

students. From Table 36, it can be seen that self referent negative thoughts 

from the cognitive checklist are an important predictor of low test scores for 

males, ~ "" <! :: -3.81, 12 S.OO1). Self referent positive thoughts, ~ .16 

<! "" 2.63, l2. S.01), and on-task thoughts listed after the mathematics task, ~ .13 

<! == 2.14, S.05) are predictors of good performance for the male students. So, 

also, are off-task thoughts listed before the task, ~ == .18 <! == 3.05, S.OI). 

Three of the four predictors of mathematics performance for male students 

are also predictors for female students. These are self referent negative 

thoughts, ~ == -.23 Ct == 3.16, 12. S.005), on-task thoughts after the task, ~ ::::: .20 

2The two measures of on-task thoughts taken after the mathematics task by thought-listing 

and cognitive checklist are not correlated, ! .08. 
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(1 3.23, ~ ::;.01) and off-task thoughts before the task, J3 <1 = 2.61, 12 ::;.01). 

Other predictors of mathematics performance for female students include 

scores on the Learning Mathematics Anxiety of the RMARS, J3 = .18 

(1 = 2.71, ~ ::;.01), State Anxiety scores, J3 = <1 ::;.05) and scores on 

the Facilitating Scale of Alpert and 

:= 2.41, :::;.05). 

(1960) Anxiety Scale, J3 = .15 <1 

The situation may be even more complex than is indicated by Table 36. 

Separate regression analyses different classes produced results which 

suggest that predictors of mathematics anxiety may vary from class to class. 

For example, Debilitating Anxiety scores are the only significant predictor of 

Learning Mathematics Anxiety for 4th Form male students, <1 = 2.77, 12 ::;.01). 

For 6th Form females, Learning Mathematics Anxiety is predicted by Trait 

Anxiety scores <1 3.35, ::;.002) and Debilitating Anxiety scores, <1 = 3.27, 

12. ::;;.005). These results need to be treated cautiously because of relatively 

small subsample sizes. 

5.2.6.2. Discussion of Regression Analyses. 

As in Studies 1 and 2 there are important differences in the predictors of 

mathematics anxiety for males and for females. There are also differences 

among the variables which predict Learning Mathematics Anxiety and those 

which predict Mathematics Evaluation Anxiety. For males, Learning 

Mathematics Anxiety is predicted by Debilitating and State anxiety scores. A 

male who scores highly on the Learning Mathematics Anxiety subscale is also 

likely to report more off-task thoughts on the cognitive checklist than are his 

less anxious counterparts. These off-task thoughts were also found to be a 

significant predictor of Learning Mathematics Anxiety for males in Study 2. 



205 

In that study, however, Debilitating Anxiety and State Anxiety did not predict 

this facet of Mathematics Anxiety for males. 

Females who score highly on the Learning Mathematics Anxiety subscale 

have high debilitating and emotionality scores and report thinking 

negative thoughts about ability, as measured by a cognitive checklist. It 

is surprising that the number of on-task thoughts, obtained by thought-listing 

after the mathematics task, is also a predictor of learning mathematics anxiety 

for females. It may be that this group of students to counter their 

negative thoughts with a self-instruction to get on with the task in hand. For 

example, "I can 't do this sort of problem. I will just have to try hard". In 

Study 2, emotionality was also an important predictor of learning 

mathematics anxiety for female university students. In the present study, 

debilitating anxiety scores are important predictors of learning mathematics 

anxiety for both males and females. 

Debilitating anxiety is also the most important predictor of mathematics 

evaluation anxiety for both genders. For males, scores on the Worry scale of 

Alpert and Haber's (1960) Test Anxiety Scale are another predictor of this type 

of mathematics anxiety. These two variables were also found to be important 

predictors of evaluation anxiety for males in Study 2. For females, 

mathematics evaluation anxiety is predicted by debilitating anxiety scores and 

by on- and off-task thoughts. Debilitating anxiety is also an important 

predictor of this type of mathematics anxiety for female university students. 

That there may be differences between the predictors of mathematics anxiety 

for school-age males and females was suggested in a study by Gliner (1987). 

She obtained data from a high school sample and used a stepwise regression 

analysis with MARS-A scores as the criterion variable. Gender was found to 
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be a predictor in this analysis. Unfortunately, the of the sample used in 

GUner's study was not sufficient to allow separate analyses for males and 

females. While there are some similarities among results from the 

present study and those reported in Study 2, the most noticeable difference is 

the absence of trait anxiety as a predictor of mathematics anxiety for high 

school males. The data indicate that mathematics anxious high school males 

do not share the personality characteristic of their university 

counterparts. Another finding is that, in general, cognitions are predictors of 

mathematics anxiety for females rather than for males. 

The present regression analyses indicate that one variable, debilitating 

anxiety, is the most important predictor of both Learning Mathematics 

Anxiety and Evaluation Anxiety for high school students. These results differ 

from those in Study 2 which showed that the important predictors of 

mathematics anxiety differed between the two anxiety subscales and between 

genders. It was suggested that the remediation of mathematics anxiety 

Study 2 subjects would need to take these differences into account. In the case 

of Study 3 subjects the situation is less complex. The most obvious 

implication of the regression analyses in Study 3 for the remediation of 

mathematics anxiety is that the greatest reductions in the mathematics 

anxiety scores of both males and females should be achieved by reducing 

levels of debilitating anxiety. Techniques such as relaxation training, 

cognitive restructuring and teaching test-taking strategies would be useful. 

These methods would also serve to reduce the levels of emotionality among 

females with high Learning Mathematics Anxiety scores, lower levels of state 

anxiety for males who are learning mathematics anxious and reduce worry 

for males suffering from evaluation anxiety. Because a number of types of 

cognitions are significant predictors of mathematics anxiety for females, 
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particular attention may need to be paid to cognitive restructuring for this 

group. 

Gliner (1987) found that, for high school students, MARS-A scores did not 

predict total mathematics scores on the California Test of Basic Skills. An 

examination of Table 36 shows that, in the present study, mathematics 

anxiety is not a predictor of mathematics performance for males, and learning 

mathematics is only one of a number of predictors of mathematics 

performance for females. For males, self referent negative thoughts are 

predictors of mathematics performance in both Studies 2 and 3, with those 

who perform well reporting fewer of this type of thought. Good performance 

is assisted by positive thoughts about ability on the task and on-task thoughts 

during the task. Rather unexpectedly, the freque'hcy of off-task thoughts 

before the mathematics task is also a predictor of good performance. 

Thinking off-task thoughts before the mathematics task may be a reflection of 

confidence in the ability to perform well. Additional support for this 

suggestion is provided by Study I, which shows the importance of 

mathematics aptitude as a predictor of mathematics performance. 

For females, in addition to the hindering effects of self referent negative 

thoughts, state anxiety also interferes with performance. Other predictors of 

good performance are the frequency of on-task thoughts during the task and 

levels of facilitating anxiety. Facilitating anxiety was also a predictor of 

mathematics performance for the females in Study 2. In the present study, 

the frequency of off-task thoughts before the task also predicts high 

mathematics test scores as it also does for the male subjects. While high 

Learning Mathematics Anxiety scores might be detrimental to performance, 

there is no way of explaining why these scores appear to be associated with 

better mathematics performance. These regression analyses indicate that, for 
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both males and females, the greatest improvements in mathematics 

performance could be achieved through cognitive restructuring. 

5.3. Conclusion. 

The present study continues to show that the RMARS, and a slightly altered 

version of that scale, consists of more than one factor. This finding holds for 

both high school samples (Study 3) and university samples (Studies 1 & 2). 

While it is possible that the factor structure of the scale is more complex for 

high school students than for those at university, there is clear evidence in all 

cases for the existence of a mathematics evaluation anxiety subscale. Two 

further factors have also been clearly identified; Thinking About Mathematics 

and Doing Mathematics. The factor which accounts for the major proportion 

of the variance differs from study to study and between genders. 

Levels of mathematics anxiety in Study 3 were not high, with Evaluation 

Anxiety scores being higher than Learning Mathematics Anxiety scores. 

These findings replicate those in Studies 1 and 2. For the high school sample 

in the present study, females' mathematics anxiety scores were significantly 

higher than were males' on both the RMARS subscales. There were few 

differences between levels of mathematics anxiety across classes. If different 

types of mathematics were considered, it was found that different levels of 

anxiety were aroused by different mathematics topics. For some types of 

mathematics, these levels of anxiety decreased as exposure to the topic 

increased (e.g. algebra) while for other types more experience with the topic 

increased anxiety (e.g. calculus), 
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A cogniti ve-attentional theory of mathematics anxiety is partially supported 

by the data from the present study. Univariate analyses indicated that high 

mathematics anxious high school students reported more self referent 

negative thoughts than did low mathematics anxious students. On one 

measure, more off~task thoughts were listed by high mathematics anxious 

subjects than by those with low mathematics anxiety. This also supports a 

cogni ti ve-a tten tional theory. However, the finding that the more 

mathematics anxious group listed more on task thoughts than the low 

anxious group appears to be contradictory to that theory. It has been suggested 

that mathematics anxious students may think on task thoughts in an attempt 

to counteract their negative thoughts about their ability. 

The present study shows that different results are obtained by the two 

cognitive measures, thought-listing and cognitive checklist. Correlations 

among the cognitions obtained by the two methods indicate that the methods 

are not interchangeable. Checklist methods may encourage subjects to report 

more cognitions than do thought-listing procedures. Differences between the 

two measures may occur because subjects have different cognitions before and 

after a mathematics task. The data also indicate that there may be differences 

between the cognitions of males and females that need to be included in a 

comprehensive cognitive~attentional theory of mathematics anxiety. For 

example, both Studies 2 and 3 found that females, even those who were not 

mathematics anxious, reported more self referent negative and irrelevant 

cognitions than males. These results indicate that females, regardless of their 

levels of mathematics anxiety, are likely to be distracted from a mathematics 

task by negative thoughts about their ability by thoughts which are not 

relevant to the task. 
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There were no significant differences in the magnitude of correlations 

between various anxiety measures and the two RMARS subs cales. Nor were 

there significant differences between the correlations obtained for females and 

those for males. Contrary to expectations, mathematics evaluation anxiety 

was not related more strongly to emotionality than to worry. In addition, 

correlations between learning mathematics anxiety and test anxiety measures 

did not differ significantly from those between mathematics evaluation 

anxiety and test anxiety measures. Although there were few differences in 

correlations from class to class, the anomalous case of 6th Form females 

shows that separate analyses by form may be warranted. 

Study 3 shows that the prediction of mathematics anxiety in a high school 

sample is more complex than would be anticipated from a purely cognitive

attentional theory. Scores on the debilitating anxiety scale are important 

predictors of both aspects of mathematics anxiety in both males and females. 

Other anxiety measures are also important predictors, including state anxiety, 

emotionality and worry. Several categories of cognitions feature as predictors 

of mathematics anxiety for females, but only one for males. It appears that it 

is too simplistic to treat mathematics anxiety as a single factor, or to consider 

that it is the same for females as for males. Nor is a cognitive-attentional 

theory a completely adequate framework for understanding mathematics 

anxiety. 

The general results obtained from Studies 1-3 indicate, among other things, 

that 

1. Levels of mathematics anxiety are not particularly high for 

either males or females. (See Tables 6, 7, 16,28 and 29.) 

2. In some cases there are significant differences between the 

levels of anxiety for males and those for females. In Studies 1 



and 3, females reported higher scores on both of the RMARS 

subs cales (Plake & Parker, 1982) than did males. In Study 2, 

females scored more highly than did males only on the 

Evaluation Anxiety subscale. 

3. Analyses of the measure of mathematics anxiety used in 

Studies 1-3, (RMARS), yield a number of factors, the two 

most frequently distinguishable being anxiety about learning 

mathematics and anxiety about the evaluation of performance 

on mathematical tasks. 

4. There are differences between levels of mathematics 

anxiety on these different factors of the RMARS, with more 

anxiety being elicited by the evaluation of mathematics 

performance than by the learning of mathematics. 

5. There are some differences in the associations between 

mathematics anxiety in general and other measures (anxiety, 

cognitions, performance) for males and for females. These 

other measures are also differentially associated with the two 

mathematics anxiety subscales. 

6. Asking students about their levels of worry about different 

kinds of mathematics indicates that some fields of 

mathematics (e.g. calculus) may provoke more anxiety or 

worry than do others. 
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Knowledge about mathematics anxiety in New Zealand settings could be 

extended by using a wider range of research samples. For example, students 

with very high levels of mathematics anxiety would not be expected to enrol 

in an introductory psychology course with an advertised compulsory statistics 

component. Some schools with particularly high academic standards may 

provide an environment which fosters higher levels of mathematics anxiety 
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than those reported in Study 3. It might also be important to extend 

mathema tics anxiety 

alternative direction for '1"&:><:"""""(" 

to include primary school subjects. 

is suggested by the comparatively low 

of mathematics anxiety reported by the students in the present research, for a 

subject which apparently unpopular. This suggests that there may be 

negative attitudes towards which are not measured by anxiety 

scales such as the currently no measure which can explore 

a range of attitudes to a variety of mathematics situations. One possible tool 

is the Repertory Grid (Kelly, 1955) which will be introduced in the following 

section. 
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Chapter 6. _.rlt1 III) 

6.1. Mathematics Anxiety and Mathematics AHitudes: A Change in 

Focus. 

From a review of the literature on attitudes towards mathematics, it appears 

that the focus has changed over time. Earlier researchers were interested in 

studying a range of mathematics attitudes and devised inventories for this 

purpose (Fennema & Sherman, 1976; Sandman, 1979; Schofield & Start, 1978). 

These multidimensional scales were designed to measure a wide range of 

mathematics attitudes including confidence, attitudes to success in 

mathematics, anxiety, enjoyment and motivation. This interest in a range of 

attitudes towards mathematics was also reflected in review articles by Aiken 

(1970, 1976) and Reyes (1980, 1984). More recently, anxiety is one particular 

attitude towards mathematics which has become a popular research topic. 

Other attitudes such as mathematics self concept and mathematics self efficacy 

have also received attention (Betz & Hackett, 1983; Gourgey, 1984). At the 

same time, there are a few researchers who maintain an interest in more 

general attitudes towards mathematics (Eccles & Jacobs, 1986; Hyde, Fennema, 

Ryan, Frost & Hopp, 1990). 

The advantage of concentrating on a specific attitude is that it can be studied 

in detail. In addition, measuring a single mathematics attitude, while not 

unproblematic, is an easier task than measuring a range of mathematics 

attitudes. There are practical difficulties in the latter case, as a wide range of 

scales would be more difficult to develop and more time-consuming and 

cumbersome to administer. In addition, the attitudes to be studied would 
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usually be specified beforehand by the researcher, who can only assume that 

the attitudes he/she considers to be important are relevant for the subject(s) 

who are being studied. The comparatively low levels of mathematics anxiety 

found in the present research are examples of a mathematics attitude being of 

interest to a researcher but not of particular concern to many of that 

researcher's subjects. In this case, it was clear that there would be benefits in 

moving to a more flexible research approach; one which considered a range of 

mathematics attitudes. 

One way of doing this, and avoiding a proliferation of rating scales, would be 

to employ an approach devised by Cope (1988), who asked his subjects to write 

down at least 15 words that came to mind when they thought about 

mathematics. Using this technique, Cope found that students viewed 

mathematics as important, interesting, fun, difficult, boring, useless and 

frustrating as well as feeling anxious about and threatened by the subject. A 

similar picture emerged from a study by Chapman (1974, in Thomas & Harri

Augstein, 1985) where students wrote down the one word which typified 

their reaction to mathematics. These studies show the wide range of 

mathematics attitudes which were held by a first year university sample and 

also point to the need to understand individual patterns of attitudes towards 

mathematics. 

A technique which appears to be promising for studying and understanding 

individual patterns of mathematics attitudes is the Repertory Grid. This 

technique has been used in research in a wide range of areas (Bannister & 

Fransella, 1980) including educational research (Beail, 1985; Crosby & Thomas, 

1988; Pope & Keen, 1981). In particular, it has been employed to analyse 

attitudes to mathematics teaching (McQualter, 1986) but not, it appears, to 

measure attitudes towards mathematics. If there is more to negative 
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mathematics attitudes than just mathematics anxiety, as the research from 

Studies 1 to 3 indicates, the Repertory Grid would be a suitable tool for the 

measurement and understanding of such attitudes. A general introduction to 

Repertory Grids is given in Section 6.2.1. Sections 6.2.2. to 6.2.4. give 

information about grid construction, analysis and grid reliability and validity. 

The data from Studies 1-3 give some idea of the complexity of mathematics 

anxiety. They also show that while some students clearly suffer from high 

levels of mathematics anxiety, for others it appears that anxiety is not a major 

problem. This makes it difficult to explain the frequent negative reactions to 

mathematics that the researcher observed during the course of conducting the 

preceding studies. Students often protested at the prospect of being asked to 

do anything connected with mathematics and said that they hated it, could 

not do it or found it boring. Comments such as these, made during the 

course of the preceding studies, suggested that it was necessary to consider 

whether or not some students may have negative feelings about mathematics 

without being mathematics anxious in a manner which was measured by the 

RMARS. For example, a student might dislike the subject or be bored by it. 

Even when a student is clearly anxious about mathematics there may be 

marked differences between males and females with regard to which 

variables are associated with different factors of mathematics anxiety. In 

addition a student may be comfortable with one type of mathematics while 

disliking another type. Existing mathematics anxiety scales do not allow a 

researcher to examine this possibility, as the items deal with mathematics 

generally. 

From the information gained in the present research, it appeared that 

negative attitudes towards mathematics may be idiosyncratic and thus not 

easily tapped by a single scale such as the RMARS. It was beginning to seem 
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that what was needed was a series of mathematics attitude rating that 

asked students to indicate not only their levels of anxiety but also their other 

attitudes, such as confidence, interest and enjoyment, to a of 

mathematics. The difficulties associated with such a series of include 

selecting what are the relevant mathematics types and attitudes. of 

scales that covered all relevant topics and attitudes would be unwieldy for 

general use. At the same time, topics and attitudes considered relevant by 

the researcher may be seen as irrelevant by a person completing the scales. If 

negative attitudes to mathematics are as idiosyncratic as the present research 

appeared to suggest, might separate scales be needed for each person? 

As a step towards a greater understanding of students' attitudes towards 

mathematics it was clear that more needed to be known about the types of 

mathematics they liked and those they did not. Other matters also warranted 

exploration. For example, what were the aspects of mathematics classes and 

learning mathematics about which they felt positive. What variables 

differentiated between mathematics situations and/or topics that were 

enjoyable and those that were not? 

In order to answer questions such as these, it became clear that information 

needed to be obtained on an individual basis. There are a number of ways of 

going about this, one being the use of an ethnographic approach. This 

involves gaining an insider'S view of a different culture or some aspect of 

group or individual experience, often through a series of detailed 

unstructured interviews. Such an approach has both benefits and limitations. 

While it yields fine-grained detail about the area of interest the method is 

time-consuming and the data are difficult to quantify. The Repertory Grid 

Technique (Kelly, is a different method which would appear to meet the 

need to obtain a detailed insight into each person's attitudes towards 
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mathematics while, at the same time, being time-consuming and 

producing more quantifiable data than do ethnographic techniques. 

6.2.1. Introduction to the Repertory 

Chetwynd (1973) has described the Repertory Grid Technique (RGT) as a 

generalised grid technique for measuring the content and structure of the 

cognitive system. She noted that it has been derived from a number of 

assessment methods such as Kelly's Repertory Grid (Kelly, 1955), Osgood's 

Semantic Differential (Osgood, Suci & Tannenbaum, 1957) and Stephenson's 

Q-Sort Techniques (Stephenson, 1953). Chetwynd believed that, as a derived 

method RGT has neither any particular theoretical basis nor definite rules for 

its application or construction. This makes it a particularly flexible, adaptable 

instrument, able to change to meet the requirements of each experimental 

situation. 

Others (for example, Phillips, 1989) would tie the Repertory Grid much more 

closely to Kelly (1955) and his theory of personal constructs. Phillips argued 

that there is indeed a clear theoretical basis for the RGT and has pointed out 

that some studies are so inconsistent with personal construct principles as to 

be unrecognisable as examples of that field. However, it does appear to be 

generally accepted that RGT can usefully be applied to an almost limitless 

range of topics where the researcher is interested in finding out more about 

how people construe their situation or some particular aspect(s) of it. The 

particular benefit of a well-constructed Repertory Grid is that it enables the 

researcher to share the respondent's point of view (Fransella & Bannister, 

1977). 



218 

of a Repertory 

Repertory Grid (often called Rep. or just grid) is a 

two-way classification of data consisting of a of elements and a set of rating 

scales called constructs (Humphries, 1973, in Phillips, 1989). Smith (1978) 

distinguished between elements and constructs by defining elements as the 

objects of people's thoughts (people, objects, events or experiences) and 

constructs as the qualities that people attribute to those objects. Phillips (1989) 

defined a construct as a way of looking at something which determines the 

interpretation we make of that thing. 

The construction of a RG involves obtaining a selection of elements and 

constructs. There are a of questions which a researchers may ask 

him/herself at this point, the basic one being "Do I provide the elements 

and/or constructs?" or "Do I elicit the elements and/or constructs from my 

subject?". Whichever method is used, it is important that the elements give 

a representative coverage of the area to be investigated (Easterby-Smith, 1981; 

Fransella & Bannister, 1977). The advantage of providing elements for a grid 

is, thatif they are carefully chosen, good coverage oLthe area of interest can be 

assured. Unfortunately, the researcher cannot be sure that the elements 

he/ she selects are those which are most relevant for the subject. 
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number of elements. Easterby-Smith (1981) believes that it possible to 

provide an adequate coverage of any topic using no more than twelve 

elements. In practice, the number of elements which the researcher decides 

to use is likely to be dictated by the task in hand. Most used for clinical 

purposes contain 15-25 elements while non-clinical applications seldom use 

as many as this. 

When selecting constructs the issue again is whether they should be provided 

or elicited. If constructs are provided the grid is in effect being used, as 
I 

Easterby-Smith (1981) has pointed out, as a semantic differential. The major 

limitations of this approach are that the researcher cannot be sure that the 

provided constructs are representative of the ones that the subject would 

have produced spontaneously or even whether the subject and the researcher 

share the same understanding of the construct. It is possible to overcome 

these limitiations by checking with the subject that the provided constructs 

are representative of the topic of interest and are meaningful. 

There are a number of ways of eliciting constructs from a subject. The best 

known is that of triadic elicitation. This involves presenting the subject with 

three elements and asking him/her to specify some important way in which 

two of them are alike and what way the third element is different from the 

other two. This procedure is designed to produce two contrasting poles for 

the construct. These poles may be logical opposites (ambitious-not 

ambitious). On the other hand, a subject may think of the contrast to 

ambitious as being "does not trample on people". This contrast pole tells the 

researcher much more about the meaning of the construct than would be 

gained by assuming that the contrast pole of a construct is invariably its 

logical opposite. 

Triads of elements are usually presented until no new constructs are being 

elicited. The selection of which triads are subsequently to be presented to the 
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subject is carried out by the researcher on either a random basis or by making 

decisions about which combinations of elements will bring out the greatest 

contrast in the elements. Easterby-Smith (1981) has noted that it is important 

that all elements are given roughly equal chances of appearing in triads, 

otherwise some elements will tend to dominate the type of constructs being 

produced. 

There is no reason why triads have to be used for eliciting constructs. Dyads 

can also be used and may be preferable when the elements are complex 

(Easterby-Smith, 1981) or when eliciting constructs from children (Fransella & 

Bannister, 1977). Other methods of eliciting constructs include card sorts 

(Easterby-Smith) and by constructing pyramids or self characterisation 

(Fransella & Bannister). Laddering is a method which is often used to 

generate constructs that are increasingly fundamental or superordinate. This 

involves eliciting a construct, using for example the triadic method, and then 

asking the subject which is the preferred pole of the construct and why that 

side is preferred. The answer to this produces another construct 

superordinate to the first and the procedure is continued until the subject is 

unable to produce any further new constructs. 

Linking constructs to elements can be done in a number of ways. The usual 

method is to rate each element on scales, often five or seven point, defined by 

the two poles of each construct. In this format the grid appears similar to that 

of Osgood et al.'s (1957) semantic differential. In fact, the two techniques are 

quite different with the RGT endeavouring to understand the dimensions 

individuals use to make sense of their world while the semantic differential 

imposes dimensions of meaning on the individual. Elements and constructs 

can also be linked by dichotomising, where each element is rated as being 

closest to either the left or right pole of a construct. A benefit of dichotomous 

scales is their ease of analysis. Linking constructs and elements by using 
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rating scales requires more sophisticated analysis but provides a greater 

discrimination of each element on each construct than do dichotomous 

methods. 

Analysis 

The most simple analyses of Rep Grids involve rearranging the rows 

(constructs) and columns (elements) of a grid so that similar constructs and 

elements are positioned close to each other. This technique is known as 

focusing. It is also possible to obtain correlation matrices for elements and 

constructs by counting the number of matches in pairs of columns or rows. 

While simple techniques are suitable for use with smaller grids, the larger the 

grid the greater the need for something more sophisticated. There are a 

number of computer programmes which analyse grid data. The FOCUS 

programme (Shaw & Thomas, 1978) is based on cluster analysis. An extended 

version called RepGrid (Shaw, 1989) is now available. WGRID (Slater, 1977) 

is a popular programme based on principal component analysis. The SPSSX 

package (1986) has factor analytic options which may be useful for grid data. 

These programmes will produce cluster analyses (FOCUS) and principal 

components analyses (INGRID, RepGrid) of grid data. The RepGrid 

programme (Shaw, 1989) includes a facility to represent the data graphically 

while the highly sophisticated WGRID (Slater, 1977) will perform a number 

of different analyses including the analysis of groups of grids. 

6.2.4. Reliability and Validity of '-" ... ~, .... "'. 

Slater (1977) appears to doubt the wisdom of testing statistically for the 

reliability of any particular grid. has pointed out that what is needed 

evidence that any particular grid is logically relevant. Slater stressed that it 
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necessary to establish connections between the contents of the grid and what 

is known about the informant from other sources. Such evidence, if logically 

valid, would pre-empt the call for statistical tests (Slater, 1977). Similar 

reservations have been expressed about grid validity. Yorke (1985) has 

that measuring construct and content valildity of a grid is problematic,first 

because many grid users do not to measure a particular attribute and 

second because the sampling of elements and constructs is rarely 

representative of their respective populations (Yorke, 1985). Yorke also 

mentions a grid study by Fransella and Adams (1966) which allowed the 

researchers to discover reasons for their clients' behaviours that could not 

have been anticipated from existing theory. Yorke claims that the series of 

grids was valid in that they told the researchers something that they did not 

know. Yorke (1985) queries "should not validity/ then/ also be open to 

construing in terms of enlightenment?" (p.385). Yorke also pointes out that 

the validity of any particular grid can be considered from the point of view of 

the grid's potential to accurately represent a person's construing. 

It was precisely because of the potential of the grid technique to explore the 

unknown and to reflect the way in which individuals see certain aspects of 

their world/ in this particular case the subject mathewatics, that it was chosen 

as the major research tool in the following study. 



The use of the repertory 

of how an individual 
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as a tool for obtaining a detailed understanding 

aspect of their life has been outlined in the 

previous section. The aim of this study was to use this tool to gain insight 

into individuals' perceptions of mathematics with particular emphasis on the 

perceptions of those with negative attitudes towards the subject. This 

exploratory research would examine whether students' perceptions of 

mathematics were idiosyncratic or whether there were similarities in the way 

certain groups of students construed aspects of mathematics. For example, 

was mathematics construed in similar ways by both males and females who 

did not like mathematics? Where possible, the results from the present study 

would be linked to previous research. The implications for mathematics 

anxiety theory were also to be addressed. 

7.1. Method. 

The subjects used in the present study were all volunteers from an 

introductory psychology course at the University of Canterbury. The subjects 

fell into two groups, those who liked or enjoyed mathematics and those who 

did not like or enjoy the subject, based on a subjective assessment of their 

own attitudes and feelings. The only other criterion for selection was that 

each volunteer was prepared to participate in two interviews with the 
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researcher, a total of approximately two hours. Subjects were obtained from 

first year laboratory classes during the first terms of 1989. 

A total of 52 subjects was used in the n'l"c.co~"t' study. Of the 26 females, 11 

classed themselves as having positive attitudes towards mathematics while 

15 said that their attitude towards the subject was negative. 15 of the 26 male 

subjects claimed to have positive attitudes towards mathematics with 11 

saying that their attitude was negative. The subjects were not asked their age 

but the majority were estimated to between 18 and 21 years old. However, 

six of the females and five of the males were older students whose ages were 

estimated to range from 30 to The mathematics background of the 

students ranged from 5th Form (6 subjects) to Stage 1 university mathematics. 

The majority of the sample (38 subjects) had completed 7th Form 

mathematics. 

7.1.2. Instruments. 

Mathematics constructed by eliciting both elements and constructs 

from each subject. (see section 7.1.3.). Elicitation was chosen, rather than 

providing elements and constructs, because the researcher's central concern 

was to tap the content and pattern of the way each individual saw and felt 

about mathematics. Elements were mathematics situations or topic areas that 

were important to each subject and the number of elements elicited ranged 

from 7 to 17. Constructs were the attitudes, feelings or perceptions of the 

subject towards each of these elements. The number of constructs elicited 

ranged from 5 to Subjects' levels of mathematics anxiety were assessed 

with the (Plake Parker; 1982). 
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7.1.3. Procedure. 

Every subject participated in two interviews each of approximately one hour's 

duration. The first session began with a semi-structured interview schedule 

which asked questions about the length of the subject's mathematics 

education, their attitude towards maths, whether their attitude had changed 

at any time and any particular experiences they had had with mathematics 

were particularly memorable. The interview then turned to the eliciting of 

repertory grid for mathematics. Elements were elicited by asking subjects 

what aspects of mathematics they liked or did not like. Subjects were 

encouraged to be as specific as possible. For example, "[ don't like having to 

do endless exercises from a textbook" was preferred to the more general "[ 

don't like maths classes". Subjects were also encouraged to think of a range of 

specific mathematics tasks, topics and situations, some of which they felt 

positive about and some about which they felt negative. Elements were 

elicited until no more were being provided. At this point subjects were not 

pressured to think of more elements as the researcher was attempting to 

obtain only those which were the most salient. 

When the subject felt that the list of elements included all the aspects of 

mathematics that were relevant for them, the method of triadic elicitation 

was used to elicit constructs. Each element was written on a small square of 

paper. The subject was presented with elements in groups of three and was 

asked to say what two of the elements had in common that made them 

different from the third element. The technique of laddering was used to 

elicit core, or superordinate, constructs. 

why any particular pair of 

Each time a person gave a reason 

was different from the third, the 

researcher questioned why it was, until the subject could give no further 

reason. It was then assumed that a core construct had been obtained. The 
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subjects were then asked what they considered to be the opposite of that 

construct. This ensured that the person's own meaning of the construct was 

captured, which does not always happen if logical opposites are imposed by 

the researcher. The eliciting of constructs concluded when the same core 

constructs were being produced repeatedly. 

Generally, it was possible to complete the construction of the grid in one 

session of about an hour. In all cases the second interview was held as soon 

as possible after the first, often the next day and never more than one week 

later. During the second session subjects were asked to complete the grid by 

rating each element on each construct on a one to five scale. The researcher 

was concerned that if elements and constructs were presented to subjects in a 

grid form, later ratings might be influenced by those made earlier. To 

overcome this potential source of bias each grid was presented as a series of 

separate pages, each page requiring the subject to rate the list of elements on 

one construct. After the grid had been completed, subjects completed the 

RMARS. 

7.2. 

Statistical Analyses. 

Grid data were analysed in two ways, first by content analysis of the elements 

and constructs of the grid (7.2.3.) and, second, by a programme called RepGrid 

(Shaw, 1989). This programme produces a distance-based cluster analysis 

using standard principal components analysis techniques which can be used 

to assess the major dimensions along which a person makes distinctions. 

The programme also uses a form of cluster analysis to reorganise the grid by 
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the similarity of elements and constructs and produces a hierarchical 

clustering which "preserves the data elicited from [the subjects] so that the 

sources of the analysis are evident and can be discussed" (Shaw, 1989, p.ll). 

The results of these computer analyses of the grid are presented in 7.2.4. 

7.2.2. Levels of Mathematics Anxiety. 

Levels of mathematics anxiety, as measured by the RMARS, are shown in 

Table 37. Females who said that they had negative attitudes towards 

mathematics had the highest mean scores on all mathematics anxiety 

measures; M = 46.2 (SD = 10.81) on the Learning Mathematics Anxiety 

subscale, M = 30.73 (SD = 5.95) for Mathematics Evaluation Anxiety and a total 

RMARS score of M = 76.93 (SD = 15.43). Mean item scores for this group were 

M = 2.88, almost 'a fair amount' of anxiety, for Learning Mathematics 

Anxiety and 3.88, almost 'much anxiety' for Mathematics Evaluation 

Anxiety. The lowest mathematics anxiety scores were for the group of male 

students who had positive attitudes towards mathematics. The mean 

Learning Mathematics Anxiety score for this group was M = 25.07 (SD = 7.17). 

This is equivalent to a mean item score of M = 1.56~between 'not at all' and 

'a little' anxiety They obtained a mean Evaluation Anxiety score of M = 19.93 

(SD = 5.46 and mean item score, M = 2.49) and a mean total RMARS score of 

M = 44.93 (SD = 11.68). 

There were significant differences between the levels of mathematics anxiety 

for groups with positive attitudes to mathematics and those with negative 

attitudes to the subject, particularly on the Learning Mathematics Anxiety 

subscale, (F(3,48) = 18.17, 12- 5.0001). The most marked differences were 

between Learning Mathematics Anxiety scores for males with positive 
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between the two female 

attitudes, <1(28) 

<1(26) = 5.11, 1!. S.OOO1). 

Mathematics Anxiety score for all the male subjects 

228 

S.OOOl) and 

mean Learning 

== 28.81) was 

significantly lower than that for all females <M. := 37.89,1(50) ::::: 2.82, 1!. S.01). 

Males with negative mathematics attitudes also had significantly lower 

Learning Mathematics .r">.J.L.IU.<::: scores than did the equivalent female group, 

(1(24) ::::: 3.05, I2 S.Ol). 

Table 37 

Levels of Mathematics Anxiety for Subjects in Study 4. 

Males, Males, All Males Females, Females, All 

+ve Attit. -ve Attit. +ve Attit. -ve Attit. Females 

24 Item RMARS 

Learning Math. 

Anxiety 

Evaluation 

Anxiety 

7.2.3. 

7.2.3.1. 

44.93 60.18 

25.07 34.18 

19.93 26.00 

Analysis of the 

of Elements and 

51.39 47.64 76.93 64.54 

28.81 26.55 46.20 37.89 

22.62 21.09 30.73 26.65 

"' ..... nt".'''' Elicited. 

The number of elements elicited from females who said that had 

negative attitudes towards mathematics ranged from 11 to 17 with a mean of 

M== constructs from 5 to 13 ::::: 9.5). Grids from female subjects 

with positive attitudes towards yielded an := 11.9 
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elements (range 9 - 17) and = 8.5 constructs (range of 7 - 13). Male subjects 

with negative attitudes towards mathematics provided a wider range of 

elements, from 7 - 18 (M 11.6), but a similar range of constructs as the two 

former groups 5 - 12, = The final group of subjects, males with positive 

attitudes to mathematics, provided between 8 and 16 elements <M =: 11.3) and 

6 to 13 constructs 

significant. 

7.2.3.2. Content 

None of the differences between the groups is 

of Elements. 

The elements elicited from all four groups were similar in that they consisted 

of a mixture of mathematics topics or subjects, situations in mathematics 

classes and particular levels or classes of mathematics. The first topics given 

as elements by any subject with negative attitudes were almost invariably 

those that they did not like. These topics included algebra, calculus, statistics 

and trigonometry. Some more basic mathematical processes such as tables, 

formulas and graphing were also given. In spite of having negative attitudes 

to mathematics in general, every subject provided some aspect of working 

with numbers about which they did not feel negative. In some cases it was a 

practical form of mathematics such as giving change or book-keeping but 

most often it was a topic such as basic mathematics. Some subjects also gave 

algebra and statistics as elements about which they had positive feelings. On 

the other hand, many subjects who felt generally positive towards 

mathematics also mentioned topics that they did not enjoy such as 

probability, linear algebra and calculus. 

Elements that described mathematics situations included attending 

mathematics classes, lectures and tutorials, doing exercises, assignments and 
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homework, working with a textbook, asking questions in class listening 

to the teacher explain something. Apparently mathematics tests and 

examinations were salient for the .~~ •• "ij].~tt~l\IiJJ_~;li~, their 

attitude to mathematics. Only eleven subjects did not mention either 

mathematics tests or examinations. All others gave either tests or exams as 

elements, with ten subjects mentioning both. 

third category of elements was also elicited very frequently and usually 

consisted of a pair of elements, one being a class or YE1ar of mathematics 

education that the subject had enjoyed and the other being a class that had 

been unenjoyable. Commonly mentioned enjoyable years of mathematics 

were the 4th Form and the 5th Form. Less enjoyable years of mathematics 

included the 6th Form, 7th Form and 3rd Form. 

7.2.3.3. Content Analysis of Constructs. 

In most cases, the constructs elicited from the subjects were able to be placed 

in one of three categories. Constructs included attitudes or feelings that the 

subject had towards the element(s), such as "feel confident", "nervous", and 

"like" or "enjoy". Some constructs described the characteristics of the 

elements, as seen by the subject. Examples of these include "easy", "relevant", 

"crmqJUcated" and "boril1fi?". The other major category of constructs was one 

which related to the ability that a subject thought that he/she had relative to 

the element in question. The most frequently elicited constructs in this 

category were "understand/do not understand" and "can do/can not do". 

The twenty most frequently mentioned constructs account for 81.8% of all the 

constructs elicited. Of the remainder of the constructs, most were mentioned 

by only one subject. 
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There were marked similarities among the constructs elicited from the four 

groups of subjects. For example, the construct "enjoy/do not enjoy" was 

mentioned by most subjects. Twelve of the females with negative attitudes 

towards mathematics mentioned enjoyment or liking, the contrast pole 

always being "do not enjoy/like". One other subject from this group used the 

distinction "hate/feel neutral" and another "don't like/ quite like". Three of 

the male subjects with negative attitudes to mathematics gave "hate" as the 

negative pole of this construct and, in all, ten subjects from this group used 

the constructs "enjoy/do not enjoy". All females with positive attitudes to 

mathematics gave "enjoy" or "like" as a construct. Sometimes the contrast 

pole was "do not enjoy" but often, and in contrast to the other female group, 

it was "enjoy less". Males with positive attitudes towards mathematics also 

used the enjoy morel enjoy less distinction. 

There were differences among groups in the frequency with which stress 

related constructs were elicited. For females with positive mathematics 

attitudes, one subject used the construct "nervous" and one "pressure". Nine 

constructs relating to worry or anxiety were mentioned by females with 

negative attitudes to mathematics. Only four of the males with negative 

mathematics attitudes gave this type of construct, these being "pressur~","not 

relaxed", "apprehension", and "worry". Seven of the males with positive 

attitudes towards mathematics used "pressure" as a construct. This apparent 

anomaly will be addressed in subsequent sections. One male with positive 

mathematics attitudes admitted that he found some mathematics worrying. 

Of the constructs which described characteristics of the elements, a large 

proportion of all the groups of subjects gave "easy/hard" as a construct. 

Whether an element was relevant or not was also an important distinction 
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for all groups. The construct "boring", and its contrast pole "interesting" was 

given by ten of the males with positive attitudes to mathematics and by four 

males from the other group. This construct was less relevant for females, 

warranting only one mention by a female with negative mathematics 

attitudes and given by two of the females with positive attitudes. "Complex" 

was another construct used by all four groups to describe elements. 

Another frequent distinction between elements was made on the basis of 

whether students thought that they could, or could not, "do them". "Can 

do/can not do" was a construct pair used by thirteen females with negative 

mathematics attitudes, seven memebers from each of the male groups and 

only five of the females with positive attitudes. Whether or not they 

understood the element, was a construct provided by fewer subjects. Nine 

females with negative attitudes, four females with positive attitudes and 

three subjects from each of the male groups used this construct. 

7.2.4. Repertory Grid Analysis. 

7.2.4.1. Principal Components Analyses. 

A principal components analysis was used to obtain insight into which 

constructs subjects use to differentiate most effectively between the 

mathematics situations (elements) in any grid. In Repertory Grid analyses the 

first three components can often account for as much as 90% of the total 

variance (Slater, 1977). The results of principal component analyses of the 

data from Study 4 are shown in Table 38. The mean proportion of variance 

accounted for by each of the three major factors is given in this table. 
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Table 38 

Mean Percentage of Variance Accounted for by Three Major Components in Mathematics Grids. 

Males, positive math. 

attitudes 

Males, negative math. 

attitudes 

Females, positive math. 

attitudes 

Females, negative math. 

attitudes 

Factor I 

69.00 

66.82 

70.70 

Factor II Factor III 

18.87 9.47 

15.90 7.64 

18.00 8.46 

14.30 6.87 

In the case of male subjects with positive attitudes towards mathematics, 

Factor I accounts for between 38.86% and 83.77% of the total variance, 

M = 62.33%, and Factor II for 8.52% to 31.65%, Six of the fifteen 

subjects in this group have substantial amounts of variance on a third factor, 

this variance ranging from 10.54% to 17.47%. In the other group of male 

subjects between 44.79% and 93.73%, M 69.00%, of the total variance was 

attributable to Factor I. ~!"t(;\if'. contributed a further 3.66% to 28.96%, 

M = 15.9% of the variance. Factors I and II together account for 63.15% to 

97.39% of the total variance. This group of subjects yields four grids in which 

the third factor exceeds 10% of the total variance. The maximum variance on 

this third factor is 14.93%. 

For females with negative mathematics attitudes, Factor I accounts for 

between 45.75% and 92.93%, M :::: 70.7%, of the variance and Factor II for 

between 5% and 28%, M :::: 14.3. For this group, 2 component (factor) solutions 
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account for a total variance ranging from 73.7% to 97.9%. For four subjects a 

third factor accounts for an additional 10% to 14.7% of the variance. For the 

females with positive mathematics attitudes, Factor I accounts for 39.37% to 

87.48%, M = 66.82%, of the total variance. Factor II accounts for between 5.27% 

and 35.92%, M = 18.00%. Together Factor I and II account for between 75.29% 

and 94.47% of the total variance. For only two subjects in this group does 

Factor III contribute to a substantial proportion of the total variance; between 

13.41 % and 19.26%. 

7.2.4.2. Analysis of Salient Elements and Constructs. 

A RepGrid analysis produces tables which show the extent to which each 

construct and element loads on each of the factors obtained from the principal 

components analysis. The higher the numerical value of the loading, the 

more salient the element or construct. This information can also be 

presented graphically, as in Figure 2. This shows a fairly simple example of 

the two major factors obtained from a mathematics grid elicited from a male 

who had negative attitudes towards the subject. 

In the case of the first component, the elements with the highest positive 

loadings are basic mathematics, 4th Form mathematics classes, and statistics 

projects. The highest negative loadings are for algebra and calculus. The 

central constructs which this student uses to distinguish these elements from 

each other are that they are seen as easy and simple (basic math., 4th Form 

and stats. projects) or hard and complex (algebra, calculus). The important 

pairs of constructs in the second factor were 'serious/fun' and 'need/do not 

need'. The most salient element in relation to these two constructs was 

'examinations " which were seen as being both serious and needed. 
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All the mathematics grids were analysed in this way and the results are 

summarised in the following paragraphs. The most salient constructs and 

elements for females with negative attitudes are presented in 7.2.4.3., for 

females with positive attitudes in 7.2.4.4 and for with negative and 

positive attitudes in and 7.4.4.6., respectively. In these sections 

elements are described as either positive or negative elements depending on 

whether their component loadings are positive or negative. Often salient 

elements and constructs were the same for several members of each group. If 

a construct or element was salient for more than one subject, the number of 

subjects is included in brackets after the construct/element. In the interests of 

parsimony, attention is mainly directed towards the first factor. When 

comparisons between groups are made, X2 results are given only if the 

differences are significant. 

7.2.4.3. Salient Elements and Constructs 

Mathematics Attitudes. 

Female Students with Negative 

The salient positive elements showed considerable similarities among the 15 

subjects in this group. Basic mathematics was an important element (n 10) 

as also was "practical mathematics", such as adding grocery items, balancing a 

chequebook or giving change (n 5). A particular class or year of 

mathematics was important for seven of the subjects and some particular type 

of mathematics such as learning tables, graphing or basic geometry was also 

salient (n ::; 7). These elements were viewed positively by the subjects for a 

range of reasons or constructs. Most frequently the elements were viewed 

positively because they were classed as easy (n = 7), liked or enjoyed (n = 10), 

could done well by the subjects (n 6), could be understood (n 5) and did 

not worry them (n = 5). 
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In almost all instances the most important negative elements for this group 

were particular types of mathematics. Abstract mathematics was a major 

concern for seven subjects, algebra for five and calculus for four subjects. A 

particular mathematics class (eg 7th Form, 4th Form) was a salient negative 

element for four members of this group. Examinations and tests were salient 

elements on only two occasions. There was a range of reasons why these 

particular elements were viewed negatively by the subjects. Frequent salient 

constructs were; "did not enjoy" (n = 6), "hard" (n = 5), "don't do well" (n = 5), 

"worries me" (n = 4) and "don't understand II (n = 4). Sometimes these 

disliked elements were seen as being useless or irrelevant (n = 3) or they were 

disliked because they were complex, confusing, complicated, boring or 

abstract. 

Tests and examinations are not always important elements for this group. In 

only four cases are tests and examinations distinguished from other elements 

on basis of constructs comprising the first component. In these instances tests 

and examinations have negative factor loadings and are associated with 

constructs such as dislike, do not understand, nervous and avoid. In a 

further six cases, either tests and/or exams are salient elements on a second 

factor and are distinguished from other salient elements by a quite different 

set of constructs. The constructs associated with examinations/tests are that 

they are done under a time limit, it is important to do well, they contribute to 

the end of year grade, require long term memory, are stressful, compulsory 

and others see the results. 

The above paragraphs summarise the most important constructs and 

elements for the 15 females with negative mathematics attitudes. More fine 

grained detail may be obtained by examining the patterns in an individual 

grid. One of this group of subjects was selected at random and the grid for this 
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subject is given in Figure This shows that basic and balancing 

a chequebook are particularly salient positive elements for this subject. Other 

important positive elements are graphing and 5th Form mathematics. Four 

negative elements are very salient; integers, algebra, abstract mathematics and 

6th Form mathematics. Positive elements are associated with six constructs 

including liking, understanding, relevance and confidence. The opposite 

poles of these constructs are linked with the negative elements. For this 

subject there are three particularly salient elements on the second 

component, these being tests, examinations and homework. Tests and 

examinations contribute to the end-of-year grade it is important to do 

well in them. Homework is not important to do well and does not contribute 

to the final grade. 
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7.2.4.4. Salient Elements and ,Constructs for Females with Positive 

Mathematics Attitudes. 

In contrast to the preceding female group, the most relevant positive 

elements for the females with positive attitudes to mathematics did not 

include any mention of basic mathematics, (X? == 10.99, p ~.OOl), although 

everyday mathematics was important for one subject. A wide range of 

mathematics topics was favoured by the present group with only two 

elements, exams and calculus, being important to more than one person (n == 

2). Central elements included algebra, geometry, working examples in class 

and more general topics such as working with numbers and using formulas. 

These elements were distinguished from o~on the grounds that they were 

enjoyable (n == 8) and easy (n == 4). This group was a little more likely to 

differentiate among positive mathematics elements on the basis of 

enjoyment or liking than were the females with negative attitudes (72.7% c.f. 

66.6%). On the other hand, females with positive attitudes were less likely 

than the other female group to use "easy" as an important characteristic of 

these elements (36.4% c.f. 46.7%). The ability to do or to understand a 

particular type of mathematics was important for 40% and 33.3%, respectively, 

of the females in the negative attitude group. For females with positive 

attitudes, ability appeared as a central construct for only two (18.2%), and 

understanding was important for one. Females with positive attitudes used 

constructs that no female with negative attitudes used. For example, salient 

constructs for positive mathematics elements included "interesting", 

"creative" , "challenging" ,"requires thought" and "satisfying" (n == 2). "Do 

not worry" and "do not avoid" were not salient constructs for any member 

of the positive attitude group although positive elements were viewed as not 

being worrying (n == 5) or not avoided (n = 2) by negative attitude females. 
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Mathematics tests or examinations were salient elements for only three of the 

females with positive mathematics attitudes. These elements had high 

positive loadings on Factor I and were associated with the constructs of 

"enjoy", "useful" and "requires thought" (rather than rote learning). 

The most salient negative elements for the females with positive 

mathematics attitudes were also very varied. Algebra, statistics, and 

trigonometry were topics that were not viewed positively. University 

calculus lectures, mathematics tutorials, giving answers in class and 

mathematics examinations were also unpopular. For two subjects calculus 

was an element which evoked strong negative reactions, while for another 

two subjects basic mathematics was problematic. 

For seven mathematics-positive females, the main construct which 

distinguished negative elements from positive elements was they did not 

enjoy it. This was a salient construct for more of this group (63.6%) than for 

the group of females with negative mathematics attitudes (40%). Another 

reason that elements were viewed negatively by the present group of females 

was because they were seen as irrelevant (n = 3). Two (18.2%) of this same 

group gave "do not understand" and "ean not do" a.s salient constructs. In 

comparison, 33.3% of the females with negative attitudes used "ean not do" 

as a reason for responding negatively to certain elements. Negative 

mathematics elements were also distinguished by females with positive 

mathematics attitudes on the basis that they were boring (n = 2) or too easy. 

In only one case was the difficulty of the element regarded as a problem by 

this group, although difficulty was a concern for 33.3% of the female subjects 

with negative attitudes. For two of the females with positive attitudes "less 

satisfying" was an important construct as also was "being told what to do". 

No subject in the present group used "worries me" , "avoid" I or "give up" as 
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important dimensions for defining their attitudes to negative mathematics 

elements although eight of the females with negative attitudes (53.3%) used 

one or other of these constructs, (X? =: 5.87, p :::;;.05). 

7.2.4.5. Salient Elements and Constructs for Male Students with Negative 

Mathematics Attitudes. 

The most salient elements for males with negative mathematics attitudes 

were the same topics which were important for the corresponding female 

group, namely basic mathematics (n = 7) and practical applications such as 

science maths and accounting (n = 5). Graphs (n = 3) and statistics (n = 2) were 

also central elements for this male group. In contrast to the seven females 

with negative attitudes who gave a class or year of mathematics about which 

they felt positively, a particular mathematics class was an important element 

for only one male subject. 

Of the main reasons why the mathematics elements were viewed positively 

by the male subjects with negative attitudes, the most frequent were "can do" 

(n = 5) and "easy" (n = 4). These were also important constructs for a similar 

proportion of the equivalent female group. "Like" or "enjoy" was an 

important construct for six male subjects. " Understand " was less frequently a 

central construct for males with negative attitudes (n = 2, 18.2%) than for 

females with negative attitudes (n = 5, 33.3%). There were only two instances 

of constructs which referred to a lack of anxiety about the positive elements, 

these being "don't avoid" and "relaxed". In contrast, this type of construct 

was important for eight of the females with negative attitudes. Positive 

mathematics elements were "relevant" or "useful" for five of the males with 
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negative attitudes subjects but for only two of the corresponding female 

group. 

Salient negative elements for the present group were calculus (n = 3), 

trigonometry (n = 3), (n 2) and complex formulas (n 2). For no 

subject in this group was "abstract mathematics" an important negative 

element, although this was important for 46.7% of the females with 

negative attitudes. The results from both the groups with negative 

mathematics attitudes were similar in that examinations and tests were not 

often central concerns. For male subjects in the present group, in only two 

instances were examinations salient elements on the main component. For 

two other subjects examinations were important elements on a second factor, 

being associated with the constructs "open book" and "tests a wide range of 

knowledge If. 

The main reasons that the males with negative attitudes gave for their 

feelings towards the above elements were that they did not enjoy or disliked 

them (n = 7, 63.6%). Females with negative attitudes were less likely to use 

this reason to distinguish their disliked elements (n = 6, 40%). The difficulty 

of the element was also important for four male subjects (36.4%), 

which was similar to the proportion of females with negative attitudes using 

this construct (33.3%). Whether an element was seen as pointless or useless 

was important for four males (36.4%), but only three females (20%). Male 

subjects with negative attitudes were also less likely than females with 

negative attitudes to have "don't understand" and "can not do" as central 

constructs. "Do not understand" was a central construct for only one male 

(9.1 %), but for four females (26.7%). Similarly, "can not do" was a central 

construct for two males (18.2%) and five females (33.3%). The construct 
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"worries me" was not salient for any of the males in the present group but 

this construct was important for 26.7% of the corresponding female group. 

7.2.4.6. Salient Elements and Constructs for Male Students with Positive 

Mathematics Attitudes. 

For males with positive mathematics attitudes, or 

specific years of mathematics were seldom salient elements. Almost all the 

salient positive elements for this group were mathematics topics. These 

elements covered a wide range from basic mathematics to calculus. The only 

topics mentioned more than once were "basic maths" (n = 2) and "statistics" 

(n = 3). 

These elements were viewed positively for a range of reasons (constructs). 

The most frequent salient constructs were that these topics were considered to 

be "enjoyable" (n = 7) and "easy" (n = 6). "Can understand" was a central 

construct for four subjects. Males with positive mathematics attitudes were 

less likely than females with positive attitudes to differentiate among positive 

mathematics elements on the basis of enjoyment, 46.6% and 72.7%, 

respectively. "Easy" was used as a salient construct by similar proportions of 

each of the four groups; between 36.4% and 46.7%. Being able to understand 

was an important construct for 26.7% of the present group, although only 

9.1 % of females with positive mathematics attitudes used this construct. 

"Can do" was a central construct for only 13.3% of males with positive 

attitudes and 18.2% of the corresponding female groups. For males and 

females with negative mathematics attitudes, "can do" was a central construct 

for 45.5% and 40%, respectively. An element's relevance or utility was 

important for only one of the subjects in the present group (6.7%), compared 



245 

with 45.5% of males with negative mathematics attitudes. Unlike the females 

with positive attitudes, subjects in the present group did not identify their 

positive elements with constructs such as "challenging" or "satisfying". 

For the group of males with positive mathematics attitudes, elements with 

high negative loadings ranged from Third Form mathematics to Sixth Form 

applied mathematics. Complex methods, textbook examples and long 

formulas were also problematic. Calculus, mathematics examinations and 

probability were each important elements for two subjects. As in the case of 

the other three groups, mathematics tests and examination were not often 

salient elements. Examinations were salient on the first component for two 

members of the present group and were associated with the construct of 

"worry" in one case and "pressure" in the other. Examinations were also 

salient for two other subjects on the second factor because of "time pressure" 

and "major consequences". 

The most frequent salient construct associated with negative elements for the 

present group of subjects was "do not like" or "do not enjoy" (n = 6). This was 

also the most frequent central construct for other groups of subjects. That the 

elements were "boring" was important for four males with positive 

mathematics attitudes. The only other instance of "boring" as a salient 

construct was one subject in the group of females with negative mathematics 

attitudes. Other central constructs for the present group included "irrelevant" 

(n = 3), "hard" (n = 3) and "can not understand" (n = 3). Worry, tension and 

feelings of stress about mathematics are not entirely absent from this group 

although each of these was a salient construct for only one subject. "Can not 

do" was a central construct for between two and five subjects in the other 

three groups but was not a salient construct for any member of the present 

group. 
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7.2.4.7. Summary of Salient Elements and Constructs for Four Groups of 

Subjects. 

From the analyses of the mathematics grids presented in the preceding 

sections it is possible to develop a general outline of the important elements 

and constructs for each of the four groups. This information is presented in 

summary form in Table 39. 

Table 39. 

Salient Elements and Constructs for the Four Groups of Subjects in Study 1. 

Na~t~ve Mathematics Attitudes (Females) 

positive elements 

basic mathematics 

practical application~ 

positive constructs 

easy 

enjoy 

do well 

negative elements 

abstract mathematics 

algebra 

calculus 

negative constructs 

dislike 

do not do well 

hard 

do not understand 

worries me 

l/'."~ Mathematics Attitudes (Females) 

positive elements 

wide range mathematics topics (not basic 

mathematics) 

positive constructs 

enjoy 

easy 

challenging 

satisfying 

negative elements 

wide range mathematics topics 

negative constructs 

do not enjoy 



Table 39 (contd'> 

~O'J!i1t'ic'Ve mathematics attitudes (males) 

positive elements 

basic mathematics 

practical applications 

positive constructs 

cando 

easy 

relevant 

enjoy 

negative elements 

wide range mathematics topics 

negative constructs 

do not enjoy 

hard 

irrelevant 

gel_~v~ mathematics attitudes (males) 

positive elements 

wide range mathematics topics 

positive constructs 

enjoy 

easy 

negative elements 

wide range mathematics topics/classes 

negative constructs 

do not enjoy 

boring 

irrelevant 

hard 

can not understand 

1) Females with negative mathematics attitudes. 
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These subjects have positive feelings about basic mathematics or practical 

applications, which are seen by the members of that group as easy, enjoyable 

and able to be done well. Negative feelings are likely to be aroused by abstract 

mathematics, algebra or calculus. These elements are disliked, not done well 

and are found to be hard, not understood and worrying. 

2) Females with positive mathematics attitudes. 

Members of this group have positive feelings about a wide range of 

mathematics topics, invariably something other than basic mathematics. 
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These elements are seen as being enjoyable and easy and may associated 

with feelings of challenge or satisfaction. Negative elements from basic 

mathematics to calculus were distinguished by being unenjoyable. The 

difficulty of the element was not a salient construct for this group, and 

neither were worry and 

3) Males with negative mathematics attitudes. 

These students have positive feelings about basic mathematics and practical 

applications of the subject. The important distinguishing characteristics were 

that students felt able to do these things and that these topics were easy, 

relevant and enjoyable The disliked elements covered a range of 

mathematics topics but did not include abstract mathematics (c.f. negative 

females). These elements were seen as being unenjoyable and were also 

likely to be viewed as difficult and pointless or irrelevant. Worry was not a 

salient construct for this group (c.f. negative females). 

4) Males with positive mathematics attitudes. 

A wide range of mathematics topics from basic mathematics to calculus were 

the positive elements for this group, most often because these topics were 

seen as being enjoyable and easy. Ability was seldom a relevant construct and 

neither was the utility or practicality of the element. Disliked elements 

ranged from simple to complex topics and from Third Form to Sixth Form 

classes. These elements were seen as being unenjoyable and, by some, as 

boring, irrelevant, hard and unable to be understood. 

7.3 

M.LIl ...... & ...... .J of Levels of 

The mathematics anxiety scores for all and all females in the present 

study, reported in Table 37, are not significantly different from those obtained 
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from other first year psychology students (Tables 6 & 15). However, as would 

be expected, subjects in Study 4 who had negative attitudes to mathematics 

obtained significantly higher RMARS scores than those who said they felt 

positive about mathematics. As reported in Studies 1 and 2, more anxiety is 

aroused by evaluative mathematics situations than by working with numbers 

or attending mathematics classes. Gender differences are apparent in Table 37 

with females indicating significantly more anxiety on both subscales of the 

RMARS than did males. These results are different from those obtained in 

Study 2, where significant gender differences were obtained only on the 

Evaluation Anxiety subscale. The sample for this study consisted of 

volunteers and it is possible that females who had very negative feeling about 

mathematics would be more prepared to offer to discuss their feelings with a 

female researcher than would males. 

7.3.2. Discussion of Grid Analyses. 

7.3.2.1. Discussion of Grid Factors. 

For all the subjects in the present study, a high proportion of the total 

variance was accounted for by one major factor. Ryle & Breen (1972) have 

suggested that a grid with high loadings on only one factor is suggestive of an 

inflexible and uni-dimensional view. It might be expected that groups with 

negative mathematics attitudes would have more inflexible and simple 

views of mathematics. The highest proportion of the total variance 

accounted for by Factor I is for the group of females with negative 

mathematics attitudes. Contrary to expectations, Factor I accounts for a 

greater proportion of the total variance for females with positive 

mathematics attitudes than for males with negative attitudes to mathematics. 
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These differences are not significant and if high loadings on only one factor 

do reflect inflexible, unidimensional views of mathematics then such views 

are not the exclusive domain of those with negative attitudes to the subject. 

The assumption that a simple cognitive structure is a measure of inflexibility 

of attitude may be false and has been criticised by Chetwynd, in Slater (1977). 

7.3.2.2. Discussion of Grid Elements. 

One of the benefits of the grid method is that it illuminates both the positive 

and negative aspects of a subject's perceptions of mathematics. Data from the 

present study show that even those subjects with the strongest negative 

attitudes towards mathematics can name some areas of mathematics that they 

do not dislike or even, in some cases, enjoy. These topics tend to be basic 

mathematics or mathematics with some sort of practical application such as 

statistics, graphing, accounting or balancing a chequebook. These findings 

support Lazarus' (1974) assertion that many people who are phobic about 

mathematics are comfortable with some aspect of the subject. 

What do the most salient elements elicited from the subjects in this study tell 

us? First, it seems that there are some generally unpopular mathematics 

topics such as abstract mathematics, algebra and calculus. Some particular 

aspects of mathematics classes were also not enjoyed such as doing examples 

from textbooks, mathematics tutorials, giving answers in class and, 

occasionally, mathematics examinations. Particular years of mathematics 

instruction are frequently given as elements and indicate negative feelings 

towards a wide range of classes from 3rd Form through to University. The 

constructs associated with these classes appear to have more to do with the 

nature of the mathematics taught in that year than with characteristics or 
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teaching style of the mathematics teacher. grid also tells us something 

about mathematics topics, situations and classes that evoke positive reactions. 

Forms 2 to 6 were given as positive elements, with the 5th Form being 

particularly popular. Basic mathematics, practical applications of 

mathematics, graphing, statistics 

which were viewed favourably. 

geometry were mathematics topics 

to be contradictory that certain 

mathematics classes and topics are viewed both positively and negatively. 

The grid, in examining individual reactions to mathematical situations, 

shows that the same element may be evaluated positively by one subject and 

negatively by another. 

Among the elicited elements which referred to activities in the classroom 

were, "starting a new chapter in a mathematics text", "listening to a lecture in 

a mathematics class" and "working on homework assignments ". The 

subjects gave many elements which involved classroom and/or teacher 

activities, such as "the teacher starting a new topic" and "working on 

examples from the textbook", H these elements are examined, an outline of 

mathematics classes emerges which parallels Stodolsky's (1985) description of 

mathematics instruction as consisting exclusively of teacher explanation 

followed by student practice or, more graphically "chalk and talk" (Binns, 

Carpenter, Elliffe, Irving & McBride, 1987, p. 131). This, in turn, suggests that 

the way mathematics is taught may contribute to negative attitudes towards 

the subject (Shodahl & Diers, 1984; Stodolsky, 1985). 

However, the information from the grids does not really support this claim. 

Although classroom and teacher elements are part of what mathematics 

means to a subject, they may not be the aspects about which students feel 

most intensely. Subsequent analyses showed that not many of these class 

activities were among the elements which were most important for the 
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subjects in the present study. From all four subject groups there were only 

ten examples of this type of element among more than two hundred salient 

elements. Of these ten, eight were elements about which subjects had 

negative feelings. These included, "asking questions in class", "watching the 

teacher work examples", "homework", "assignments" and "textbook 

exercises" . 

Closer examination of the elements might throw some light on Walker's 

(1981) contention that students' attitudes to mathematics start to change 

during the transition from arithmetic work to algebra. Kogelman & Warren 

(1978) maintained that negative experiences with mathematics occurs most 

frequently between Grades 7 and 10. It is not easy to gain support for these 

assertions from the present grid data because, where particular years of 

mathematics or mathematics classes are mentioned, there is a wide range and 

no clear pattern. Disliked mathematics classes are not necessarily the later 

years of high school. In the present study, one male with positive 

mathematics attitudes hated his Form 3 year. In addition, four of the females 

with negative attitudes mentioned Form 5 as a favoured mathematics class, 

by which time they were doing algebra. Authors such as Walker (1981) and 

Kogelrnan and Warren (1978) imply that one bad year of mathematics affects 

all subsequent years of mathematics tuition. While this may be true in a 

number of cases, and comments made by subjects during the elicitation of the 

mathematics grids support this, it is not an invariable consequence, as 

evidenced by the case of the male subject who managed to regain a positive 

attitude to mathematics in spite of an unhappy year in Form 3. 

The results of the present study indicate that negative experiences with 

mathematics may occur at any time, although possibly later in high school 

than earlier. If, rather than looking at mathematics classes, we look at types of 
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mathematics, the unpopularity of algebra does tend to support Walker's 

(1981) claim that mathematics attitudes may change when students are 

introduced to this topic. The results of the present study show a fairly wide

spread dislike for many of the more complex or abstract types of mathematics, 

including algebra and calculus. Quilter & Harper (1988) found that 11 of the 

15 subjects in their study experienced their first real difficulties in 

mathematics with algebra. They also reported that geometry was one 

mathematics topic many of their subjects did not dislike. The results from 

the grid analyses and Quilter and Harper's findings are supported by the 

levels of anxiety reported for different types of mathematics contained in the 

results from Studies 2 and 3. 

7.3.2.3. Discussion of Grid Constructs. 

The constructs that students use to differentiate between the elements in their 

mathematics grids are many and varied. Many of the most salient constructs 

involved some sort of emotional response to the mathematics elements, such 

as enjoyment or liking and a lack of worry. For negative elements, opposite 

poles of these two constructs were used. Other censtructs with emotional 

content included boring, confusing, challenging, satisfying. Elements were 

also differentiated on what Chapman (1974, in Thomas & Harri-Augstein, 

1985) classed as intellectual constructs, such as "easy", "abstract", "complex" 

and "relevant". Another category of constructs obtained in the present grid 

study included subjects' perceptions of their ability to do and/or understand 

the elements. Occasionally, constructs that could be classed as behavioural 

descriptors were used, such as 'avoid " 'give up , or 'try harder '. 
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Chapman, 1974, (in Thomas & Harri-Augstein, 1985) asked 100 first year 

mathematics students at a college of education to write down one word which 

typified their reaction to mathematics. Although it is difficult to compare the 

results from the present study with Chapman's data, some comments are in 

order. About 25% of the constructs in the Chapman study are identical to the 

salient constructs generated by subjects in the present study and many of the 

others can be interpreted as having similar meaning to salient grid constructs. 

The more complex structure uncovered by the full grid yields a wider range of 

construct categories, including emotional, intellectual (or cognitive), ability 

and behavioural categories. In Chapman's case the emotional constructs 

predominate but subjects in the present study gave equal numbers of 

intellectual/ cognitive and emotional constructs (36%), with 23% of the salient 

constructs falling into the ability category. Behavioural constructs were much 

less frequent, comprising only 6% of the total number of salient constructs. 

Chapman's study paints a depressing picture of students' views of 

mathematics, with 54% of the constructs being negative emotional responses. 

The grid provides a more balanced picture by obtaining both poles of a 

construct and by allowing the interested researcher to find some elements of 

mathematics to which a subject responds positively, which is an encouraging 

discovery for both researcher and subject. 

Cope (1988) asked 261 first year university students to list at least 15 words 

which came to mind when they thought about mathematics or the study of 

mathematics. He divided these descriptors into five categories; mathematics 

words, positive comments, negative comments, fear words and a residual 

category. From the examples given by Cope, it appears that the category of 

mathematics words is likely to contain words that would appear as elements 

in a grid, for example 'addition' and 'algebra'. The other categories of 

descriptors yield words which are almost identical to the constructs given by 



255 

the grid subjects in the present study.. The most frequently occurring 

descriptors reported by Cope (1988) include many of the salient constructs 

used by my grid subjects, induding "hard", "boring", "enjoyable", "complex" 

and "challenging". The most frequently occuring response in his study was 

that of "hard/difficult" given by 30.3% of his total sample. 

Cope (1988) divided his subjects into anxious and non-anxious groups on the 

basis of whether or not each subject agreed that a description of mathematics 

anxiety correctly described his/her feelings. Of the anxious group 34.5% gave 

the word "hard/difficult" while only 22.6% of the non-anxious group did so. 

Similar results were obtained in the present study. 40.4% of the male and 

female subjects with negative mathematics attitudes used "hard/easy" as a 

salient construct with only 28.8% of the group with positive attitudes using 

this same construct. However, there are major differences between Cope's 

research and the present study. "Boring" is a word given by both anxious and 

non-anxious groups, 17% and 8% respectively (Cope, 1988), but in the grid 

analyses it is a salient construct for only 26.7% of the males with positive 

mathematics attitudes. Another contrast is the high proportion of grid 

subjects using "like" or "enjoy" as a salient construct; 55.8% for subjects with 

negative attitudes and 53.8% for subjects with positive attitudes to 

mathematics. In Cope's (1988) study only 12% of the anxious students and 

10% of the non-anxious students used these verbs. 

There are serious limitations to Cope's (1988) study. The method that is used 

yields a mixture of mathematics topics, situations and descriptors which, in a 

grid study, are divided into elements and constructs. There is no way of 

assessing which are the most important topics and descriptors and nor can the 

relationship between topics and descriptors be explored. The size of the 

residual category, which comprised 45.4% of the total number of descriptors, 
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also gives cause for concern. These reservations aside, Cope is probably 

correct in his conclusion that free-response open-ended word lists allow 

subjects to express themselves more accurately than the more common scales 

with predetermined questions and responses. He suggests that teachers might 

find word lists useful for investigating mathematics anxiety. Grid techniques 

have similar advantages to the word lists used by Cope (1988) and, at the same 

time, overcome the limitations mentioned above. 

Quilter and Harper (1988) noted that the lack of relevance of the mathematics 

being studied was the single most important contributor to negative 

mathematics attitudes for five males and one female from their sample of 

fifteen graduates. This construct was also of particular importance for male 

grid subjects with negative mathematics attitudes. For 36.4% of this group, 

the lack of relevance was a salient construct for disliked elements. Relevance 

was an important characteristic of liked elements for 45.5% of this same 

group. Althought relevance was a less important construct for members of 

other groups, it was still a distinguishing characteristic of disliked elements 

for between 20% and 27.3% of the subjects in the remaining three groups. 

7.3.3. Links between Repertory Grid Results and Other Research. 

Of those subjects in the present study who have negative attitudes towards 

mathematics, anxious or emotional reactions (constructs) to mathematics 

(elements) are confined to the female group. This finding from the analyses 

of grids is reflected in the significantly higher levels of Learning Mathematics 

Anxiety for this group. Behavioural descriptors such as "avoid" are also 

included among the constructs which females with negative mathematics 

attitudes use to define disliked mathematics elements. Behavioural or 
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emotional constructs are very seldom used by any of the other three subject 

groups. Even the group of males with negative mathematics attitudes were 

not, in most instances, anxious about the subject. 

Factor analyses of the RMARS have found the evaluation of mathematics to 

be a separate factor from learning and/or doing mathematics (Plake & Parker, 

1982; Lange, 1992). These findings are supported by the results of the present 

study. The major component of the grids included elements which were 

similar to the items which comprise the Learning Mathematics Anxiety 

subscale of the RMARS. Mathematics tests and examinations, when they 

were salient elements for grid subjects, usually had the highest loadings on a 

separate component. In these cases, worry and anxiety were constructs which 

were seldom associated with mathematics tests and examinations. Rather, 

these elements were seen as contributing to the end-of-year grade, having to 

be done in a limited time and having major consequences. 

Results from the grid analyses indicate that females with negative 

mathematics attitudes are more likely than are other subjects to define 

elements in terms of whether, or not, they can do or understand them. This 

findingcis supported by the cognitive assessments in Studies 2 and 3, which 

found that mathematics anxious females reported more self referent negative 

thoughts than did other subjects. The grid results suggest that a concern 

about lack of ability is important for females with negative mathematics 

attitudes. It may be that such students have lower feelings of mathematics 

self-efficacy (Bandura, 1982) than either females with positive attitudes or 

male subjects. It may also be an example of females blaming their lack of 

success in mathematics on stable internal causes (Deaux, 1976). Contrary to 

attribution theory, females with positive mathematics attitudes in the present 
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study seldom used constructs which referred to stable internal causes such as 

ability. 

7.4. 

The data from the "",p,,",""", ... study show that there are differences in the way 

different groups of student volunteers view mathematics. Of particular 

interest is the finding that females with negative attitudes show evidence of 

greater anxiety and take more negative views of their ability than do the other 

student groups. However, as interesting as these analyses of groups of grids 

may be, the strength of the Repertory Grid Technique is as a tool for the 

assessment of an individual's interpretation of the subject mathematics. 

Unlike standardised questionnaires such as the Mathematics Anxiety Rating 

scale, which asks questions about one particular type of mathematics, the 

Repertory Grid Technique allows each person to include as elements only 

those mathematics situations and topics which are most important to him or 

her. An elicited Repertory Grid also allows a subject complete freedom to 

indicate the essential constructs which they use to differentiate the elements 

in theirgrid, unlike a standardised rating scale such as the MARS, which asks 

only about a person's level of anxiety. The picture of any particular student's 

attitudes towards mathematics which is obtained by using the Repertory Grid 

method is an interesting and complex one. Given each subject's ability to 

include those mathematics elements and constructs which are most relevant, 

an elicited grid is likely to present a more accurate and detailed representation 

of their attitudes to mathematics than an instrument which focusses on 

predetermined, and possibly irrelevant, situations and attitudes. The 

information which can be obtained from a Repertory Grid analysis of 

mathematics attitudes will provide an individualised picture for each 
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student. With this knowledge it might be possible to improve a student's 

mathematics attitude. In addition, the insights which can be obtained from 

Repertory Grids could be used to help teachers improve the quality of their 

decisions about teaching mathematics (Reyes in Linquist, 1980). 

The Repertory Grid appears to be a potentially useful tool for assessing 

students' attitudes to mathematics. As the grid can be used even with young 

children (Edwards, 1988; Phillips, 1985), it is likely that the technique would be 

as applicable to high school students as it has been shown to be for the 

university students in the present study. The major limitation of the grid 

used in Study 4 is that it was time-consuming to elicit and to administer. The 

aim of Study 5 was devise a grid with provided elements and constructs 

which could be used to assess the mathematics attitudes of high school 

students within a short time and in a classroom or a group setting. 



Chapter 8. 
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In the previous study, Repertory Grid methods (Kelly, 1955) were used to 

investigate the attitudes towards mathematics of 52 first year university 

students. It was concluded that the pattern of elements and constructs that 

was peculiar to each student might be of great use to teachers and those 

wishing to improve students' mathematics attitudes. The Repertory Grid 

allows such people to identify liked and disliked mathematics topics and 

classroom activities and to clarify the reasons why particular students feel the 

way they do. Armed with such knowledge teachers might wish to try to 

increase the relevance or meaningfulness of some mathematics topics, place 

more (or less) emphasis on some part of the mathematics curriculum and 

change some aspects of the way in which they teach the subject. Study 4 

showed that anxiety is not always an important aspect of a person's negative 

attitudes towards mathematics. With the Repertory Grid Technique, 

counsellors would be able to identify whether a student's problem with 

mathematics included anxiety, avoidance behaviours, lack of motivation or 

perceptions of inability. Attempts to improve a student's attitude towards the 

subject could be tailored to their individual profile provided by the grid. 

Examination of an individual grid might suggest that a change to a more 

favourable attitude might be more likely to be achieved by changes in the 

classroom, such as making a topic more relevant or by increasing the 

student's skill in a particular mathematics topic. 

If a teacher is to make use of this information individual grids, such as those 

elicited in Study 4, have a serious limitation in that they are time-consuming 

to create. On average each mathematics grid in Study 4 took an hour and a 

half for the student to complete. Another drawback of eliciting individual 
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grids is that the interview needs to be carried out by someone with a 

considerable amount of Repertory Grid experience, which few teachers 

possess. These problems may be able to be overcome because, as the literature 

on Repertory Grid makes clear, grids are not always elicited in the manner of 

Study 4 (see Section 7.1.3.). Researchers frequently provide both elements 

and! or constructs, thus reducing or cutting out the lengthy elicitation part of 

the process. A mathematics grid with provided elements and constructs 

would be an instrument which could be completed in a short time by a class 

of students under the supervision of their teacher. 

If the elements of a grid are provided, rather than elicited, it is important that 

they give a representative coverage of the area of interest and that they are 

perceived as relevant by the subject(s). Provided constructs must also be 

meaningful. The important elements and constructs identified in Study 4 

form an example of a pool from which provided elements and constructs 

could be selected. The aim of the fifth study was to devise a mathematics grid 

suitable for group administration. In this grid, both the elements and 

constructs would be provided. Such a grid would be both easy and quick to 

administer. Mathematics grids with provided elements and constructs can 

not be as personal as individually elicited grids but might still be able to throw 

light on a wide range of students' attitudes to many different mathematics 

topics and situations. 

8.1. Method. 

8.1.1. Subjects. 

The grid was pilot-tested usmg ten volunteers who were intrductory 

psychology students at the University of Canterbury. Seven of the volunteers 

were female. 
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Group administration of the grid involved students in the top Form 5 

mathematics class at a large coeducational Christchurch high school. 

Thirteen subjects participated in the 

females and four were male. Their 

Instruments. 

Table 40: 

Nine of these subjects were 

was fifteen years. 

Constructs Selected From Study 4 for Use as Provided Constructs in Study 5. 

Construct Pair 

enjoy/dislike 

easy/hard 

can do / can not do 

relevant/ irrelevant 

understand/do not understand 

interes ting/boring 

does not worry me/worries me 

no pressure/pressure 

try harder/give up 

simple/ complex 

challenging/not challenging 

satisfying/ frustrating 

do not avoid/avoid 

confident/not confident 

straightforward/ confusing 

% of all 

constructs 

13.73 

8.33 

8.11 

7.66 

7.21 

4.73 

4.28 

3.82 

3.15 

2.48 

2.03 

1.80 

1.58 

1.13 

.90 

Total % 70.94 

% of salient 

constructs 

20.13 

9.57 

9.24 

7.59 

10.56 

4.95 

5.61 

1.98 

2.97 

2.97 

.66 

2.64 

2.31 

.99 

1.32 

83.49 

The most frequently elicited constructs from the mathematics grids in Study 4 

were by content analysis. A similar method was to obtain the 

most frequent constructs judged to be salient components 

analysis these grids. Most of the frequently '!;; ......... .I.L.:;;Y constructs were also 
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salient constructs. In some cases a construct was not elicited often but, when 

it was elicited was always a salient construct. For example, 

"straightforward/confusing" was only elicited four times but was a salient 

construct on each occasion. Conversely, "challenging/not challenging" was 

elicited from nine subjects but was a salient construct for only two people. 

Considering both frequently elicited and frequently salient constructs gave a 

final list of 15 constructs (see Table 40). These 15 constructs account for almost 

71 % of all the elicited constructs and over 83% of all the salient constructs in 

Study 4. While this list includes all of the most common and most important 

constructs, it is also a manageable number for use in a grid where both the 

elements and constructs are provided for the subject. 

A similar procedure was carried out in order to obtain the most 

representative elements from the Study 4 grids. Many of the subjects in Study 

4 gave mathematics tests (27/52 of the subjects, Le. 52%) or examinations 

(38/52 of the subjects, Le. 73%) as elements, although they were not often 

among the most salient elements. However, as so many subjects considered 

tests and exams to be distinguishing characteristics of mathematics, they were 

included as elements. Many of the salient elements in Study 4 were types of 

mathematics. Because students' attitudes to different types of mathematics 

were so idiosyncratic it was not practicable to provide lists of types of 

mathematics as elements. Instead the elements in the present grid were 

provided and students were asked to write in the names of the two types of 

mathematics they liked most and the two they liked least. Students were also 

asked to name the two mathematics activities they liked least and the two 

they liked most. Given that so many (36/52 of the subjects, Le. 69%) students 

in Study 4 mentioned enjoyable and disliked classes or years of mathematics, 

students in the present study were asked to include these as two further 

elements. These partially provided elements allowed each student to choose 
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what was most important to him/her within the boundaries of the element 

description. 

The final grid (see Appendix D) consisted of twelve elements, with 

three additional spaces for any extra elements subjects might wish to add, and 

provided constructs with both the positive poles given. 

Instructions on the top of the first page of the grid asked students to read the 

element descriptions on the right hand side of the page (for example 'the type 

of mathematics you like least') and to write what that suggested to them in 

the numbered box on the left. They were also told that they could use the 

extra spaces at the bottom of the page for any other particularly enjoyable or 

disliked mathematics activities or situations they wished to include. Students 

were asked not to use the same activity or situation more than once. The 

slightly altered version of the used in Study 3, was also 

adminis teredo 

The complete grid was pilot-tested with the ten first-year psychology students. 

Each person was given a copy of the grid and was asked to complete it in his 

or her own time. They were also asked to note how long the grid took to 

complete and any difficulties they had with the task. No student reported 

having problems completing the grid. It was found that the instructions were 

sufficiently detailed and clear enough to enable the grid to be completed 

without difficulty. Subjects' estimates of the time taken to complete the task 

ranged from 15 to 30 minutes. 

8.1.3. 

The grid was completed by the 13 high school students (nine female and four 

male) during a class period at the beginning of the second term. The 
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first ten minutes of the class was spent with the teacher reviewing the results 

of a recent test. Subjects were then asked to participate in the development 

and testing of a new instrument for measuring attitudes towards 

mathematics. The instructions on the first page of the grid were read to the 

students and they were encouraged to ask questions or ask for individual 

assistance. It was stressed that as the experimenter's interest was in the 

subjects' own attitudes and opinions, they should not discuss the completion 

of their grids with any other student. Students completed their grids at their 

own speed and then the RMARS. 

8.2. Results. 

8.2.1. Content Analysis of Grid Elements. 

Each student gave two mathematics topics or types of mathematics that they 

liked. From a content analysis of these elements, it was found that graphing 

was the most popular for the male subjects (n = 4). Algebra, calculator work, 

percentages and solving problems were also liked. For the nine female 

subjects/both algebra and equations were enjoyed byfour subjects. Fractions, 

percentages and statistical graphs were each mentioned twice and the other 

liked types of mathematics were areas, word problems, geometry and using a 

calcula tor. 

Disliked types of mathematics for males were algebra (n = 3), equations, 

straight lines, pythagoras, percentages and probabilities. Females did not like 

geometry (n = 3) or fractions (n = 3). Graphing was also unpopular with two 

female subjects, as were the related topics of number lines or straight-line 

graphs (n = 2) and bar graphs. Percentages and trigonometry were disliked by 
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two female subjects and metrics, significant figures and working with a 

calculator each were mentioned once. 

When male students in the present study were asked to provide a year or 

class of mathematics that they like or had liked best, their current year of 

mathematics (5th Form) was mentioned by two of the subjects, while Form 3 

and Standard 4 were also liked. of the female students favoured the 

5th Form and three the 4th Form, with one student liking both 4th and 5th 

Forms equally. The two other mathematics classes were Form 1 and 

Form 3. Disliked mathematics classes for male students were Form 3 (n = 2) 

and Standard 4 and Form 2. Form 3 was the disliked class most frequently 

mentioned by female students (n ::::: 3). Forms 1 and 4 and Standard 4 were 

equally unpopular, each being mentioned twice. 

The final categories of elements were those which involved liked and 

disliked activities associated with mathematics classes. Each student was 

asked to give two examples of disliked activities and two of liked activities. 

Only two female students were unable to do this, one being unable to think of 

a second liked activity and the other being unable to provide a second disliked 

activity. Two of the female subjects gave an additional liked activity in one 

of the blank spaces provided at the bottom of the grid. 

Cantamath, an annual mathematics competition open to pupils from 

secondary schools, and working with a calculator were each liked by two of 

the male subjects. Other liked activities were mathematics games, group 

work, doing exercises from the textbook and working on challenging 

questions. Disliked activities for this group were more diverse, with eight 

different activities mentioned. These activities were equally divided between 

disliked activities performed by the teacher and those performed by the 
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teacher, the teacher introducing a new topic 

something clearly or talking about things that 
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u,.u ........ ..::,u, listening to the 

......... , ........ ,,,.. not explaining 

nothing to with 

mathematics. Activities which male subjects did not like were having to 

work non-stop (n ::::: 2), not being allowed to talk and having lots of 

homework. 

Five of the female students said that doing Cantamath was something they 

particularly liked. Working in groups and discussing problems with others 

were also liked by four of the female students. Other liked activities were 

working or solving problems or equations (n 3), doing challenging work, 

mathematics puzzles, working with a computer, listening to the teacher 

explaining and giving examples and not having any homework over the 

weekend. The majority of disliked activities listed by the female students 

involved things that they did, rather than things done by the teacher. 

Writing in their rule book, homework and assignments were each disliked by 

two students. Homework checks, Cantamath, having to work out answers 

quickly or do problems out loud and problems that could not be worked out 

straight away were also disliked as were revision tests from the back of the 

textbook, repetitious exercises and "simple stuff". Only three of the disliked 

activities from the female students involved the teacher. These activities 

were when the teacher did not make her I himself understood, the teacher 

telling the answer before the student had finished and lack of discipline in the 

classroom (which prevented the student from getting on with her work). 

8.2.2. t'T1J[1ClPa! the Grids. 

From a principal components analysis of the completed grids, it was found 

that the first two components accounted for between 68.52 and 90.95% of the 
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total variance. Factor I accounted for between 58.64% and 80.11%, 65.48, 

of the variance for males and 36.52 to 80.14%, M = 60.82, for females. 

accounted for between 9.74 and 21.3, M := 16.01, of the total for 

and 10.3 to 32.04%, M ::: 20.35, for females. These gender differences are not 

significant. In the case of only one female student did the variance accounted 

by Factor II exceed 10% (12.61 %). In all cases a two factor solution was 

considered to be an adequate summary of the relationship between elements 

and constructs. 

The most salient positive elements for the four male respondents were 

calculator work (n ::: 3), bar graphs (n =: 2), solving problems, mathematics 

games, and Standard 4 and 3rd Form mathematics classes. The reasons 

(salient constructs) that these were liked were that they were easy (n = 3), 

enjoyable (n := 3), students felt confident(n 2), found the topic interesting 

(n ::: 2) and were relaxed (n = 2). Other constructs, each of which was salient 

for one male subject, were "relevant", "understand", "can do" and "don't 

avoid ". Salient negative elements for this group were"working for a long 

time" (n = 2), "algebra", "lots of homework", "new topics", "listening to the 

teacher" and "Form 2 mathematics". The most important reasons 

(constructs) why these topics and situations were disliked were because they 

were seen as hard (n = 3), complex (n 2) and boring (n == 2). They were also 

disliked because they were challenging, frustrating, confusing, not useful or 

because the student was not confident, did not understand or could not do the 

task. For one of the male students, elements were disliked because they were 

not a challenge. 

For males in the study mathematics tests and examinations were 

salient elements only on Factor Mathematics examinations were salient 

elements for of the four male students and mathematics tests for two of 



269 

the four. Generally tests and examinations were seen positively, being 

strongly associated with constructs such as "relevant" (n::::: 2), "work hard" 

(n::::: 2), "understand" , "challenging" and "pressure". 

If the grid results for males are combined into an average male grid (see 

Figure 4), the most salient positive elements were the best liked mathematics 

topic and best liked mathematics activity. The reasons that these elements 

were liked being "can do", "confident" and "enjoy". The most salient disliked 

element was a disliked class, which was associated with being hard, complex, 

challenging and eliciting feelings of tension. 

Examination of the four male subjects' grids shows that there are major 

differences among these individual grids. Any attempt to understand the 

way in which an individual perceives mathematics would need to use the 

information yielded by his individual grid. An example from one male 

subject is shown in Figure 4. For this male student, working with a calculator 

and solving problems were seen as both enjoyable and easy. Mathematics 

games and Standard 4 mathematics were also viewed positively, with the 

student feeling confident and relaxed. Negative elements for this subject 

were having to work for 50 minutes without a break ("continuous work"), 

which was hard, complex, frustrating and boring, and Form 2 mathematics, 

about which the student felt tense and not confident. Mathematics tests and 

examinations were associated with quite different constructs from most other 

elements. Mathematics examinations involved pressure and working hard 

and were seen as relevant. Mathematics tests were also considered to be 

relevant and were able to be understood. 
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Salient liked elements from the nine female students included equations 

(n = 6), algebra (n == 3), fractions (n = 2) and 4th Form mathematics (n :::: 2). 

Other salient liked elements were mathematics puzzles, area, statistics graphs, 

percentages, Cantamath, computer and group work, hard mathematics and 

working problems. The salient constructs associated with these elements 

were "enjoy" (n 5), "satisfying" (n:::: 5) and "don't avoid" (n::: 4). Each of 

the following constructs was salient for two female subjects; "interesting", 

"clear", "understand", "simple" and "confident". Other reasons for liking 

these elements were that they were relevant, there was no pressure, the 

student was able to do the task and fel t relaxed. 

Salient negative elements included graphs, number lines, trigonometry, 

geometry, simple mathematics and Standard 4 mathematics. Other disliked 

elements involved aspects of the mathematics classroom, such as homework 

checks, repetitious examples, writing in the rulebook, the student working 

questions in his or her head or out loud, not being able to understand the 

teacher, the teacher telling the studen t the answer before he or she had time 

to work it out and a lack of discipline in the classroom which interfered with 

the students' concentration. The main reasons that these elements were 

viewed negatively were because they were seen as "boring" (n 4), "not 

challenging" (n = 2), "frustrating" (n 2), "not useful" and "complex n. 

Subjects also defined these elements in terms of avoidance (n 4), not 

working hard (n = 3), not understanding (n = 2), having feelings of tension 

(n ::: 2) and pressure, and lacking both confidence and ability. 

For six of the nine female students, tests and examinations were salient 

elements on a different factor from most other salient elements. Generally, 

mathematics tests and examinations were viewed negatively with the salient 

constructs associated with them being "pressure" (n ::: 4), "tension" (n :::: 3), 
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"not confident" (n:= 2), "confusing" and "can not do". In two cases, the 

constructs used by subjects were positive and included "interesting" (n :::: 2), 

"challenging" (n ::;;: 2) and "relevant". 

Data from the female students were combined into an average female grid. 

Liked aspects of mathematics classes and liked mathematics topics were all 

salient elements. Liked topics were most closely associated with the 

constructs "confident", "understand", "easy" and "clear". Liked activities 

were also seen as enjoyable, easy, satisfying, interesting and able to be done by 

the student. The most salient negative elements were disliked mathematics 

activities. These activities were associated with the constructs "avoid" , "do 

not enjoy", "frustrating", "do not understand" and "confusing". Mathematics 

tests and examinations were salient elements on a second factor and were 

associated with feelings of pressure and tension. 

An average grid obscures important differences among subjects. The detail 

which can be obtained from examining an individual grid can be seen in 

Figure 5. For this female student Form 4 mathematics, algebra and area were 

salient positive elements on the first factor. They were associated with the 

constructs "interesting" , "satisfying" , "understand"and "enjoy". Negative 

elements for this student included doing lots of repetitive questions and 

having the teacher tell her the answer before she could work it out ("teacher 

tells answer"). These elements were associated with not being challenging 

and not working hard. Mathematics tests and examinations were salient 

elements on the second factor and were related to the constructs "tense", 

"pressure", "confusing" and "not confident". 
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8.2.3. Levels of Mathematics Anxiety. 

Results obtained from RMARS show that the male students in the present 

study reported greater levels of mathematics anxiety than did females (see 

Table 39). Males' scores on the Learning Mathematics Anxiety subscale 

ranged from 32 to 48 and those for females from 17 to 39. The mean anxiety 

ratings on this subscale of the RMARS were M ::::: 40.75, SD ::::: 7.97, for males 

and M = 24.67, SD ::::: 7.09, for females, 1(11) = 3.65, 12. :S;;.01. Scores on the 

Evaluation Anxiety Subscale ranged from 28 to 31 for males and from 16 to 30 

for females. Mean Evaluation Anxiety scores for males were M :::: 29.75, 

SD :::: 1.26, and for females M = 23.78, SD = 4.76, 1(11) = 2.42, J2. :s;; .05. The total 

RMARS score for males was M :::: 70.5, SD :::: 7.23, and for females M :::: 48.44, 

SD:::: 10.83.1(11) :::: 3.68, J2.:S;; .01. 

Table 41. Levels of Mathematics Anxiety (RMARS) Reported by Subjects in Study 5. 

Males 

Females 

Possible range 

Learning Math Anxiety Evaluation Anxiety 

40.75 

24.67 

16 - 80 

29.75 

23.78 

8-40 

Total RMARS 

70.50 

48.44 

24 -120 

Mean item scores on the Learning Mathematics Anxiety subscale were 

M = 2.55 for males, between "a little" and"a fair amount" of anxiety, and 

M = 1.54 for females, between "not at all" and"a little" anxious. For the 

Mathematics Evaluation Anxiety subscale, males reported between "a fair 
amount" and "much" anxiety, M :::: 3.72, while females reported almost "a 
fair amount" of anxiety, M = 2.97. 



Discussion of Levels 

The total RMARS scores in Table 

287.88 for males and 197.80 

for different groups of 
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convert to equivalent MARS(98) scores 

Mean mathematics anxiety scores 

high school students (see Table 2) range 

from 197.60 to 206.45. Mathematics anxiety scores for the female students in 

the present study fall at the lower end of this range while the present small 

sample of male high school students have much higher levels of 

mathematics anxiety than their American counterparts. Males in the present 

study also have higher mathematics anxiety scores (RMARS) than the 5th 

Form males in Study 3, 70.50 compared with 53.04, 1(104) :::: 4.53, S:.001. 

Females in the present study have lower mathematics anxiety scores 

(RMARS) than the 5th Form females in Study 3, 48.44 and. 60.69 respectively, 

1(91) = 3.03, l2. S:.001. These results should be treated cautiously because of the 

differences in sample size between Studies 3 and 5. It does appear that the 

present sample consists of four males with moderately high levels of 

mathematics anxiety and nine females with low levels of mathematics 

anxiety. Obviously, such a sample is not representative of all New Zealand 

5th Form mathematics classes. 

Analyses. 

8.3.2.1. UiSiCU!;sloin 

In the present study a high proportion of the total was accounted for 

by the two major factors. This is similar to the grid analyses Study 4 which 
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concluded that there were no differences among the four subject groups in 

the amount of variance for by each of two main factors. 

Similar results were obtained in the present study with no evidence that the 

moderately mathematics anxious males have a more inflexible and 

unidimensional view (Le. higher proportions of variance accounted for by 

one factor) than 

Breen, 1972). 

8.3.2.2. Discussion 

mathematics anxious female classmates (Ryle & 

Grid elements about which males in the present study have positive feelings 

are the more simple types of mathematics and practical applications such as 

working with a calculator, bar graphs and 3rd Form mathematics classes. 

These types of elements were also salient for the group of males in Study 4 

who had negative mathematics attitudes (see section 7.2.4.7.). Salient positive 

elements for females in the present study were predominantly more difficult 

types of mathematics such as algebra and equations. This finding is similar to 

that from the females in Study 4 who had positive mathematics attitudes. 

The RMARS scores for the females in the present study indicate that it is 

reasonable to treat this group as having positive mathematics attitudes. 

Research by Brush (1980), Quilter and Harper (1988) and Walker (1981), 

suggests that students' attitudes to mathematics become less positive as they 

progress through high school. This is not supported by the data from Study 3 

or from the grid analyses in Studies 4 and Disliked classes in the present 

study included Standard 4 and Form 2 and liked classes ranged from Standard 

4 to There is no evidence that the students in Study 5 felt more 

negatively about 5th Form mathematics than about other mathematics 

classes. In fact, 5th Form mathematics classes were not a salient element, 
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either positive or negative, for either males or females. This may be because, 

at the time of data collection, the students had had only one term in Form 5 

and had not had time to form firm opinions about the class. 

The salient grid elements which were concerned with liked and disliked 

classroom activities included a few items which were very similar to RMARS 

items, such as "lots of homework" (c.f. item 17), and "listening to the teacher" 

(c.f. item 14). This suggests that some of the RMARS items may be 

appropriate for use with New Zealand high school pupils. On the other 

hand, the inclusion of elements such as "writing in the rulebook" and 

"Cantamath" indicates the importance of incorporating items with local 

content in any scale to assess mathematics attitudes. The wide variation in 

salient elements among individuals highlights the need for an instrument 

such as the grid, where students can include those aspects of mathematics 

which are most important to them. 

Mathematics tests and examinations were salient elements for most subjects 

but on the second, rather than the first, factor. This finding is expected given 

the factor analyses of the MARS and its derivatives by Rounds and Hendel 

(1980b), Plake and Parker (1982) and Lange (1992), alloof which have found that 

items referring to mathematics tests and examinations load most highly on a 

separate factor from those items which have to do with learning 

mathematics. The first grid study, Study 4, also found that mathematics tests 

and examinations were usually salient constructs on a second factor. The 

results from the present study suggest that mathematics tests and 

examinations have more positive associations for this group of male subjects 

("relevant", "work hard") than they do for the females ("pressure", 

"tension "). 
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of Constructs. 

Chapman (1974, in Thomas & Harri-Augstein, 1985) found that first 

university students used many more emotional constructs than intellectual 

constructs to describe their reactions to mathematics. In the present study, 

males used emotional (e.g. "enjoy", "relaxed") and intellectual (e.g. 

"hard ","complex" ) constructs with almost equal frequency to describe both 

positive and negative elements. This group also used a similar number of 

constructs which referred to their mathematics ability, such as "can 

understand". Behavioural constructs such as "avoid II were seldom used to 

define either type of element. A similar lack of behavioural constructs was 

noted in Study 4. The construct of relevance was not important for the males 

in the present study, being used by only one subject. This finding differs from 

the general findings for male students with negative attitudes reported in 

Study 4 (section 7.2.4.7.) and from Quilter and Harper (1988) who reported 

how important the relevance of mathematics was to their male graduate 

students. For two male subjects, the construct of relevance loaded heavily on 

Factor II and was associated with the elements "mathematics tests" and 

"mathematics examinations". 

The female students in Study 5 described their salient elements by using 

many more emotional constructs than intellectual or ability constructs. Fifty 

percent of all salient constructs for positive elements, and almost 46% of 

those for negative elements, were emotional ones. For positive elements, 

females used almost equal numbers of intellectual, ability and behavioural 

constructs. They used more behavioural constructs than did the male 

subjects, 14.3% compared with 6.7% of all salient constructs. For negative 

elements, the number of intellectual constructs decreased and the 
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behavioural constructs increased, accounting 29.2% of all salient 

constructs. It appears that females in the present study are more likely than 

males to respond to negative elements by avoiding them or 

hard at them. 

not working 

in the present study defined salient emotional terms 

more often than did males. This apparent contradiction between the lower 

levels of rna them a tics anxiety for females more frequent use of 

emotional constructs by this same group is not difficult to explain. In fact, 

very few males or females in the present study use "tense/anxious - relaxed" 

as a salient construct. It is a salient construct used by only two males and one 

female to describe positive elements and by two females to describe negative 

elements. Females may react emotionally to mathematics elements, but the 

constructs used include "enjoy", "satisfying", "boring" and "frustrating" 

rather than "tense/anxious relaxed ". 

The results in Studies 2 and 3 suggest that it could be expected that female 

subjects in the present study would use more constructs relating to their lack 

of ability to do or understand negative elements than would males. These 

two earlier studies indicated that female subjects,owith either high or low 

mathematics anxiety scores, reported more self-referent negative cognitions 

than did either high or low mathematics anxious males. In Study 5, 17% of 

the salient constructs for females referred to ability while constructs in this 

category accounted for 24% of the salient constructs for males. These data 

indicate that the females in this sample were less concerned about their ability 

than were males. School certificate mathematics grades obtained later that 

year indicated that students in this class were more able than their 

male class mates. 
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8.3.3. Cond usion. 

The results of the present study can be linked to previous research such as 

factor analyses of the MARS, which clearly show that items about learning 

mathematics and items about having mathematics performance evaluated 

comprise two separate factors of mathematics anxiety. Similar findings were 

obtained in both the studies which used the Repertory Grid method. There 

was some evidence from these two studies that males who are anxious about 

mathematics enjoy simple and practical mathematics tasks, while females 

who are more comfortable with mathematics enjoy the challenge of more 

difficult mathematics. Neither Study 4 nor Study 5 indicated that there was a 

general decline in mathematics attitudes as students progress through school. 

Whether students are mathematics anxious or not, negative elements are 

seldom associated with constructs which reflect tension or anxiety. Finally, 

analysis of the salient constructs in Study 5 indicated that females more often 

reacted emotionally towards aspects of mathematics than did males. 

tJr\.<!lScl::,,gmTiilOJll:t;1l;l1.t findings in present study were the individual 

insights provided by each subject's Repertory Grid. These were obtained by 

using a variation of the Repertory Grid which used provided elements and 

constructs to assess the mathematics attitudes of this group of 5th Form high 

school students. The benefits of this grid were that it was easy and quick to 

use and could be administered by any class teacher. Only the analyses of the 

resulting information required any specialised knowledge. Informal 

discussion with the students after they had completed the grid indicated that 

the instrument allowed them to include all relevant mathematics topics, 

attitudes and feelings. 
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with the elicited grid used in the previous study, the present grid allows 

students to include those mathematics topics situations which are most 

important to them. While the constructs in study were provided, 

rather than elicited, the high loadings of constructs on the factors derived 

by principal components analyses were of their validity. A grid such 

as that used in the present study considerable utility for discovering a 

student's mathematical likes and dislikes and the reasons for these feelings. 

It may provide teachers with the information needed to change the content 

and method of their mathematics teaching, particularly with regard to their 

approach to individual students, and counsellors the information used in 

attempts to alter attitudes. This type of grid might also be used to assess the 

efficiacy of any attitude change programme. 
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of interest about 

topic since the 19705. 

Researchers have addressed issues such as the prevalence of mathematics 

anxiety, differences between genders and the relationship between 

mathematics anxiety and a range of other variables. A considerable number 

of scales have been devised to measure mathematics anxiety, and factor 

analyses indicate that several of these scales consist of more than one factor. 

The study of mathematics anxiety has been accompanied by a proliferation of 

programmes designed to alleviate the problem. These interventions often 

have only tenous links to mathematics anxiety research. Methods used in 

mathematics anxiety remediation programmes range from simply teaching 

mathematics skills, to psychological techniques such as systematic 

desensitization (Suinn, Edie Spinelli, 1970) and anxiety management 

training (Richardson & Suinn, 1973). Proponents of these interventions 

invariably claim that they are effective even though changes in mathematics 

anxiety are seldom adequately assessed. 

9.1. 

Present 

the Mathematics Anxiety and the 

The general limitations of mathematics anxiety research were presented in 

Chapter 1. Criticisms such as these date from 1970 when Aiken pointed out 

that researchers had relied too heavily on correlational methods and had 

controlled extraneous variables inadequately. Further criticisms of the field 

by Aiken in 1976 included the use of unstandardised attitude scales and 
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researchers' unfamiliarity with multivariate analyses. Reyes (1984) noted that 

mathematics anxiety researchers had failed to examine other relevant 

attitudinal, psychological and test anxiety literature. Studies have used many 

different mathematics anxiety measures, some of which lack adequate 

psychometric data. Most research has been conducted using university 

student samples and there is a dearth of information about the prevalence of 

mathematics anxiety in other populations. Aiken (1970) also maintained that 

research into general attitudes to mathematics should be supplemented by 

research into attitudes to specific aspects of mathematics. Another limitation 

of the mathematics anxiety literature is that researchers have failed to pursue 

the studies of Alexander and Cobb (1984), Brush (1978), Resnick, Viehe and 

Segal (1982) and Rounds and Hendel (1980b) who have reported that 

mathematics anxiety may consist of a number of different factors. One final 

limitation of mathematics anxiety research is that almost all studies lack a 

genuine theoretical base. 

The first three studies in the present series of five were directed at addressing 

most of the above criticisms. As no theory of mathematics anxiety has yet 

been developed the present studies remained to some extent atheoretical. 

The limited time available for the research meant that longitudinal studies 

could not be considered. However, samples included first year university and 

high school students of both genders. A wide range of variables was studied 

including both mathematics and other anxiety measures, attitudes to different 

types of mathematics, mathematics ability and cognitions about a 

mathematics task. The unique contribution to mathematics anxiety made by 

each of these variables was assessed using regression analyses. Aiken's 

concern about the poor psychometric properties of many mathematics anxiety 

scales was countered by using a short version of the Mathematics Anxiety 
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Rating Scale (MARS, Richardson & Suinn, 1972) which has the best 

psychometric properties of any of this type of scale. 

The measures included in the studies were selected with the aim of 

examining whether mathematics anxiety was predominantly an affective or a 

cognitive phenomenon. The results of the studies allow consideration of 

whether a theory which focusses on interfering cognitions as do cognitive

attentional theories of test anxiety (Meichenbaum & Butler, 1980; Sarason, 

1975; Wine, 1980, 1982) or an affective/cognitive theory such as Liebert and 

Morris' (1967) Two-Component Test Anxiety Theory might be applicable to 

mathematics anxiety. While correlational methods were used so that the data 

could be compared with earlier studies, multivariate analyses were also 

carried out in order in find out which variables were the best predictors of 

mathematics anxiety when the effects of other variables were also taken into 

consideration. The factor structure of the mathematics anxiety measure, the 

RMARS, was also examined. 

9.2. Summary of Results from Studies 1,2 and 3. 

9.2.1. Factor Analyses from Studies 1,2, and 3. 

Factor analyses of the first three studies confirm previous research by 

Alexander and Cobb (1984), Plake and Parker (1982) and Rounds and Hendel 

(1980b) which has found the MARS and related scales to consist of several 

distinct factors. The present research with both university and high school 

subjects confirmed the factor structure of a shortened version of the MARS, 

the RMARS (Plake & Parker, 1982), although there were indications that the 

structure of the scale may be more complex than the two factor solution 
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suggested by Plake and Parker. In all three studies, the RMARS was found to 

consist of at least three factors: Thinking About Mathematics, Doing 

Mathematics and Evaluation of Mathematics. The dominant factor of 

mathematics anxiety as measured by the RMARS was Thinking About 

Mathematics. The items which comprised this factor indicate that for both 

high school and university students, mathematics anxiety is dominated by 

concerns about the anticipation of performing mathematical tasks, such as 

"looking through the pages of a maths text" and "walking on campus and 

thinking about a maths course". 

Separate analyses for males and females suggested, within the limitations 

imposed by some rather small sample sizes, that the factor structure of the 

RMARS may be different for the two genders. For example, it appears that 

males may be more concerned about the anticipation of mathematics tasks 

than females as Thinking About Mathematics was the dominant factor for 

males in both Study 1 and Study 3. For females, Thinking About 

Mathematics was the main factor in Study 2, with Doing Mathematics and 

Evaluation of Mathematics being the main factors in Studies 1 and 3, 

respectively. The different factors obtained from the three studies could be 

accounted for by differences in the samples used, since a number of first year 

psychology students are older students who do not come straight from high 

school. However, this would lead to the expectation that the factor analyses 

for Studies 1 and 2,*,ould have been more similar than they were. Studies 2 

and 3 may have been seen as being more evaluative situations than Study I, 

thus increasing concern about, or awareness of, the evaluative aspect of 

mathematics performance. Unfortunately, when separate factor analyses for 

both genders were attempted only one type of factor solution was possible in 

several instances. Gender differences in the factors obtained in the three 

studies may have occurred as a result of comparing oblimin and varimax 
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solutions. However, where both oblimin and varimax factor rotations were 

possible, the two factor structures which emerged were very similar to each 

other. 

The consistent finding from all factor analyses was that the RMARS items 

which comprise Plake and Parker's (1982) Mathematics Evaluation Anxiety 

subscale also group together to form an equivalent factor in all three of the 

studies reported here. The only exception was item 19 ('solving a square root 

problem ') which did not load signficantly on the evaluation of mathematics 

factor in any of the three studies. These results indicate that for both genders, 

and for high school and university samples, there is a clearly identifiable 

aspect of mathematics anxiety that has to do with having their mathematics 

performance evaluated. Similar findings have been reported by other 

researchers (Resnick, Viehe & Segal, 1982; Rounds & Hendel, 1980b). Even 

though an evaluation factor of mathematics anxiety was always clearly 

identifiable in the present studies, it was not always the dominant factor and 

thus may not always be the most important aspect of mathematics anxiety. 

Ferguson (1986) found that evaluation anxiety was only a minor factor of 

mathematics anxiety and as Brush (1978), Suinn and Edwards (1982) and 

Suinn, Taylor and Edwards (1988) quote the combined variance for all factors 

it is not possible to be sure that evaluation anxiety was the dominant factor in 

these studies. 

9.2.2. Levels of Mathematics Anxiety in Studies 1,2 and 3. 

Levels of mathematics anxiety reported by subjects in each of the three studies 

are summarised in Table 42. If the RMARS is divided into Learning 

Mathematics Anxiety and Mathematics Evaluation Anxiety subscales (Plake 
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& Parker, 1982), it can be seen that levels of Mathematics Evaluation Anxiety 

were always higher than levels of anxiety about learning mathematics. This 

indicates that students say that they are more worried by things such as 

mathematics tests than by ordinary classroom mathematics tasks. However, 

worry about mathematics tests may not be as serious a problem as it appears, 

as all testing situations are stressful for most students and students might 

expect and tolerate higher levels of anxiety under evaluative mathematical 

conditions. Also the Evaluation of Mathematics Anxiety factor or 

Mathematics Evaluation Anxiety subscale may be of comparatively little 

importance, having been shown to be only a minor factor of mathematics 

anxiety in both the present research and in some earlier studies. It may be 

that greater concern should be shown about levels of anxiety about learning 

mathematics which might prevent some students from continuing with 

mathematics classes or contribute to their negative experiences in the classes 

they do take. 

Gender differences in the two university samples in Study 1 and Study 2 were 

not great and, in Study 1, were reduced if the effects of mathematics education 

were statistically controlled using partial correlation analyses. This supports 

the contention that mathematics anxiety among first year university students 

is more dependent on students' years of mathematics education than on their 

gender (Alexander & Cobb,1984; Betz, 1978; Kagan, 1987). It is also likely that 

those who are very mathematics anxious do not enrol in a course such as 

Introduction to Psychology, which has a compulsory statistics component. 



Table 42. 

Summary of Levels of Mathematics Anxiety from Three Studies. 

Study 1: first year 

psychology students 

Study 2: first year 

psychology students 

Study 3: high school 

students 

* 12~a5 

** 12 ~.01 

*** P. ~.OOl 

**** P. ~.OOOI 

Learning Mathematics 

Anxiety Subscale 

males (n = 123) 31.62 

females (n = 183) 35.03** 

males (n:::: 99) 32.11 

females (n = 207) 33.81 

males (n :::: 254) 31.76 

females (n = 226) 34.92*** 

possible range 16 - 80 
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Mathematics Evaluation 

Anxiety Subscale 

23.28 

26.04** 

22.89 

25.00* 

20.78 

24.66**** 

8-40 

In the case of high school students, females were more mathematics anxious 

than males with this difference being particularly marked on the 

Mathematics Evaluation Anxiety subscale. It is possible that females are more 

prepared to admit to feelings of anxiety (Hembree, 1990). It is also possible 

that the greater levels of anxiety expressed by female high school students are 

the result of male and female students having different experiences in 

mathematics classrooms (Eccles & Jacobs, 1986). Teachers may have higher 

expectations of males' mathematics performance, and these expectations 

might be reflected in ways of teaching mathematics that provide a more 

supportive atmosphere for male students. In addition, Flessati and Jamieson 

(1991) suggested that gender differences in mathematics anxiety among first 

year university students may result from females being more critical of their 
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self-expression of mathematics anxiety than were males. This same 

characteristic may contribute to the gender differences in the levels of 

mathematics anxiety of high school students. While Mathematics Evaluation 

Anxiety was relatively stable from class to class, there was a slight decline in 

Learning Mathematics Anxiety scores from Form 4 to Form 7. This trend 

probably occurs because while the more anxious mathematics students do not 

carry mathematics on to the higher forms, the evaluation of mathematics 

performance continues to be stressful for a number of the remaining 

students. 

The mathematics anxiety scores reported in Table 42 translate to a MARS(98) 

equivalent of between 234.81 and 239.79 for the university samples. Mean 

MARS(98) scores for high school students were 213.70 for males and 242.55 for 

females. These scores are equivalent to mean item scores of less than 2.5, 

which represents between 'a little' and 'a fair amount' of anxiety for each 

MARS item. These levels are higher than those reported for North American 

samples of university and high school students and shown in Table 2. The 

findings indicate that levels of mathematics anxiety may be higher in New 

Zealand than in the United States of America, a conclusion which is 

supported by international research reported by Kifer and Robitaille (1989). 

Although both New Zealand and American high school students see 

mathematics as being of equal importance, New Zealand students believe that 

mathematics is harder than do their American counterparts (Kifer & 

Robitaille). New Zealand high school students may do more difficult 

mathematics than American students as the American education system 

offers a less standardised mathematics curriculum, including easier options 

which do not include algebra or calculus. American students also say that 

they have more home support for their mathematics studies than do New 
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Zealanders. These differences in attitudes may result in higher levels of 

mathematics anxiety among New Zealand students. It may also be that the 

effects of the support that American high school students receive at home is 

also extended to the classroom, and this would also serve to reduce levels of 

mathematics anxiety. 

Aiken's (1970) contention that different aspects of mathematics should be 

considered by researchers is confirmed by the finding that different types of 

mathematics evoked different levels of anxiety. In general, more difficult 

types of mathematics such as algebra and calculus caused students more 

anxiety than the easier arithmetic. Of the university subjects, females were 

more anxious than males about each of six different types of mathematics. 

Calculus was particularly anxiety provoking for both males and females with 

arithmetic eliciting the least anxiety. These findings indicate that 

mathematics anxiety scales may need to include items about different sorts of 

mathematics or even employ distinct sub-scales. For example, a student may 

indicate low levels of arithmetic anxiety but be very worried by statistics. This 

may not always matter in everyday life but could be important to assess when 

a university course, for example, requires some basic statistics. 

In the case of high school students, mathematics anxiety scales which assessed 

levels of anxiety about different types of mathematics might be helpful in 

indicating whether a student is likely to decide not to take a particular 

mathematics course (e.g. mathematics with calculus) or not to continue in a 

course with, in this example, calculus content. From the sample of high 

school students in Study 3, levels of anxiety about different types of 

mathematics varied from class to class with anxiety about algebra and 

trigonometry decreasing from Form 4 to Form 7 while anxiety about calculus 

increased. This is to be expected as students are introduced to algebra and 
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trigonometry in Form 3 and are likely to have mastered it by Form 5. Form 6 

and Form 7 students face very little that is new in either algebra or 

trigonometry. Calculus, on the other hand, is only introduced in Form 6 and 

is still new to those in Form 7. (P. Purser, high school mathematics teacher, 

personal communication, April 3, 1992). It might be expected that levels of 

anxiety would remain relatively constant from year to year or even decline 

due to sample attenuation as some of the more mathematics anxious 

students stop taking mathematics. At the same time the level of difficulty 

increases from year to year, possibly increasing levels of anxiety for at least 

some of the remaining students. 

9.2.3. The Relationship of Mathematics Anxiety to Other Variables. 

The first three studies in the present series examined the relationships 

between mathematics anxiety and variables such as mathematics 

performance, test anxiety and anxiety as a stable personality characteristic, i.e. 

Trait Anxiety. Correlations between mathematics anxiety and performance 

were negative but non-significant in most cases. Similar findings have been 

reported by Fulkerson, Galassi and Galassi (1984), Uabre and Suarez (1985) and 

Resnick, Viehe and Segal (1982). There were no significant differences 

between males and females in the correlations between mathematics anxiety 

and mathematics performance. Nor were there significant differences 

between the correlations between mathematics performance and the two 

subscales of the RMARS. Some of the mathematics anxiety literature has 

reported that mathematics anxiety impairs mathematics performance or, 

alternatively, that mathematics anxiety results from being less 

mathematically able (Richardson & Suinn, 1972; Sachs, 1982). The results 

from the first three studies in the present series do not support these findings. 
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It appears, from the present research and from other studies (e.g. Resnick et 

al., 1982), that students who are mathematics anxious do not perform less 

well than those who are not. The results also indicate that programmes, such 

as that by Lindbeck and Dambrot (1986), which attempt to improve 

mathematics anxiety by improving mathematics performance are unlikely to 

be successful. 

The present studies used test anxiety measures devised by Liebert and Morris 

(1967) and Alpert and Haber (1960). Moderate positive correlations were 

obtained between these measures and mathematics anxiety. Correlations 

were not significantly different for males and females. In general, the results 

from Studies 2 and 3 showed that the Worry and Emotionality aspects of test 

anxiety correlated equally with both subs cales of mathematics anxiety. This 

finding is surprising given the explicitly test-oriented nature of the items in 

the Mathematics Evaluation Anxiety subscale. However, the present results 

were consistent with those reported by both Betz (1978) and Dew, Galassi and 

Galassi (1983) who also found that mathematics anxiety was about equally 

related to the worry and emotionality components of test anxiety. It appears 

that although it is possible to identify and define the arousal and cognitive 

components of test anxiety independently, they may interact as a single 

process (Lazarus & Averill (1972) cited in Finger & Galassi, 1977). It is 

reasonable to assume that an emotional response to either mathematics tasks 

or mathematics tests is a mixture of both cognitive and affective reactions. 

There was a similar lack of significant differences in the correlations between 

mathematics anxiety and the two scales of Alpert and Haber's (1960) 

Achievement Anxiety Test (AAT). Correlations between Debilitating Anxiety 

scores and mathematics anxiety did not differ by gender. The correlation 

between the Learning Mathematics Anxiety subscale and Debilitating Anxiety 
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was not significantly different from that between Mathematics Evaluation 

Anxiety and Debilitating Anxiety. As would be expected, higher mathematics 

anxiety scores were associated with lower facilitating anxiety scores. the 

case of the females in Study 2, there were stronger negative correlations 

h&>I1"AT~:..pn Mathematics Evaluation Anxiety and Faciliating Anxiety scores than 

hol"TAT£..&>n Learning Mathematics Anxiety and Facilitating Anxiety. However, 

differences were not significant. Rounds and Hendel (1980b) have 

claimed support for the expectation that there would be a stronger 

relationship between the mathematics test anxiety factor of the MARS and 

both subscales of the AAT than between numerical anxiety and the AAT 

subscales. However, while Rounds and Hendel reported correlations between 

Facilitating Anxiety and Debilitating Anxiety that were greater for 

Mathematics Test Anxiety than for the Numerical Anxiety factor, these 

differences were not significant. It may be that, like the Worry and 

Emotionality scales, Debilitating and Facilitating Anxiety interact as a single 

process. In fact, Plake, Smith and Damsteegt (1981) expressed concern that the 

two subscale scores are not independent. It may also be that students view 

mathematics tests as being very different from other types of tests and, hence, 

that the items on a test anxiety scale such as the AA T are not viewed as being 

applicable to mathematics tests. Further, mathematics attainment is tested 

more frequently than other subjects and students may come to see 

mathematics assessment as routine. 

In Study 2, higher correlations were obtained between Mathematics Anxiety 

and Trait Anxiety scores by males than by females. Betz (1978) measured Trait 

Anxiety and mathematics anxiety (MAS; Fennema & Sherman, 1976) and 

found a significant correlation between the two measures. Whether 

mathematics anxiety was more strongly associated with State Anxiety than 

with Trait Anxiety was not investigated, nor were possible differences 
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between males and females. Mathematics anxiety was not associated with 

Trait Anxiety for the female subjects in Study 2. In Study 2 there were no 

significant differences between the correlations of Trait Anxiety scores with 

Learning Mathematics Anxiety those between Trait Anxiety and 

Mathematics Evaluation Anxiety was equally correlated with 

both mathematics anxiety subscales and there were no differences the 

correlations for males and those for females. 

These results suggest that the males in Study 2 had a relatively stable aspect of 

their personality which made them anxious in mathematical and other 

situations. As a subject, psychology might attract a number of males who 

have a disposition towards being generally anxious. As one of the less 

mathematically demanding science courses, it may also attract males who are 

less than completely comfortable with mathematics. On the other hand, 

psychology may be seen as a human interest subject, and hence as a course 

which attracts a less selective sample of female students. For females, 

correlations of similar magnitude between mathematics anxiety and both the 

State and Trait Anxiety measures, indicate that neither personal 

characteristics (Trait Anxiety) nor responses to the mathematics situation 

(State Anxiety) predominate. Later regression analyses showed that State 

Anxiety is a more important predictor of mathematics anxiety for than is 

Trait Anxiety. This may be a result of females' lower expectations, their more 

self critical attitudes, teachers' expectations of females' mathematics 

performance, teaching practices, parental attitudes or any combination of all 

these factors. 

No significant differences in the correlations between either scale of the 

and gender or mathematics anxiety subscale scores were found in Study 3. 

similar lack of difference in the correlation between State and Trait Anxiety 
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and mathematics anxiety scores was reported by Plake, Smith and JiJw. .......... 

(1981) using a sample of university students, although they did not 

consider gender differences. The higher correlations for male subjects 

between mathematics anxiety Trait Anxiety found in Study 2 were not 

replicated in Study 3, possibly ..,"" .. w. .... "' ... of the less selective nature of the male 

students in the high school sample. In fact, measures of and Trait 

Anxiety are seldom significant predictors of mathematics anxiety, with only 

State Anxiety predicting Learning Mathematics Anxiety for males. This 

contributes to the overall picture of mathematics anxiety, for this group of 

high school males, being a predominantly emotional reaction. 

9.2.4. Cognitions Studies 2 and 3. 

The numbers of cognitions reported by the subjects in Studies 2 and 3 depend 

on which type of cognitive measure was used, with the cognitive checklist 

producing many more reported thoughts than the thought-listing procedure. 

Cognitions are so fleeting and incomplete that it could be maintained that it is 

unlikely to be possible to measure them accurately. However, Meichenbaum 

and Cameron (1981) believe that cognitive measures' can be useful tools and 

Cacioppo and Petty (1981) make a good case in support of the thought-listing 

technique. 

Correlations between the cognitions obtained from the thought-listing and 

cognitive checklist measures ranged from r .00 to r = .60. For the cognitive 

checklist, correlations between different categories of thoughts were low, as 

would expected. For example, correlations between self referent positive 

thoughts and self referent negative thoughts were r = .00 and r = .21 for 

Studies 2 and 3 respectively. Correlations between self referent negative 
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thoughts measured by thought-listing before the task and those obtained by 

the checklist after the task correlated!. =: in Study 2 r. .27 in Study 3. 

Correlations between self referent negative thoughts obtained by the two 

thought-listing measures, before and after 

andr= .20. 

mathematics task, were r = .29 

These correlations indicate that the results obtained using one cognitive 

measure are unlikely to be replicated with a different measure although it is 

difficult to tell whether the differences among measures occur because the 

measures are not very reliable or valid, as different frequencies of thoughts 

occur at different times, or because one type of measure may elicit more 

thoughts than another. Meichenbaum and Cameron (1981) believed that 

using cognitive inventories increases the likelihood of fabricated responses 

and the greater number of cognitions obtained from the cognitive checklist 

may be an example of this problem. Using several types of cognitive 

measure, as was done in Studies 2 and 3, may be helpful. A researcher could 

be more confident if the same results were obtained from two different 

methods. What is clear is that it would be unwise to compare the results 

from different studies which use different cognitive measures. This problem 

was recognised by Hunsley (1987) when he found that the results he obtained 

using a cognitive checklist differed from those obtained by Fulkerson, Galassi 

and Galassi (1984) who used a used thought-listing procedure. 

In spite of the above limitations, similar findings were obtained with both 

thought-listing and with the cognitive checklist and with both the university 

and high school student samples. These results showed that students with 

high levels of mathematics anxiety reported more self-referent negative 

cognitions than did students with low mathematics anxiety. It is not 

surprising that those who are anxious about mathematics should think 
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things like "1 bet I'll fail" or, "1 never can do this sort of problem". These 

results provide some support for a cognitive-attentional theory of 

mathematics anxiety. They also agree with Clute's (1984) findings that 

students who are mathematics anxious also have low estimates of their self 

efficacy. It is perfectly reasonable that students who are anxious about 

mathematics also lack confidence in their mathematics ability. It is also likely 

that a lack of mathematics confidence may make a person anxious. 

High mathematics anxious students in Study 2 also reported thinking more 

task negative thoughts than did low mathematics anxious students. This is 

in accord with a cognitive-attentional theory of test anxiety (Wine, 1980) and 

indicates that mathematics anxious subjects think negative thoughts not only 

about the task but also about their performance on the task. Data from the 

cognitive checklist in Study 3 indicated that more off-task and on-task 

thoughts were reported by the students who were highly mathematics 

anxious. That mathematics anxious students should report more off-task 

thoughts is also in accord with cognitive-attentional theory although the 

higher frequency of on-task though ts is not. One possible reason is that 

mathematics anxious subjects are aware of their off-task thoughts and try to 

counter them by bringing their thoughts back to the task. The difference may 

also be an artifact of the checklist method, which offers the mathematics 

anxious student a range of thoughts about the task that they check because 

they think they should have thought these types of thoughts. High and low 

mathematics anxious female subjects in both studies reported more self

referent negative thoughts than did males in either the low anxiety or high 

anxiety group. This supports Flessati and Jamieson's (1991) claim that 

females are more self critical of both their mathematics performance and 

their mathematics anxiety. Even when students have objective measures of 

their mathematics performance, such as test scores, female students see 
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themselves as less able and males as more able than the objective measures 

indicate (P. Purser, personal communication, April 3, 1992). 

9.2.5. Regression Analyses from Studies 1,2, and 3. 

The multivariate analyses reported in the first three studies, and particularly 

the regression analyses of Study 2 and Study 3 data, throw more light on the 

associations between mathematics anxiety and other variables than do the 

simple correlations reported elsewhere. Where correlations simply i m~dB.SUfe 

the relationship between two variables, regression analysesIJ2~"eali the 

contribution which several make to the prediction of some other variable. In 

Study I, mathematics aptitude was the most important predictor of 

mathematics anxiety for males, while levels of mathematics education were 

most important for females. As only a few variables were included in that 

study, the results are less informative that those obtained in Studies 2 and 3. 

In Study 2, both Trait Anxiety and scores on the Worry scale (Liebert & 

Morris; 1967) are predictors of Learning Mathematics Anxiety and 

Mathematics Evaluation Anxiety for male subjects. These results indicate 

that mathematics anxious males have a relatively stable personality 

characteristic which predisposes them to anxiety and that they are worried 

both about doing mathematics and in mathematics test situations. Affective 

measures which predict mathematics anxiety for females are Emotionality 

(Learning Mathematics Anxiety) and Debilitating Anxiety (Mathematics 

Evaluation Anxiety). These findings indicate that mathematics anxious 

females suffer more from emotional arousal than do their male counterparts. 

Self-referent negative or off-task thoughts are predictors of mathematics 
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anxiety for both males and females. This is close to the predictions of 

cognitive-attentional theory and, intuitively, it is not surprising that those 

who are anxious about mathematics wonder about being unable to do the 

task. 

Similar predictors of mathematics anxiety were obtained from the high 

school sample in Study 3. Debilitating anxiety was a predictor of levels of 

both Learning Mathematics and Mathematics Evaluation Anxiety. Other 

affective measures such as State Anxiety, Emotionality and Worry were also 

predictors for one or other aspect of mathematics anxiety for either males or 

females. Self-referent negative and off-task thoughts were also predictors, 

predominantly for female students. It appears that mathematics anxious 

females keep telling themselves that they can not do mathematics. This is 

unlikely to be a function of their lack of ability, as the correlations between 

mathematics anxiety and mathematics performance indicate. Again, Flessati 

and Jamieson's (1991) finding that females are more self critical explains the 

present results. The negative thoughts reported by female students may be 

perpetuated by parental attitudes, particularly those of the mother (Eccles & 

Jacobs, 1986). It is common for a mother to excuse her daughter'S attitude to 

mathematics by saying "1 wasn't very good at it/didn't like it either". On the 

other hand, parents whose children are having difficulties with mathematics 

are more likely to seek extra tuition for their sons than for their daughters (P. 

Purser, personal communication, April 3, 1992). 

Given the non-significant correlations between mathematics anxiety and 

mathematics performance, separate regression analyses were carried out to 

find out what variables predicted mathematics performance. In Study I, 

mathematics aptitude predicted mathematics performance for males while a 

combination of aptitude and mathematics education was a predictor for 
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For the Study 2 sample, levels of mathematics education were 

important for both genders and negative cognitions were 

important for males. For females, types of cognitions and facilitating 

anxiety were important predictors. Cognitions were important predictors of 

mathematics performance for high school males and both cognitions 

anxiety measures· for that cognitions play a more 

important role in the prediction of mathematics performance than in 

predicting mathematics anxiety. Feinberg and Halperin (1978) concluded that 

statistics performance was a function of both affective and cognitive variables. 

Evidence from Studies 2 and 3 supports this while highlighting the 

importance of cognitions in predicting mathematics performance, particularly 

in the case of male students. From the present research, it appears that it is 

possible for a student to depress his or her score on a mathematics test by 

thinking negative thoughts about his or her ability. On the other hand, 

positive thoughts about one's mathematical ability and thoughts which focus 

on the task in hand improve mathematics performance. 

9.3. General Conclusions from Studies 1,2, and 3. 

A number of general conclusions can be drawn from the data summarised in 

the previous sections. Mathematics anxiety as measured by the RMARS 

consists of thinking about mathematics, doing mathematics and being 

evaluated in mathematics factors. Although some university and high 

school pupils show evidence of high levels of mathematics anxiety, the mean 

item scores for mathematics anxiety are generally only between 'a little' and 

'a fair amount' anxiety. This means that, for most of the students in the 

present of studies, mathematics anxiety was not a major problem and 

certainly did not reach phobic proportions. There is no reason to believe that 
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the situation would be very different in other high school and university 

samples. Mathematics Evaluation Anxiety item scores are higher for 

both males and females than are mean Learning Mathematics Anxiety ct"'n:I'oc 

indicating that all subjects were more bothered by math tests than math 

classes. This probably reflects the anxiety that students generally feel about 

evaluative situations. for example, there were a measure of English anxiety 

it would be expected that students would feel more anxious about English 

tests than about English classes. The anxiety the students express about 

evaluative mathematics situations may not be as troublesome as it appears to 

be. Anxiety in testing situations may be an expected part of such occasions 

and therefore be accepted as inevitable by many students. In practice, anxiety 

in mathematics classes may be of greater importance because it may interfere 

with students' willingness to learn mathematics and may influence a 

decision to drop the subject as soon as it is possible to do so. 

While high school females are more mathematics anxious than males there 

are few differences between the genders in university samples, particularly if 

levels of mathematics education are controlled. Possible reasons for these 

differences are that female high school students may have different 

experiences in mathematics classes from their male counterparts (Eccles & 

Jacobs, 1986). It is likely that very mathematics anxious students do not enrol 

for the introductory psychology course from which the samples in Studies 1 

and 2 were drawn as this course has a compulsory statistics component. The 

present studies indicate that some types of mathematics are more anxiety 

provoking than others, for example that calculus arouses much more anxiety 

than arithmetic. Students may get through the less complicated years of 

mathematics education without becoming mathematics anxious, but facing 

algebra, statistics or calculus could change the situation. Even the prospect of 

more difficult or abstract mathematics topics may be sufficiently anxiety 



302 

provoking to discourage a student from taking that type of mathematics. 

Negative mathematics attitudes are probably also spread by students 

discussing their unpleasant mathematics experiences with others. 

From the correlations between mathematics anxiety and other anxiety 

measures, it must be concluded that mathematics anxiety and test anxiety are 

different phenomena. Neither are Mathematics Evaluation Anxiety and Test 

Anxiety equivalent. These findings may mean that mathematics is viewed 

very differently from other subjects and that mathematics tests have a 

character all their own. The two factors of Liebert amd Morris' (1967) test 

anxiety measure, Worry and Emotionality, and the Debilitating and 

Facilitating Anxiety scales of Alpert and Haber (1960) yield similar 

correlations with both aspects of mathematics anxiety. There is no evidence 

to support the claim that mathematics anxiety is more an affective than a 

cognitive phenomenon, possibly because the two subs cales of both these 

anxiety measures are not independent. 

There is evidence that those who are mathematics anxious think differently 

from those who are not, in particular relative to the frequency of self-referent 

negative thoughts. These same cognitive measures indicated that females 

report more self-referent negative thoughts than males, regardless of levels of 

mathematics anxiety. The results reported here indicate that mathematics 

anxiety is not simply an overwhelming emotional response to mathematics 

but a combination of thoughts and feelings about the subject with females 

having more doubts about their mathematics ability than do males. Females 

appear to be more critical of their mathematics performance, even when they 

have test results as objective measures of their ability. Regression analyses 

have shown that these negative thoughts about mathematics performance 

may further depress mathematics test scores. 
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Regression analyses confirm that predicting mathematics accurately is 

complex. Different variables are involved depending on whether Learning 

Mathematics Anxiety or Mathematics Evaluation Anxiety being considered 

and whether the subject group of interest is male or female. There also 

appear to be differences between the predictors of mathematics anxiety for 

high school and first university student samples. For the university 

sample, affective variables make a greater contribution to mathematics 

anxiety scores than do cognitions, particularly for male subjects. Thus it 

appears that, for introductory psychology students mathematics anxiety is 

largely an emotional reaction to mathematics. Cognitions are also less 

important as predictors of mathematics anxiety for males than for females in 

the high school sample. For males in the high school sample, mathematics 

anxiety is predominantly an emotional reaction while for female high school 

students mathematics anxiety involves more negative cognitions than 

negative emotional reactions. In contrast, cognitions are important predictors 

of mathematics performance for both genders in both studies, particularly 

males. This indicates that mathematics performance is less affected by 

emotional responses to the subject and more by the thoughts a student has. 

Cognitive-attentional theories of test anxiety (Wine, 1980) posit a high 

incidem:::e of self referent negative thoughts and irrelevant thoughts among 

those who are test anxious. The results from Studies 2 and 3 indicate that 

such theories might be applicable to mathematics performance. 

9.4. Considerations. 

Mathematics anxiety has been viewed from a number of different 

perspectives, most often simply as an affective reaction to mathematics. 

Much of the mathematics anxiety literature takes this view, one which is 

frequently implicit rather than explicit. Another perspective to consider is 
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that mathematics anxiety may consist of both cognitive 

components, or emotional and worry responses to mathematics, in the same 

way that Liebert and Morris (1967) have suggested is the case for test anxiety. 

A third possibility, again borrowed from the test literature, is that 

mathematics anxiety is predominantly a cognitive reaction to mathematics, 

with those who are mathematics anxious in more negative 

thoughts about the task and their ability (Wine, 1980). Finally, the Three 

Systems Model of anxiety (Lang, 1971; Rachman, 1976) recognises the 

contribution made by affective, cognitive and behavioural components. 

Anxiety can also be considered to be one particular example of a negative 

attitude and attitudes have long been recognised as consisting of these same 

three components. This suggests that whether mathematics anxiety is seen as 

a particular form of anxiety or as a negative attitude towards mathematics, it 

appears that it can be viewed as comprising affective, cognitive and 

behavioural aspects. An alternative view of an attitude is as a single entity, in 

particular an evaluation of an attitude object. Even when attitudes are 

defined in this way the distinctions between affect, cognition and behaviour 

remain important as these are considered to be the three different ways in 

which'attitudes are formed and subsequently experienced (Zanna & Rempel, 

1988). 

The mathematics anxiety literature has given little thought to whether the 

phenomenon is emotional, cognitive, behavioural or some combination of 

these three things. Hembree (1990) claimed that mathematics anxiety was 

more a learned emotional response than a cognitive one. On the other hand 

Wigfield and Meece (1988) found support for a two component 

(affective/ cognitive) theory of mathematics anxiety. Consideration of any 

behavioural aspect of mathematics anxiety is rare in the literature, although 
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Byrd (1982/in',~yes, includes avoidance behaviours in profile of the 

mathematics anxious student and Giangrasso (1981, in Gourgey, 1984) has 

noted that those who are mathematics anxious are less willing to put time 

into solving problems. 

The present light on the relationship of both 

cognitive and emotional factors to mathematics anxiety, although it 

continues the neglect of the behavioural aspect. Investigating the 

behavioural aspect of mathematics anxiety would have required a separate 

series of studies which examined such behaviours as the avoidance of 

mathematics situations and the amount of time spent on mathematics task 

when other activities were also available. If mathematics anxiety is purely an 

emotional reaction to mathematics, correlations between mathematics 

anxiety and a measure of emotionality should be higher than those between 

mathematics anxiety and cognitions such as worry. It would also be 

reasonable to expect stronger associations between emotionality and the 

particularly anxiety provoking items of the Mathematics Evaluation Anxiety 

subscale of the RMARS than between emotionality and Learning 

Mathematics Anxiety scores. These expectations are not supported by the 

results from the two studies which included a measure of emotionality. 

There were no significant differences, for either males or females, in the 

correlations obtained between Learning Mathematics Anxiety and 

Emotionality (Liebert & Morris, 1967) and between Mathematics Evaluation 

Anxiety and Emotionality. Nor were there differences in the correlations 

between the two mathematics anxiety subscales and a measure of situational 

anxiety (State anxiety, Spielberger, 1983). These results clearly indicate that 

theories which rely solely on emotional measures are insufficient. 
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From a cognitive perspective of mathematics anxiety, the relationship of 

worry and intrusive cognitions to mathematics anxiety is central. Such an 

approach would lead to the expectations that worry and mathematics anxiety 

would be strongly correlated and that high mathematics anxious subjects 

would report more negative cognitions than those who were less 

mathematics anxious. Liebert and Morris' (1967) measure of worry did not 

correlate more highly with mathematics evaluation scores than with 

Learning Mathematics Anxiety scores. Also, Worry did not correlate more 

highly with mathematics anxiety than did Emotionality. The most consistent 

finding from all three cognitive measures was that high mathematics anxious 

students reported more self-referent negative thoughts than did low 

mathematics anxious students. Females in both the high and low 

mathematics anxious groups reported more of this type of thought than did 

males. The expectation that high mathematics anxious students would report 

more off-task or irrelevant thoughts than low mathematics anxious students 

was confirmed by the data from the cognitive checklist but not by thought

listing. 

The data from the present studies indicate that mathematics anxiety is neither 

purelY"Can emotional reaction nor a particular pattern of thinking. The view 

that mathematics anxiety comprises both emotional and cognitive 

components is supported by the regression analyses in Studies 2 and 3. In all 

cases, for both genders and for both RMARS subscales, measures of emotional 

reactions and cognitive measures are important predictors of mathematics 

anxiety. These findings indicate that a single component view of 

mathematics anxiety is inadequate. Clearly there are at least two components 

involved in mathematics anxiety and any mathematics anxiety theory must 

take both cognitive and emotional aspects into consideration. 
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A strictly cognitive theory of mathematics anxiety is inadequate in that such 

a theory gives insufficient attention to the emotional aspect of mathematics 

anxiety, if this component is considered at all. In addition, research based on 

this paradigm has not considered that the patterns of cognitions may be 

different for the two genders. Such differences are evident in the regression 

analyses, which show that cognitions are likely to be more important 

predictors of mathematics anxiety for females than they are for males. In the 

case of the related issue of mathematics performance, the importance of 

cognitions as predictors suggests that a cognitive-attentional theory might be 

more applicable to mathematics performance than to mathematics anxiety. 

Even so, there appear to be differences between the genders that need to be 

taken into account in any such theory. Current theories which have been 

applied to mathematics anxiety are too simplistic. An adequate theory of 

mathematics anxiety needs to include cognitions and emotions. There may 

also be a behavioural aspect to mathematics anxiety which has not been 

investigated in the present research. Future studies should examine this 

aspect and also test whether the variables obtained by the regression analyses 

in Studies 2 and 3 are predictors of mathematics anxiety in other samples of 

university and high school students. Even those who have raised questions 

about-the tripartite definition of attitudes stillacivocate studying affect, 

cognition and past behaviour in order to assess the relative conrtibution each 

of these sources of information makes to an evaluation, or attitude (Zanna & 

Rempel, 1988). 

9.5. Repertory Grid Studies. 

Informal observations of the high school sample and the university 

population from which the samples in Studies 1 and 2 were drawn suggested 
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that anxiety may be only one of a number of negative attitudes towards 

mathematics. It was deemed impractical to develop a series of independent 

scales to measure this range of negative attitudes relative to a wide variety of 

mathematics topics and situations. An alternative tool for exploring these 

attitudes is the Repertory Grid Technique. This method is personal, detailed 

and quantifiable and was used in Studies 4 and 5 to obtain information about 

students' wider ranging attitudes to mathematics. 

9.5.1. Summary of Repertory Grid Studies. 

Principal components analyses of the grids elicited in Study 4 showed that 

anxiety about mathematics was largely confined to the group of female 

subjects who had negative mathematics attitudes. This group used both 

behavioural and emotional constructs to define their mathematics elements, 

with these types of constructs seldom being used by the other three subject 

groups. This suggests, that for females, there is a behavioural aspect 

associated with negative mathematics attitudes. The females with negative 

mathematics attitudes were also more likely than the other groups to use 

constructs which referred to their ability or inability to do or understand 

mathematics. These results are in accord with Gourgey's (1984) finding, from 

a predominantly female sample, that mathematics anxious students tend to 

doubt their ability. For all four subject groups in Study 4, mathematics tests 

and examinations were usually viewed as being different from most other 

mathematics elements. Different constructs were used to describe tests and 

examinations and these elements had high loadings on a separate factor from 

most of the other elements. This presents a strong case in support of the 

factor analyses of the RMARS which showed Mathematics Evaluation 

Anxiety to be a separate factor of mathematics anxiety in Studies 1,2 and 3. 
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analyses of the elements and constructs elicited in Study 4 provided 

the elements and constructs which comprised the grid for group 

administration in Study 5. Anxiety about mathematics was seldom a salient 

construct for either males or females in Study 5. This would be expected 

given the low levels of mathematics anxiety found in Study 3, and 

particularly with the sample 5 which was the top 5th 

mathematics class in the schooL However, female students reacted more 

emotionally to mathematics as indicated by their greater use of salient 

emotional constructs. This may be a reflection of females' greater willingness 

to express emotional reactions. It may also be that female high school 

students do actually react more emotionally to mathematics than do males, 

possibly as a result of having different experiences in mathematics classes 

(Eccles & Jacobs, 1986). 

As in Study 4, mathematics tests and examinations often loaded on a separate 

factor from other mathematics elements. Together the two grid studies 

provided strong support for factor analyses of the MARS and RMARS which 

have also found that items relating to mathematics tests and examinations 

comprise a separate factor from items concerned with learning mathematics. 

Clearly, students have a quite different constellation of attitudes towards 

mathematics tests than they have towards classroom mathematics activities. 

This is realistic given that the requirements of the two types of situations are 

so different. The different demands of mathematics tests and examinations 

were reflected in the constructs which were used to describe them, such as 

"important" and "contributes to grades". 

The grids in both Studies 4 and 5 provide a useful picture of any individual's 

attitudes towards mathematics. The method clarifies which mathematics 

topics and situations are most important to the subject those about which 
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they feel most positive or most negative. Further, the grid gives information 

about what attitudes, beliefs, feelings or behaviours distinguish each element 

from the others. Individually elicited grids are likely to be particularly useful 

in obtaining an individual diagnostic profile which allows treatment to be 

tailored accordingly (Feinberg & Halperin, 1978). A second grid after a course 

of remediation would clearly show any changes in mathematics attitudes. 

Grids with provided elements and constructs could be administered to classes 

of mathematics students at the beginning of the school year and would 

provide an individual mathematics profile for each student. This 

information would alert teachers to potential attitude problems, identify a 

student's likes and dislikes with respect to mathematics and give a guide to a 

student's perceptions of his or her mathematical ability and confidence. 

9.5.2. Conclusions from Repertory Grid Studies. 

The results from the Repertory Grid studies put mathematics anxiety in 

perspective. Even among those students who have negative feelings about 

mathematics and have high mathematics anxiety scores, anxiety is not often a 

salientconstruct. The greatest value of a grid representation of attitudes to 

mathematics is the fine-grained and individual picture which a researcher is 

able to obtain. It overcomes the limitations of much research which, in 

reporting results as averages, often may conceal as much as it reveals and 

provides, according to Jahoda (1988, p.4), 'a quantifiable description of 

individual uniqueness'. 

Salient grid constructs can be categorised as being emotional ('tense' ,'enjoy'), 

cognitive ('can do', 'can not understand') or behavioural ('aVoid', 'work 

hard '). Some constructs, classed as 'intellectual' by Chapman (1974, in 
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Thomas & Harri-Augstein, 1885) could also be seen as task related cognitions 

('abstract', 'relevant'). These distinctions would not be viewed as legitimate 

by Kelly, for whom a construct was a discrimination rather than a thought or 

a feeling (Bannister & Fransella, 1980). In fact, as Bannister and Fransella 

have pointed out, Kelly did not accept that the distinction between cognition 

and emotion was a valid one. However, it is interesting to note that the 

salient constructs obtained from both grid studies fall into very much the 

same three categories suggested by a three component view of attitudes 

(Rosenberg & Hovland, 1960). Grids, then, have the advantage of giving 

information about what types of salient constructs are used by a person to 

distinguish between mathematics elements. Grids can elucidate whether a 

person's responses to salient mathematics elements are emotional, self

referent cognitions, task related cognitions or intellectual constructs, 

behavioural constructs or, as appears more likely from the present research, 

some particular combination of these. 

The results of both of the present grid studies showed that more cognitive 

and emotional constructs were used to describe mathematics elements than 

were behavioural constructs. If constructs referring to ability such as "can 

understand" are viewed as self referent cognitions, then cognitions are the 

most frequently used type of construct. It appears, then, that attitudes to 

mathematics are dominated by cognitions rather than emotions. Even when 

emotional constructs are used, anxiety is seldom one of them with "boring" 

and "enjoy" being more common. Behavioural constructs are used 

infrequently, but this may not mean that they are unimportant as, for 

example, where avoidance behaviour maintains anxiety by preventing the 

opportunity for positive experiences. The behavioural aspect of mathematics 

attitudes may be more important for some subjects than others (e.g. females, 

Study 5) or for disliked elements. 
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9.6. Limitations to the Present Research. 

As the present mathematics anxiety studies are not longitudinal, little is 

known about the changes in mathematics anxiety which might occur as 

students progress through high school and on to university. No information 

was obtained about mathematics anxiety among younger high school or 

primary school children, and this leaves the mathematics attitudes of 

younger New Zealand students virtually unexplored. Research needs to be 

conducted which examines the mathematics attitudes of a representative 

sample of primary school children and a series of longitudinal studies would 

also provide valuable data. The present studies might be criticised for 

considering too many variables. It may have been better, for example, to have 

concentrated on the relationship between cognitions and mathematics 

anxiety. Meichenbaum and Butler (1980) have pointed out that the meaning 

individuals attach to cognitions is important as are the cognitive structures 

and processes involved. The present studies do not provide this information, 

in that they offer little more than a tally of cognitions. 

Criticisms could be levelled at at least two of the instruments used in the 

present series of studies, the Trait Anxiety Scale and the Worry subscale of 

Liebert and Morris' (1967) Worry-Emotionality Scale. Chaplin (1984) noted 

that there was stronger validity for the state anxiety measure than for the trait 

anxiety measure and cautioned that the trait anxiety scale may not measure 

that personality characteristic. Morris, Davis and Hutchings (1981) have 

devised a version of the Liebert and Morris' Worry scale which has improved 

discriminant validity over the original and which should be used in its stead. 

In spite of the limitations of these two measures they were used so that the 

results of the present studies could be compared with other research which 

also used these measures. It is also not usual to use several different 
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cognitive measures in the same study. Although Meichenbaum and 

\..a.Im~ro!n (1981) suggested that it might be good practice to do this, it is also 

possible that the thought-listing procedure made the subjects more aware of 

their cognitions than they would otherwise have been, thus inflating the 

of cognitions subsequently recorded on the cognitive checklist. 

samples were used in the grid studies, especially in group 

administration of the grid. This is not a major drawback given that the main 

interest was in individual profiles rather than in average or group results. 

The time-consuming nature of the elicited grid was overcome by providing 

constructs and partially providing elements for the grids used in Study 5. 

Although the sample used in that study was small, group administration of 

this type of grid should be no more difficult with a much larger class. 

However, the that was used for this study was well-motivated and 

cooperation might be more difficult to obtain with other groups or with 

younger students. 

9.7. Directions 

Mathematics anxiety research needs to address the issues of the cognitive, 

affective and behavioural components of mathematics anxiety. Even if an 

attitude is viewed as a single component as Zanna and Rempel (1988) have 

done affect, cognition and behaviour cannot be ignored. This in turn creates a 

need for reliable and valid measures of each component, a problem which 

continues to beset anxiety research (Last 1988). Zanna and Rempel 

(1988) make some recommendations which include asking subjects to rate 

relevant feelings, beliefs and behaviours. behavioural aspect of 

mathematics anxiety has not been considered in either the present studies or 
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in previous research and needs to be addressed in future research. So far, 

little is known about the contribution each of the three components makes to 

mathematics anxiety or about the way in which they interrelate. From the 

single component perspective of attitudes, the relative contributions of affect, 

cognition and behaviour to the evaluation of an attitude object also need to 

be explored. Until more is known about these relationships, there is little 

hope of creating an adequate model or theory of mathematics anxiety. 

Further knowledge about these three components, or bases, of attitudes is also 

needed so that mathematics anxiety treatment programmes can be directed at 

altering those aspects which contribute most directly to mathematics anxiety 

and performance. 

Longitudinal studies which would give much needed information about 

changes in the levels of and the nature of mathematics anxiety as students 

progress through school are still required. Knowledge about when and why 

mathematics attitudes start to deteriorate would be valuable in any attempts 

to prevent its occurrence. More mathematics anxiety research also needs to be 

done with primary school pupils, particularly in New Zealand where such 

data are virtually non-existent. Finally, one recommendation for all 

researchers who use any of the family of MARS sdiIes is that the scoring be 

altered so that 'not at all' anxious is scored zero, rather than the present score 

of one, and 'very much' anxiety is given a score of four, instead of five. This 

would allow mathematics anxiety scores to reflect levels of mathematics 

anxiety more accurately and would reduce the number of occasions when 

students were inappropriately labelled as mathematics anxious when these 

scales were used. 

It may be time to tum away from mathematics anxiety to the examination of 

more general attitudes about a wider range of mathematics situations than 
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are included in existing mathematics anxiety scales. The Repertory Grid 

Technique is a useful tool for this purpose and further research using this 

method is recommended. It may be that the information yielded by the grid 

is of purely academic interest. The findings from mathematics grids need to 

be tested by both teachers in classroom settings and by counsellors as tools for 

guiding and assessing remediation in order to find out whether grid data are 

useful for them. 

9.8. Some Final Words. 

Although it is likely that there are other school subjects about which some 

students feel anxious, mathematics is the only subject to have generated its 

own body of attitudinal and anxiety research. Mathematics anxiety may be 

different from anxiety about other subjects, as indicated by the lack of 

association between mathematics anxiety and English anxiety (Marsh 1988). 

In addition, the correlations obtained in Studies 2 and 3 have shown that 

mathematics anxiety is different from test anxiety. 

Mathematics anxiety has gained, and appears to des~rve, separate status from 

other types of anxiety. It is particularly deserving of attention because of the 

important part that mathematics plays in much high school and tertiary 

education. Students who are sufficiently anxious about mathematics may 

avoid taking the subject, or other subjects with mathematical components, 

thus seriously limiting their educational and career choices. 

Previous research has suggested that many students suffer from mathematics 

anxiety with the problem reaching phobic proportions in some cases. The 

present research does not support this view. In samples of both high school 
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and first year university students, few subjects reported high levels of 

mathematics anxiety. However, even if the problem is not as widespread as 

earlier research has claimed, identifying those who suffer from it is 

important. Recognising that a student suffers from mathematics anxiety may 

be the first step in providing remediation which, in tum, should open new 

horizons for the student and free him or her from the constraints that 

mathematics anxiety imposes. 

For a itrying to understand more about negative attitudes towards 

mathematics, mathematics anxiety is only part of the problem. For example, 

students may dislike mathematics but not be anxious about the subject and in 

these cases mathematics anxiety scales such as the RMARS are inappropriate. 

The Repertory Grid, used in Studies 4 and 5, is a tool which can uncover each 

student's perspectives about mathematics. Using this technique gives a wider 

view of negative attitudes towards mathematics. It may show that a:QI~ullu:4:ent's 

predominant concerns are about her/his lack of ability while arlother s~s 

mathematics as boring and irrelevant. In each case, treating the subject as 

mathematics anxious would be counterproductive. For the first student, 

efforts to change her/his mathematics attitude would focus on improving 

mathematics skills and confidence while the second~would need to be shown 

how mathematics could be applied to practical real life situations. 

In summary, while mathematics anxiety is a useful and important construct, 

it is only one of a range of negative attitudes towards mathematics. The 

present research indicates that it is overly simplistic to assume that students 

who dislike mathematics are invariably anxious about the subject. The 

Repertory Grid moves beyond mathematics anxiety and allows the 

examination of individual patterns of attitudes towards mathematics. The 



317 

information gained in this way can be subsequently be used as a guide to the 

appropriate remediation of negative mathematics attitudes. 

The present research has shown that mathematics anxiety is complex. The 

data in the present series of studies show that mathematics anxiety is different 

for males and for females and that it bears little relationship to mathematics 

performance. It is a phenomenon which appears to be neither purely 

affective nor exclusively cognitive and may also include behavioural aspects 

which were not considered here or in previous studies. While researchers 

might be tempted to explore the possible applicability of a Three Systems 

Model to mathematics anxiety, problems of the definition and measurement 

of these systems remain unresolved (Hugdahl, 1981). A more profitable 

perspective may be to concentrate on the distinctions that individuals use to 

differentiate mathematics topics or situations from each other. The Repertory 

Grid Technique allows each person his or her own particular combination of 

affective, cognitive and/or behavioural discriminations among mathematics 

elements. The method also allows subjects to choose items (elements) which 

are relevant for them, a flexibility not present with other scales. The 

Repertory Grid Technique provides a way of looking at mathematics which 

would both enable and encourage researchers to move beyond the confines of 

mathematics anxiety to the study of a wider range of mathematics attitudes. 

The method provides a view which is broader, more detailed and more 

personal than can be obtained with measures which are used at present. It 

appears to have considerable potential for future research. 
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5. 

6. 

7. 

8. 

9. 

REVISED MATHEMATICS ANXIETY 
AND AMENDED RMARS 

list gives brief descriptions of situation involving 
of anxiety that you would experience in each of these 

Not at 

a teacher work an algebraic equation on the 
o 

'" 
Readinl! and internretin 2" 2"ranhs or 

Signing up for a maths course. 

Listening to another student explain a 

Walking into a math class. D 

Looking through the pages a math text. D 

Starting a new chapter in a math 

Walking on campus and thinking about a course. 
Walking to class and about a maths course. '" 0 

A 
1 e 

D 

0 

0 

A 
amount 
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D 

D 

D 

D 

D 

0 

0 

D 

D 
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D 
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w 
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APPENDIX A (contd.). 

Not at A A fair Very 
all little amount Much much 

10. Picking up a math textbook to begin 
working on a homework assignment. 0 0 0 0 0 

11. Reading the word "statistics". 0 0 0 0 0 

12. Working on a mathematical problem, such as: "if 
x = outstanding bills and y = total income, calculate 
how much you have left for recreational expenditure 0 0 0 0 0 

13. Reading a formula in chemistry. 0 0 0 0 0 

14. Listening to a lecture in a math class. 0 0 0 0 0 

15. Having to use the tables in the back of a math book. 0 0 0 0 0 

16. Being told how to interpret probability statements. 0 0 0 0 0 

17. Being given a homework assignment of many difficult 
problems which is due next class meeting. 0 0 0 0 0 

18. Thinking about an upcoming test one day before. 0 0 0 0 0 

19. Solving a square root problem. 0 0 0 0 0 

20. Taking an examination (quiz) in a math class. 0 0 0 0 0 

w 
w 
w 



APPENDIX A (contd.). 

Not at 
all 

21. Getting ready to study for a math test. D 

22. Being given a "pop" quiz in a math course. D 

23. Waiting to get a math test returmed in which you 
expected to do well. D 

24. Taking an examination (final) in a math course. D 

"'amended RMARS items, Studies 2 & 3. 

A A fair 
little amount 

0 D 

D D 

D D 

0 0 

Much 

D 

D 

D 

D 

Very 
much 

D 

D 

0 

D 

w 
w 
+:>. 



Listed below are .,ouo ... ", 

MATH TYPE 

Arithmetic 
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APPENDIXB. 

of mathematics. Please indicate how 
mathematics. 

AMOUNT OF WORRY/ANXIETY 
FELTABOur THIS TYPE OF MATHS. 

none a 
greatdea1 

Scales were provided for arithmetic, algebra, calculus, geometry and statistics. 



1,) Instructions read to subjects at the 
See page 169. 

2,) First thought-listing measure. 

of the research. 

You have just been asked to attempt some mathematical problems. 
Please write down everything you thought about since you were told 
this. Write your first thought on line, the next thought on 
the next line, and so forth, until you recorded all the thoughts 
that occurred. 
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3.) Test Anxiety Scale (Liebert Morris, 1967). 

Each of the following items a feeling which you might have about 
the test you are going to do. show how you feel RIGHT NOW, that is 
in relation to this test. Use the to indicate whether the feeling is very 
strong, whether you do not have that feeling at all (Le. the item does not 
describe your feelings) or whether your is part way between these two. 

1.) I do not feel very confident about my performance on this test. 

L __________ L __________ ~ 
------~----------~ 

Feeling is 
very strong 

Does not describe 
my feelings at all 

2.) I am worrying a great deal about this test. 

L __________ L 

Feeling is 
very strong 

___ L __________ J___ __~ 

Does not describe 
my feelings at all 

3.) I find myself thinking about how much brighter the other students are 
than I am. 

~___ _ ____ L __________ L __________ ~______ ~ 

Feeling is Does not describe 
very strong my feelings at all 

4.) I am thinking what will happen if I fail this test. 

L ___ _ 
Feeling is 
very strong 

__ L __________ L __________ ~___ __J 

Does not describe 
my feelings at all 

5.) I feel I may not be as well perpared for this test as I could 

L __________ L 

Feeling is 
very strong 

---~----------~ ----~ 
Does not describe 
my feelings at all 

6.) I am so nervous that I cannot remember facts which I already know. 

L_ 
Feeling is 
very strong 

_L __________ ~ __________ ~_ _ _____ ~ 

Does not describe 
my feelings at all 



7.) I feel my beating fast. 

L __________ L __________ ~ ___ _ 

Feeling is 
very strong 

8.) I am so my stomach upset. 

L_____ _ __ L __ _ _ __ -L __ 

Feeling is 
very strong 

9.) I have an uneasy upset feeling. 

L- _______ L__ -------~--__ 
Feeling is 
very strong 

10.) I feel very panicky about taking this test. 

__ .1____ __..J 

Does not describe 
my feelings at all 

____ .1___ _ ___ -' 

Does not describe 
my feelings at all 

__ ..1 __________ -' 

Does not describe 
my feelings at all 

L __________ l. ________ -L __________ .1 __________ -' 

Feeling is 
very strong 

Does not describe 
my feelings at all 

Note: items one to five measure Worry and items six to ten measure 
Emotionali ty. 
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4a) Mathematics task: items 1 to 16 of the ACER Advanced Test, 
Form BQ. Used in Study 2 and with 7th Form students in Study 3. 

I. A nflhalilraining SllUild was tlrawn lip in II slraighl line. Janet was eighlh from the lefl and Ihird 
frumlhe right. lIow many werc in Ihe line? .................................................................. . 

1. fintllhe missing number in Ihe fullowing sequence. 
(III , 59 , 52 , 47 , 44 • ? ....................................................................... . 

3. Find Ihe nllmher Ilwl shuliitl he inlhe slluare wilh Ihe llueslion lIIarl!.. 

• 9 27 

2 . III 

I 3 ? 

4. In a parlicular cuLle of foolhall 11 'gual' is wurlh eighl puinls and all 'oltelllpl' is wnrlh one puint. A 
winning Ie am SCUI eLl7 goals anti 4 allcmpls alllilhe leamlhal iI beallosl by Ihree poinls and scored 
5 goals. lIow many allcmpls LliLllhe lusing leam scure? ................................................... . 

5. Find Ihc III'" mis.'ing IIulllhcrs illlhc fullowillg SCLJ"CIICC. 

21 19, 23 , 17 , 25 , '1 , '1 • 13 ................................................. & 

6. Two IIl1l11hers 1II1111ipliealiogelher cllmc 1048 alltl when olle is divided by Ihe olher Ihe result is 3. 
Whal are Ihe IWO nUlllbers? ................................................................................... & 

7. FinLllhe number Ihul shuulLl he inlhe square wilh Ihe queslion mark. 

2 4 . 
I 1 4 

• 6 12 

II. Find Ihc 111'0 missing mllJlhcrs inlhc fullowingscqucllcc. 
21 • 26 • '1 , '1 , 27 , 32 , 3U , 35 ................................................. & 

9. f\ huy shall:d slime chuculale hars wilh his Ihree fa ientls. To Ihe firsl he gave half nf whal he hatl, lu 
Ihc secullli he gave half Ihe remainLlcr. The Ihirtl friend was given half nf whal he had Icft over. 
If Ihc hoy hud half II chucolale bur fur himself, huw many chocolale bars did he slllri wilh1 

10. Fia"III'!: \IIissing IIlImher inlhe fulluwillgseqllence. 
69 , 1 , 311 , 27 , 19 , 14 ........................................................................ 'I 

II. In II III IKNI mcllc rIIl:C. hllw many \IIllIC laps wUlllainceallo he rlInlln II lrilck 41Mlmclrcs inlcnglh 
Ihall lin 11 land. III 5IMllnchc:;'1 .................................................................................. .. 

11. Find Ihe lIumber Ihal shuulLlbe inlhe sqllare wllh Ihe llueslion mark. 

. :\ 9 

2 • 18 

4 12 1 .................................................. 

U. If a car is Iravelling al I kilomelre a minule, BIILI IIlruck III 20 kilomelres per hour, how mBny limes 
liS fur liS Ihe Iruck willihe eRr Iravel in lell secoIILls1 ....................................................... .. 

14. Find Ihe missing numbcr inlhc folluwing sequellce. 
24 , 27 , 9 , III • 21 • 7 • 14 , 1 .................... : ................................. . 

15. In n Icsl n sludenl had 4 II"cslioliS wrong, hul gnincd 75 pcr CCIII. 
Ilow lIIan), ljuesliuns were CllHel:l? ............................................................................ .. 

86. finLlthe nUlllher Ihal shuuld be inlhe squllle willa Ihe quesliulllllark. 

IU " '/ 

. 3 12 

8 . II I' 
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4b) Mathematics task: items 1 to 16 of the ACER Higher Test, 
Form PQ. Used with 4th Form to 6th Form students in Study 3. 

a. Filld Ihe lIIissilllllllllllhcr illihe fllllllwillll~e'llIencc. 
III • 27 • '/ ,.1 I .................................................................................... . 

1. K,IWII is 20 Id III III C I res frlllll Waipi. If a Irnilllrnvcls 111611 kiluilletres per huur, huw milny minutcs 
dllcs il lUke hI gel frlllll KIIWII hI Waipi'/ ....................................................................... . 

3. FinJ Ihe lIulllhcr Ihal slllllllJ he inlhe square wilh Ihe 'I"eslillnmaric 

I • 9 

. 14 III 

1<) 2) ./ 

4. Filld 1111: missillg 1111111 her illihe follllwillg sequcnce. 
9 '! Ill. 5 II. CJ ........................................................................... . 

S. 1\ phlllllgntplll:r [lIlIlId Ilml hc had IIIIIIIIIIV ,Iway 21111111[ cvery:l phlllliS he hllik 1111 a pllnklilar fillll 
hecallSl' 11\l'y wele hili .1m I.. If Ill: (,.'·pl II phllhlS. hllw IImllY phlllll.~ ilill he la(,.e nllilgelhc(/ 

6, Filld Ihe Illissillgllllillher illihe fllllilwillgselillclice. 
I • 5 '! 125, CJ25 ................................................................................ .. 

7. Filllilhe II II IIIher I hal shllllhi he illihe sll'mre wilh Ihe 'Ilieslilllllllllrk. 

./ 17 II 

19 IJ . 
15 · ) 

II. A hakery IIIlIkcs Iwicc liS lIIallY fruil cakes as spllilge cakes II Jay. If Ihe IIl1l11her IIf fruil alltl sJlllnge 
cakes per tlay 1111,11 )6, hllw IImllY llf Ihese arc frllil cakes1 ................................................ . 

9. III Ihe follllwilig sllhiraclillil exercise, Sllllle llf Ihe IIglires arc Illissillg. FinJ Ihe lIulllher which 
shllilid he ill Ihe place llf Ihe qllcslillllllHII k. 

:I 7 4 
./ 7 

2 II • 6 

10. Filld Ihe missinlllllllllher in Ihe fllllmvilig seqllellce. 
·H , 22 ,:W III ./, ~ , 2 ................................................................. . 

II. Filld Ihe lIulliher Ihal sholiid he ill Ihe sqllare wilh Ihe 'Iliesiiolllllark . 

.lCJ • IH 

12 2~ ./ 

• II ICJ 

U. 011 pricillg Ielevisioll sels iI is fllllnd Ihallhe hesl sci cllsls 25 per cenllllore II\Unlhe lIexl·hesl scI. 
If Ihe IIlhcr sci cmlS $/IIKI, whal is Ihe price llf Ihe hesl scI'! .............................................. .. 

13. One-Ihird IIf II,,: canoes in il hllalshetllcaketl. The rCllIaillillg 411 were sOlillti. 
Iluw IIlIlIly leaketl·/ ................................................................................................. . 

14. filltllhc Illissillll"llnll":r illihe fllllllwillgseqllcllce . 
.5 ,'/ II 1<), J:i .................................................................................. . 

IS. A tllIlldllllllclltlelllY hilS fees of $4.5 pCI' ICrIIl fllr each 51mlenl. If IIIllre Ihall IIlle child fnuilil falllily 
1I1h:llIls Ihe Ill·,lIlcIllY. Ihe sccontl fcc is 'f., IIf Ihe firsl, Ilntllhe Ihlrtl fcc is Jt. llf Ihe SCCUllti. If Ihree 
chihircil fnllllllilc falilily IIl1emlllll: IIcatlclIlY, hllw IIll1Ch will iI Cllsl fllr Ihc Ihird L'hiltllu illlclIll fllr 
IIlIe lelill'! ............................................................................................................. . 

Iti. Filllllhc IIll1uhcr Ihal sholiid hc illlhcMl'mrc wilh Ihe IllICSliuu lIlark . 

II • 5 

. 13 J 

7 II ./ 

I: . 
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5.) Second thought-listing measure. 

Please write down everything you thought about while working on 
the task during the last three to five minutes before being 
interrupted. Write your first thought on the first line, the next 
thought on the next line, and so forth, until you have recorded all 
the thoughts that occurred. 
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6.) Cognitive Checklist (Zatz & Chassin, 1983). 

The following is a list of thoughts that you might have had during 
the last few minutes you were working on the mathematics problems. 
Please circle each thought that you had. 

1. I thought 'I usually catch on quickly to new things.' 
2. I thought 'I do well on tests like this'. 
3. I thought 'I am too dumb to do this'. 
4. I thought 'Pretty soon I'll get to do something else'. 
5. I thought 'Try a different plan'. 
6. I thought 'I am sure to do fine on this'. 
7. I thought 'I wish I was with my friends'. 
8. I thought 'Work faster'. 
9. I thought 'I am able to do well on different things'. 
10. I thought 'I am doing poorly', 
11. I thought 'I have a bad memory'. 
12. I thought 'Everyone usually does better than me'. 
13. I thought 'I don't do well on tests like this'. 
14. I thought 'I am hungry', 
15. I thought 'Stay calm and relaxed'. 
16. I thought 'One step at a time'. 
17. I thought 'I must be making many mistakes'. 
18. I thought 'This test is easy for me to do'. 
19. I thought 'I have a plan to solve this'. 
20. I thought 'I can't do this - I give up'. 
21. I thought 'I am bright enough to do this'. 
22. I thought 'I can't seem to sit still'. 
23. I thought 'I usually do better than the others'. 
24. I thought 'The others probably think I'm dumb'. 
25. I thought 'Don't think about anything but solving the problem'. 
26. I thought 'I wish this was over'. 
27. I thought 1 wonder what she is going to find out about me'. 
28. I thought 1 keep on day-dreaming'. 
29. I thought 1 am doing the best I can'. 
30. I thought 'Pay attention'. 
31. I thought 'I've almost got it now- keep working'. 
32. I thought 1'm doing worse than the others'. 
33. I thought 1 am doing better than the others'. 
34. I thought 1 am fast enough to finish this'. 
35. I thought 'My mind keeps wandering'. 
36. I thought 'The harder it gets the more I ned to try'. 
37. I thought 'I really feel stupid'. 
38. I thought 'I wish I was somewhere else'. 
39. I thought 'I am nervous and worried'. 
40. I thought 'Keep looking for a solution'. 
Self referent positive thoughts: items 1,2,6,9, 18,21,23,29,33,34. 
Self referent negative thoughts: items 3, 10, 11, 12, 13, 17, 20, 24, 32, 37. 
On-task thoughts: items 5, 8, 15, 16, 19,25,30,31,36,40. 
Off-task thoughts: items 4, 7, 14, 22, 26, 27, 28, 35, 38, 39. 
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7.) State-Trait Anxiety Inventory (Spielberger, 1983). 

7a.) State Anxiety Scale. 
A number of statements which people have used to describe 
themselves are given below. Read each statement and then circle 
the appropriate number to the right of the statement to indicate how 
you feel RIGHT NOW, that is, AT TE-IIS MOMENT. There are no right 
or wrong answers. Do not spend too much time on anyone statement 
but give the answer which seems to describe your present feelings 
best. 

~ <: 0 
d tT1 

a !.J) tT1 ~ 0 

~ ~ ~ ~ 

~ 
tT1 c: 
:E ~ 

n 
> :r: :r: 
l' > (f) !.J) 

l' ~ 0 0 

1. I feel calm ....................... 1 2 3 4 
2. I feel secure ...................... 1 2 3 4 
3. I am tense ....................... 1 2 3 4 
4. I feel strained .................... 1 2 3 4 
5. I feel at ease ...................... 1 2 3 4 
6. I feel upset .. .......................................... 1 2 3 4 
7. I am presently worrying over 

possible misfortunes .............. 1 2 3 4 
8. I feel satisfied .......... .. ................ 1 2 3 3 
9. I feel frightened .................. 1 2 3 4 
10. I feel comfortable ................. 1 2 3 4 
II. I feel self-confident. .............. 1 2 3 4 
12. I feel nervous .................... 1 2 3 4 
13. I am ji ttery .. "" .................................... 1 2 3 4 
14. I feel indecisive .................. 1 2 3 4 
15. I am relaxed ...................... 1 2 3 4 
16. I feel confident .................... 1 2 3 4 
17. I am worried ..................... 1 2 3 4 
18. I feel confused .................... 1 2 3 4 
19. I feel steady .................. II .................... 1 2 3 4 
20. I feel pleasant. .................... 1 2 3 4 
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7b.) Trait Anxiety Scale. 
A number of statements which people have used to describe 
themselves are given below. Read each statement and then circle 
the appropriate number to the right of the statement to indicate how 
you GENERALLY feel. There are no right or wrong answers. Do not 
spend too much time on anyone statement but give the answer which 
seems to describe your present feelings best. 

:> 
:> E r-' 
~ 

0 @ 
@ >-1 
>-1 ~ :> 
Z 0 r-' >-1 ~ tTl §: ~ ~ :> 

tTl tTl -< :;oJ c.n Z c.n 

1. I feel pleasant. .................. 1 2 3 4 
2. I feel nervous and restless .......... 1 2 3 4 
3. I feel satisfied with myself ....... 1 2 3 4 
4. I wish I could be as happy as others 

seem to be ...................... 1 2 3 4 
5. I feel like a failure .................. 1 2 3 4 
6. I feel rested ...................... 1 2 3 4 
7. I am "cool, calm and collected" ..... . 1 2 3 4 
8. I feel that difficulties are piling up 

so that I cannot overcome them ...... 1 2 3 4 
9. I worry too much over something 

that really doesn't matter ........... 1 2 3 4 
10. I am happy ...................... 1 2 3 4 
11. I have disturbing thoughts .... . .. 1 2 3 4 
12. I lack self-confidence ............... 1 2 3 4 
13. I feel secure ...................... 1 2 3 4 
14. I make decisions easily ............. 1 2 3 4 
15. I feel inadequate ................... 1 2 3 4 
16. I am content ...................... 1 2 3 4 
17. Some unimportant thought runs 

through my mind and bothers me ... 1 2 3 4 
18. I take dissapointments so keenly that 

I can't put them out of my mind .... 1 2 3 4 
19. I am a steady person ............... 1 2 3 4 
20. I get in a state of tension or turmoil 

as I think over my recent concerns 
and interests ...................... 1 2 3 4 



8,) Achievement Anxiety Test (AAT, Alpert Haber, 1960). 

For each of the following statements, put a on one of the five 
points of the corresponding scale as it to you. 

1. Nervousness while taking an exam or hinders me from doing 
well. 

L _________ -1 ___________ !_ _____ ~ __________ J 

Nervousness always 
hinders me 

Nervousness never 
hinders me 

2. I work most effectively under pressure, as when the test is very 
important. 

L _________ ~________ _L _________ ~ __________ ~ 

Always effective Never effective 
under pressure under pressure 

3. In a course where I have been doing poorly, my fear of a bad grade 
cuts down my efficiency. 

L _________ ~ _____ _ 

My fear never cuts 
down my efficiency 

_ _____ L _________ ~ 

My fear always cuts 
down my efficiency 

4. When I am poorly prepared for an exam or test, I get upset and do 
less well than even my restricted knowledge should allow, 

L _________ -1 __ 

This never 
happens to me 

_ ____ L __________ L _________ ~ 

This almost always 
happens to me 

5. The more important the examination, the less well I seem to do. 

L_ -I __ 

I always do less well 
in important exams 

___ L __________ L__ _J 

I never do less well 
in important exams 
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6. While I may (or may not) be nervous before taking an exam, once I 
I seem to forget to be nervous. 

L_ _L _________ ~ ______ _ 

I always forget 
to be nervous 

__L__ _ __ .J 
I am always nervous 
during an exam 
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7. During exams or tests, I block on questions to which I know the 
answers, even though I might remember them as soon as the exam 
is over. 

L __________ L_ _ ___ --' ___________ -' __________ ..J 

This always happens 
tome 

I never block on 
questions to which 
I know the answer 

8. Nervousness while taking a test helps me to do better. 

L __________ L 

Nervousness 
never helps 

--------'--------
_L _________ ...l 

Nervousness 
often helps 

9. When I start a test nothing is able to distract me. 

L______ _ __ L _________ --' __ _ 

This is always 
true of me 

_ ___ I __________ ...J 

This is not 
true of me 

10. In courses in which the total grade is based mainly on 
seem to do better than other people. 

exam, I 

L __________ L_ ______ --' ___________ 1 __________ .....1 

I never do better 
than others 

I almost always 
do better than others 

11. I find that my mind goes blank at the beginning of an exam and 
that it takes me a few minutes before I can function. 

L __________ L _________ ~ __ _ _ ___ I __________ ...J 

I almost always 
blank out at first 

12. I look forward to exams. 

L__ _ ____ L ____ _ 

Never 

I never blank 
out at first 

...J __________ ...J __________ ...J 

Always 

13. I am so tired from worrying about an exam that I find I almost 
don't care how well I do by the time I start the test. 

L ____ _ 

I never 
this way 

___ L _________ J __________ -'_ _ ______ .....1 

I almost always 
feel this way 



347 

14. Time pressure on an exam causes me to do worse than the rest of 
the group under similar conditions. 

L __________ L_ _ ____ L _________ ~_ _~ 

Time pressure always 
seems to make me do 
worse than others 

Time pressure never 
seems to make me do 
worse than others 

15. Although "cramming" under pre-exam tension is not effective for 
most people, I that if the need arises, I can material 
immediately an exam, even under considerable pressure, and 
successfully it to use on the exam. 

L __________ L 

I am always able 
to use the "crammed" 
material successfully 

I am never able 
to use the "crammed" 
material successfully 

16. I enjoy taking a difficult exam more than an one. 

L_____ _ __ ~_ _ ______ L ___ _ 

I always enjoy a 
difficul t exam 

--1- _________ -1 

I never enjoy a 
difficult exam 

17. I find myself reading exam questions without understanding them 
and I must go back over them so that they will make sense. 

L __________ L _________ -' ___________ 1 __________ -.1 

I never to go back I almost always have 
over exam questions to go back over exam 

questions 

18. The more important the exam or test, the better I seem to do. 

L_ _ ____ L _________ ~__ _ ______ ~----------_.J 

This is true This is not true 
of~ of~ 

19. When I don't do well on a difficult item at the beginning of an 
exam, it tends to upset me so that I block on even easy questions 
later on. 

L _________ -L _________ -' __________ -L _________ ~ 

This never This almost always 
happens to me happens to me 

Debilitating Anxiety Scale (AAT-): items 1, 3,4,5,7, 11, 13, 14, 17, 19. 
Facilitating Anxiety Scale (AAT+): items 2, 6,8,9, 10, 12, 15, 16, 18. 
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9.) Amended version of the Revised Mathematics Anxiety Rating 
Scale. Appendix A). 

10.) Measure of levels of anxiety aroused 
mathematics (see Appendix B). 

different types of 
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APPENDIXD 

GRID WITH PROVIDED ELEMENTS AND CONSTRUCTS FOR USE IN 
STUDY 5. 

1.) Elements. 

Instructions: I would like to find out how you feel about several 
mathematics activities and situations. Will you read the sentence on the 
right hand side of the page and then write in the numbered boxes what each 
sentence suggests to you. If, when you have finished, you can think of any 
other mathematics activities or situations that you feel particularly good or 
bad about you can include them in the blank boxes at the foot of the page. 
Please put only one activity or situation in each box. Do not use the same 
activity or situation more than once. 

----_. "-. --~---'--- - ---' -.---_ .. ---_._-._-- ------. 
1 
M _AJtlEAM TI~1iMMIN:~ TIONS -----..... -.------------.------1 

THEMATICS 
2 
MA 
3 
----.... -

TE~T$ ______ . __ .. _. -

The 
--

type, topic or area of mathematics 
lik e most. -- "------- ---.. ---- --.--~-~-.- y()~- -' - -. _.- - --- - .- -.. _ .. '-- -- . 

4 

--
5 

6 

7 

_.--

8 

9 

10 

.-.--
11 

The type, topic or area of mathematics 
you lik e next best. 

_.-.------"--- _._-- ----
The t ype, topic or area of mathematics 

ou lik e least. 
type,-tOpIcorarei'ofma thema tics 

e next least. 

- ------

The 
you Uk 

a thema tics class or school-year of 
~~t:~!=sJh~.LY_C!.t.:!J}ave liked best. I 
athematics class or school year of 

Them 
mathe • ___ ·w_.· 

The m 
mathe -------
In am 

m~t!cs. !h!ltyQ!J_ hay_e Ji.k~4J-~~~Li 

or the t a;:':;;~~;e~~~;~~;or::~~:g you .1 _.w __ __ ._ 

In a m 
you or 

athematics class, something else II 

the teacher does that you like. 

I 
In a mC3.thematiescIass;-somethlng you I 

1-__ ~ _____________ .....2r_the t~~cp.e!_9rn:~~ha!'you ~~not like.! 
I In a mathematics class, something els ' 12 

_~3_:~._~_·_---~_-_- ------ --------=r~ ~-th: teacher d~S ::~ do n~~e. 
14 

15------- -------_._-- ----- ---- ----------.. -- -- - ._- -----------------

I -____ ~ __________________ .L __ . ____ ... ~ _____ ~ .......... _~ ___ . __ _.._. ____ .- ~ .. _____ .. ____ _ 
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2.) Constructs. 

Each element was rated on fifteen constructs. An example of an instruction 
for rating elements is as follows. 

Think about each of the mathematics activities and situations in the boxes on 
the first page and decide how SIMPLE you consider each one to be. Circle one 
of the five points and the scale beside each item to indicate how SIMPLE you 
think each one is. 

Example of construct rating scale. 

SIMPLE COMPLEX 
L _____ ~ _____ _L ______ ~ ____ ~ 

Similar instructions and identical scales were given for the following 
construct pairs. 
EASY - HARD 
CHALLENGING - NOT CHALLENGING 
CAN DO - CAN NOT DO 
RELEVANT, PRACTICAL OR USEFUL - NOT RELEVANT 
INTERESTlNG - BORING 
CLEAR - CONFUSlNG 
UNDERSTAND - DO NOT UNDERSTAND 
SATISFYING - FRUSTRA TlNG 
RELAXED - WORRIED, NERVOUS, TENSE 
CONHDENT-NOTCONHDENT 
PLlT IN EFFORT, WORK HARD - DO NOT WORK HARD 
DO NOT A VOID - A VOID 
ENJOY - DO NOT ENJOY 
NO PRESSURE - PRESSURE 
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