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Low achievement and low participation in mathematics are matters of 

concern in many countries; for example, recent concerns in the UK led to the

establishment of the National Numeracy organization in 2012. This topic has 

received increasing focus in recent years, the ever-increasing importance of 

quantitative reasoning in a variety of educational and occupational 

situations, ranging from school examinations to management of personal 

finances. 

Some aspects of mathematics appear to be cognitively difficult for many 

people to acquire; and some people have moderate or severe specific 

mathematical learning disabilities. But not all mathematical disabilities result

from cognitive difficulties. A substantial number of children and adults have 

mathematics anxiety, which may severely disrupt their mathematical 

learning and performance, both by causing avoidance of mathematical 

activities and by overloading and disrupting working memory during 

mathematical tasks. On the whole, studies suggest that attitudes to 

mathematics tend to deteriorate with age during childhood and adolescence 

( Wigfield and Meece, 1988 ; Ma and Kishor, 1997 ), which has negative 

implications for mathematical development, mathematics education and 

adult engagement in mathematics-related activities. Also, while there are 

nowadays few gender differences in actual mathematical performance in 

countries that provide equal educational opportunity for boys and girls, 

females at all ages still tend to rate themselves lower in mathematics and to 

experience greater anxiety about mathematics than do males. It is important

to understand children's and adults' attitudes and emotions with regard to 
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mathematics if we are to remove important barriers to learning and progress

in this subject. 

Many studies over the years have indicated that many people have 

extremely negative attitudes to mathematics, sometimes amounting to 

severe anxiety ( Hembree, 1990 ; Ashcraft, 2002 ; Maloney and Beilock, 

2012 ). Mathematics anxiety has been defined as “ a feeling of tension and 

anxiety that interferes with the manipulation of numbers and the solving of 

mathematical problems in … ordinary life and academic situations” (

Richardson and Suinn, 1972 ). 

Although, many studies treat mathematics anxiety as a single entity, it 

appears to consist of more than one component. Wigfield and Meece (1988) 

found two separate dimensions of mathematics anxiety in sixth graders and 

secondary school students and found two different dimensions: cognitive and

affective, similar to those that had been previously identified in the area of 

test anxiety by Liebert and Morris (1967) . The cognitive dimension, labeled 

as “ worry,” refers to concern about one's performance and the 

consequences of failure, and the affective dimension, labeled as “ 

emotionality” refers to nervousness and tension in testing situations and 

respective autonomic reactions ( Liebert and Morris, 1967 ). 

People have been expressing mathematics anxiety for centuries: the verse “ 

Multiplication is vexation … and practice drives me mad” goes back at least 

to the sixteenth century. From a research perspective, the construct has 

been an important topic of study at least since the concept of “ number 

anxiety” was introduced by Dreger and Aiken (1957) , and has received 
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increasing attention in recent years, in conjunction with the generally 

increased focus on mathematical performance. 

Although, as will be discussed below, it is unclear to what extent 

mathematics anxiety causes mathematical difficulties, and to what extent 

mathematical difficulties and resulting experiences of failure cause 

mathematics anxiety; there is significant evidence that mathematics anxiety 

interferes with performance of mathematical tasks, especially those that 

require working memory. Moreover, whether a person likes or fears 

mathematics will clearly influence whether they take courses in mathematics

beyond compulsory school-leaving age, and pursue careers that require 

mathematical knowledge ( Chipman et al., 1992 ; Brown et al., 2008 ). Thus, 

mathematics anxiety is of great importance to the development and use of 

mathematical skills. It is also important in itself, as a cause of much stress 

and distress. 

This paper will focus on what research has revealed about mathematics 

anxiety in the last 60 years, and what still remains to be learned. We will 

discuss what mathematics anxiety is, and how distinct it is from other forms 

of anxiety. We will discuss its relationship to attitudes to mathematics. We 

will then discuss the relationships between mathematics anxiety and 

mathematics performance and possible reasons for them. We will then 

discuss ways in which mathematics anxiety is measured, both by the 

commonest technique of questionnaires, and by physiological measures. We 

will then discuss some possible factors in mathematics anxiety, including 

genetics, gender, age, and culture. Finally and importantly, we will discuss 
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some implications for treatment. We will conclude with a brief discussion of 

what still needs to be learned. 

Is Mathematics Anxiety Separable from other Forms of 
Anxiety? 
Though, as will be discussed below, mathematics anxiety is closely related to

mathematical performance, it cannot be reduced just to a problem with 

mathematics. It seems to be as much an aspect of “ anxiety” as an aspect of

“ mathematics.” Indeed, before assuming that mathematics anxiety is an 

entity in its own right, it is necessary to consider relationships between 

mathematics anxiety and other forms of anxiety, especially test anxiety, and

general anxiety. Several studies suggest that mathematics anxiety is more 

closely related to other measures of anxiety, especially test anxiety, than to 

measures of academic ability and performance ( Hembree, 1990 ; Ashcraft et

al., 1998 ). Such studies typically show correlations of 0. 3 and 0. 5 between 

measures of mathematics anxiety and test anxiety. 

Mathematics anxiety has also generally been found to correlate with 

measures of general anxiety; and it is indeed possible that this may serve as 

a background variable explaining some of the correlation between 

mathematics anxiety and test anxiety. For example, Hembree (1990) found a

mean correlation of 0. 35 between the MARS and a measure of general 

anxiety. In a behavioral genetic study, to be discussed in more detail below, 

Wang et al. (2014) obtained evidence that genetically based differences in 

general anxiety contribute to genetic differences in mathematics anxiety. 
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However, mathematics anxiety cannot be reduced to either test anxiety or 

general anxiety. Different measures of mathematics anxiety correlate more 

highly with one another (0. 5–0. 8) than with test anxiety or general anxiety (

Dew et al., 1983 ; Hembree, 1990 ; review by Ashcraft and Ridley, 2005 ). 

People may exhibit performance anxiety not only about tests and 

examinations, but about a variety of school subjects. Mathematics is usually 

assumed to elicit stronger emotional reactions, and especially anxiety, than 

most other academic subjects, but this assumption needs more research (

Punaro and Reeve, 2012 ). Although, the general assumption is that people 

show much more anxiety and other negative attitudes toward mathematics 

than other academic subjects, there have not been many studies directly 

comparing attitudes to mathematics and other subjects. 

Certainly anxiety toward other subjects exists, especially when performance 

in these subjects takes place in front of others. People with dyslexia have 

been found to exhibit anxiety about literacy ( Carroll et al., 2005 ; Carroll and

Iles, 2006 ). It is well-known, that foreign language learning and use, 

especially by adults, is often inhibited by anxiety ( Horwitz et al., 1986 ; 

Cheng et al., 1999 ; Wu and Lin, 2014 ). Music students, and even successful 

musicians, often demonstrate music performance anxiety ( Kenny, 2011 ). 

Drawing also elicits performance anxiety and lack of confidence, and there is

a decline in confidence with age, which in some ways parallels findings with 

regard to mathematics. Most young children enjoy drawing, and will often 

draw spontaneously. Many authors report that interest in drawing seems to 

decline in most children at or before the transition to secondary school, and 
https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 7

many older children and adults will insist that they “ can't draw,” even 

though they had drawn frequently and enthusiastically some years earlier (

Cox, 1989 ; Thomas and Silk, 1990 ; Golomb, 2002 ; but see Burkitt et al., 

2010 for somewhat conflicting findings). 

Punaro and Reeve (2012) reported a study that directly compared 

mathematics and literacy anxiety in Australian 9-year-olds and related their 

anxiety to their actual academic abilities. Although, children expressed 

anxiety about difficult problems in both mathematics and literacy, worries 

were indeed greater for mathematics than literacy. Moreover, anxiety about 

mathematics was related to actual mathematics performance, whereas 

anxiety about literacy was not related to actual literacy performance. This 

study would suggest that although mathematics is not the only subject that 

elicits anxiety, anxiety may indeed be more severe, and possibly affect 

performance more, for mathematics than for other subjects. 

Mathematics Anxiety and Attitudes to Mathematics 
Attitudes to mathematics, even negative attitudes, cannot be equated with 

mathematics anxiety, as the former are based on motivational and cognitive 

factors, while anxiety is a specifically emotional factor. Nevertheless, 

attitude measures tend to correlate quite closely with mathematics anxiety. 

For example, Hembree (1990) found that in school pupils, mathematics 

anxiety showed a mean correlation of −0. 73 with enjoyment of mathematics

and −0. 82 with confidence in mathematics. In college students, the 

equivalent mean correlations were a little lower than in schoolchildren, but 

still very high: −0. 47 between mathematics anxiety and enjoyment of 
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mathematics, and −0. 65 between mathematics anxiety and confidence in 

mathematics. 

Mathematics anxiety seems to be particularly related to self-rating with 

regard to mathematics. People who think that they are bad at mathematics 

are more likely to be anxious. Most studies indicate a negative relationship 

between mathematics self-concept and mathematics anxiety ( Hembree, 

1990 ; Pajares and Miller, 1994 ; Jain and Dowson, 2009 ; Goetz et al., 2010 ; 

Hoffman, 2010 ). 

However, as most of these studies are correlational rather than longitudinal, 

it is hard once again to establish the direction of causation: does anxiety 

lead to a lack of confidence in one's own mathematical ability, or does a lack 

of confidence in one's mathematical ability make one more anxious? Ahmed 

et al. (2012) carried out a longitudinal study of 495 seventh-grade pupils, 

who completed self-report measures of both anxiety and self-concept three 

times over a school year. Structural equation modeling suggested that each 

characteristic influenced the other over time, but that the effect of self-

concept on subsequent anxiety was significantly greater than the effect of 

anxiety on subsequent self-concept. The details of the results should be 

taken with some caution, because although the study was longitudinal, it 

was over a relatively short period (one school year) and also a different 

pattern might be seen among younger or older children. However, it provides

evidence that the relationship between mathematics anxiety and 

mathematics self-concept is reciprocal: each influences the other. 
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A closely related construct is self-efficacy. Ashcraft and Rudig (2012) 

adapted Bandura's (1977) definition of self-efficacy to the topic of 

mathematics, stating that “ self-efficacy is an individual's confidence in his or

her ability to perform mathematics and is thought to directly impact the 

choice to engage in, expend effort on, and persist in pursuing mathematics” 

(p. 249). It is not precisely the same construct as self-rating, as it includes 

beliefs about the ability to improve in mathematics, and to take control of 

one's learning, rather than just about one's current performance; but there is

of course significant overlap between the constructs. Studies have 

demonstrated an inverse relationship between self-efficacy and math anxiety

( Cooper and Robinson, 1991 ; Lee, 2009 ). 

Attitudes to mathematics also involve conceptualization of what 

mathematics is, and it is possible that this is relevant to mathematics 

anxiety. Many people seem to regard mathematics only as school-taught 

arithmetic, and may not consider other cultural practices involving numbers 

as mathematics ( Harris, 1997 ). Also, people may not recognize that 

arithmetical ability (even without considering other aspects of mathematics) 

is made up of many components, not just a single unitary ability ( Dowker, 

2005 ). This can risk their assumption that if they have difficulty with one 

component, they must be globally “ bad at maths,” thus increasing the risk 

of mathematics anxiety. 

Most studies of mathematics anxiety have not differentiated between 

different components of mathematics, and it is likely that some components 

would elicit more anxiety than others and that the correlations between 
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anxiety about different components might not always be very high. Indeed, 

studies which have looked separately at statistics anxiety and (general) 

mathematics anxiety in undergraduates have suggested that the two should 

be seen as separate constructs, and differ in important ways. For example, 

as will be discussed in the Section Gender and Mathematics Anxiety, most 

studies suggest that females show more mathematics anxiety than males, 

but there are no gender differences in statistics anxiety ( Baloğlu, 2004 ). 

Prevalence of Mathematics Anxiety 
Estimates of the prevalence of mathematics anxiety vary quite widely, and 

are of course likely to be dependent on the populations being sampled, on 

the measures used (though many of the studies involve similar measures), 

and, perhaps especially, on what criteria are used to categorize people as “ 

mathematics anxious.” Most measures of mathematics anxiety assess scores

on continuous measures, and there is no clear criterion for how severe the 

anxiety must be for individuals to be labeled as high in mathematics anxiety.

Richardson and Suinn (1972) estimate that 11% of university students show 

high enough levels of mathematics anxiety to be in need of counseling. Betz 

(1978) concluded that about 68% of students enrolled in mathematics 

classes experience high mathematics anxiety. Ashcraft and Moore (2009) 

estimated that 17% of the population have high levels of mathematics 

anxiety. Johnston-Wilder et al. (2014) found that about 30% of a group of 

apprentices showed high mathematics anxiety, with a further 18% affected 

to a lesser degree. Chinn (2009) suggested the far lower figure of 2–6% of 

secondary school pupils in England, which may simply indicate the use of an 
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unusually strict criterion for defining pupils as having high mathematics 

anxiety. There is no doubt, even when taking the lowest estimates, that it is 

a very significant problem. 

Relationships between Mathematics Anxiety and 
Mathematics Performance 
Numerous studies have shown that emotional factors may play a large part 

in mathematical performance, with mathematics anxiety playing a 

particularly large role ( McLeod, 1992 ; Ma and Kishor, 1997 ; Ho et al., 2000

; Miller and Bichsel, 2004 ; Baloğlu and Koçak, 2006 ). Mathematics anxiety 

scores correlate negatively with scores on tests of mathematical aptitude 

and achievement, while usually showing no significant correlation with verbal

aptitude and achievement. 

One possible reason for the negative association between mathematics 

anxiety and actual performance is that people who have higher levels of 

math anxiety are more likely to avoid activities and situations that involve 

mathematics. Thus, they have less practice ( Ashcraft, 2002 ), which is in 

itself likely to reduce their fluency and their future mathematical learning. 

Mathematics anxiety might also influence performance more directly, by 

overloading working memory ( Ashcraft et al., 1998 ). Anxious people are 

likely to have intrusive thoughts about how badly they are doing, which may 

distract attention from the task or problem at hand and overload working 

memory resources. It has been found in many studies over the years that 

general anxiety as a trait is associated with working memory deficits (

Mandler and Sarason, 1952 ; Eysenck and Calvo, 1992 ; Fox, 1992 ; Berggren

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 12

and Derakhshan, 2013 ). It would appear likely that if anxiety affects working

memory, it would have a particularly strong effect on arithmetic, as working 

memory has been found in many studies to be strongly associated with 

arithmetical performance, especially in tasks that involve multi-digit 

arithmetic and/or involve carrying (e. g., Hitch, 1978 ; Fuerst and Hitch, 2000

; Gathercole and Pickering, 2000 ; Swanson and Sachse-Lee, 2001 ; Caviola 

et al., 2012 ). Thus, the load that mathematics anxiety and associated 

ruminations place on working memory could be a plausible explanation for 

decrements in mathematical performance. 

Ashcraft and Kirk (2001) found that people with high maths anxiety 

demonstrated smaller working memory spans than people with less maths 

anxiety, especially in tasks that required calculation. In particular, they were 

much slower and made many more errors than others in tasks where they 

had to do mental addition at the same time as keeping numbers in memory. 

DeCaro et al. (2010) asked adult participants to work out verbally based and 

spatially based mathematics problems in either low-pressure or high-

pressure testing situations. Performance on problems that relied heavily on 

verbal WM resources was less accurate under high-pressure than under low-

pressure tests. Performance on spatially based problems that do not rely 

heavily on verbal WM was not affected by pressure. Asking some individuals 

to focus on the problem steps by talking aloud helped to reduce pressure-

induced worries and eliminated pressure's negative impact on performance. 

While Ashcraft's theory emphasizes the ways in which mathematics anxiety 

impairs mathematical performance, some researchers such as Núñez-Peña 
https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 13

and Suárez-Pellicioni (2014) put more emphasis on how pre-existing 

mathematical difficulties might cause or increase mathematics anxiety. Poor 

mathematical attainment may lead to mathematics anxiety, as a result of 

repeated experiences of failure. 

Indeed, it appears that mathematics anxiety is associated not only with 

performance in high-level calculation skills that require the use of working 

memory resources, but also with much more basic numerical skills. For 

example, Maloney et al. (2011) gave high mathematics-anxious (HMA) and 

low mathematics-anxious (LMA) individuals two variants of the symbolic 

numerical comparison task. In two experiments, a numerical distance by 

mathematics anxiety (MA) interaction was obtained, demonstrating that the 

effect of numerical distance on response times was larger for HMA than for 

LMA individuals. The authors suggest that HMA individuals have less precise 

representations of numerical magnitude than their LMA peers; and that this 

may be primary, and precede the mathematics anxiety. In other words, 

mathematics anxiety may be associated with low-level numerical deficits 

that compromise the development of higher-level mathematical skills. 

Núñez-Peña and Suárez-Pellicioni (2014) also found that people with HMA 

showed a larger distance effect as well as a larger size effect (longer reaction

times to comparisons involving larger numbers) than LMA individuals. 

Maloney and Beilock (2012) proposed that mathematics anxiety is likely to 

be due both to pre-existing difficulties in mathematical cognition and to 

social factors, e. g., exposure to teachers who themselves suffer from 

mathematics anxiety. Additionally, they proposed that those with initial 
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mathematical difficulties are also likely to be more vulnerable to the 

negative social influences; and that this may create a vicious circle. 

Studies of the relationship between mathematics anxiety and performance 

also need to take into account that, as stated at the beginning of this paper, 

mathematics anxiety consists of different components, often termed “ 

cognitive” and “ affective.” The cognitive and affective dimensions seem to 

be differently related to achievement in mathematics. For example, in sixth 

graders and secondary school students, the affective dimension of math 

anxiety has found to be more strongly negatively correlated with 

achievement than the cognitive dimension ( Wigfield and Meece, 1988 ; Ho 

et al., 2000 ). It also needs to be remembered that, even before considering 

the non-numerical aspects of mathematics, arithmetic itself is not a single 

entity, but is made up of many components ( Dowker, 2005 ). 

Assessments of Mathematics Anxiety 
So far, we have been discussing mathematics anxiety without much 

reference to the methods used for studying it. However, in order to study 

mathematics anxiety, it is necessary to find suitable ways of assessing and 

measuring it. Most measures for assessing mathematics anxiety involve 

questionnaires and rating scales, and are predominantly used with 

adolescents and adults. The first such questionnaire to our knowledge is that

of Dreger and Aiken (1957) ; and subsequent well-known examples include 

the Mathematics Anxiety Research Scale or MARS ( Richardson and Suinn, 

1972 ) and the Fennema–Sherman Mathematics Attitude Scales ( Fennema 

and Sherman, 1976 ). 
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Some questionnaires, mainly including pictorial rating scales, have since 

been developed for use with primary school children; e. g., the Mathematics 

Attitude and Anxiety Questionnaire ( Thomas and Dowker, 2000 ; Krinzinger 

et al., 2007 ; Dowker et al., 2012 ) and the Children's Attitude to Math Scale (

James, 2013 ). 

The reliability of mathematics anxiety questionnaires has generally been 

found to be good, whether measured through inter-rater reliability, test-

retest reliability or internal consistency. The test whose psychometric 

properties have been most frequently assessed is the MARS, in its original 

form and in various adaptations, and it has been consistently found to be 

highly reliable (e. g., Plake and Parker, 1982 ; Suinn et al., 1972 ; Levitt and 

Hutton, 1984 ; Suinn and Winston, 2003 ; Hopko, 2003 ). 

Good reliability has also been found for other mathematics anxiety measures

such as Betz's (1978) Mathematics Anxiety Scale ( Dew et al., 1984 ; Pajares 

and Urban, 1996 ) and the Fennema–Sherman scales ( Mulhern and Rae, 

1998 ). The mathematics anxiety scales developed specifically for children 

have also been found to have good reliability, including Thomas and 

Dowker's (2000) Mathematics Anxiety Questionnaire ( Krinzinger et al., 2007

); James' (2013) Children's Anxiety in Math Scale; and the scale developed by

Vukovic et al. (2013) . 

Thus, it is unlikely that any ambiguous or conflicting results in different 

studies are likely to be due to unreliability of the measures. However, there 

are potential problems with questionnaire measures as such. In particular, a 

potential problem with questionnaire measures is that, like all self-report 
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measures, they may be influenced both by the accuracy of respondents' self-

perceptions and by their truthfulness in reporting. There are some studies 

that have attempted to combat this problem by using physiological 

measures of anxiety when exposed to mathematical stimuli: e. g., heart rate 

and skin conductance ( Dew et al., 1984 ); cortisol secretion ( Pletzer et al., 

2010 ; Mattarella-Micke et al., 2011 ) and especially brain imaging measures 

ranging from EEG recordings ( Núñez-Peña and Suárez-Pellicioni, 2014 , 2015

); to functional MRI ( Lyons and Beilock, 2012b ; Young et al., 2012 ; Pletzer 

et al., 2015 ). 

Physiological Measures: Cortisol Secretion 
Cortisol secretion is a response to stress ( Hellhammer et al., 2009 ), and 

therefore might be expected to be higher in people with high levels of 

mathematics anxiety when presented with mathematical stimuli or activities.

Studies do indeed support this view, as well as giving some clues about the 

interactions between mathematics anxiety and other characteristics. 

Pletzer et al. (2010) investigated people's changes in cortisol level in 

response to the stress of a statistics examination, and the relationship 

between these changes and their actual examination performance. They 

were also assessed on a questionnaire measure of mathematics anxiety (a 

version of the MARS) and on tests of magnitude judgements and arithmetic. 

With a few exceptions who showed other patterns, most participants either 

showed an increase in cortisol from the basal level just before the 

examination, and a decrease afterwards, or a decrease in cortisol from the 

basal level both before and after the examination. Neither absolute levels or 
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cortisol nor patterns of change in cortisol production correlated with the 

MARS, with the arithmetical tests, or with performance in the examination 

itself. However, the cortisol response to the examination did influence the 

association of other predictor variables and statistics performance. 

Mathematics anxiety and arithmetic abilities predicted statistics performance

significantly in the group who showed an increase in cortisol production 

before the examination with a subsequent decrease, but not in the group 

that showed a consistent decrease. 

Mattarella-Micke et al. (2011) measured cortisol secretion levels just before 

and after participants were presented with challenging mathematics 

problems. They also assessed their working memory. The performance of 

individuals with low working memory scores was not associated with 

mathematics anxiety or cortisol secretion. For people with higher working 

memory scores, those with high mathematics anxiety showed a negative 

relationship between cortisol secretion and mathematics performance, while 

those with low mathematics anxiety showed a positive relationship between 

cortisol secretion and mathematics performance. 

Thus, in the studies carried out so far, the relationship between mathematics

anxiety and cortisol response are not absolutely straightforward. It appears 

that the cortisol secretion profile modulates the relationship between 

mathematics anxiety and mathematics performance, while mathematics 

anxiety modulates the relationship between cortisol and performance. Thus, 

there are modulatory relationships between these measures, which are well 

worth studying further; but no evidence as yet that cortisol response is a 
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good indicator of mathematics anxiety, or should replace traditional 

questionnaires. 

Physiological Measures: What Can Measures of Brain 
Function Tell us about Mathematics Anxiety? 
Attempts at physiological measures of mathematics anxiety have more 

commonly involved some form of recording of brain function. Dehaene (

1997 , p. 235) argues that the neuroscience of mathematics can and must 

involve emotional factors: “…(C)erebral function is not confined to the cold 

transformation of information according to logical rules. If we are to 

understand how mathematics can become the subject of so much passion or 

hatred, we have to grant as much attention to the computations of emotion 

as to the syntax of reason.” It is, however, only quite recently that we have 

had the ability to carry out functional brain imaging with sufficient numbers 

of participants to be able to examine correlations between individual 

differences in brain function and individual differences in behavioral 

characteristics. It is even more recently that we have been able to apply 

functional brain imaging to children. 

It is important to remember that finding neural correlates of behavioral 

characteristics does not mean that the brain characteristics are causing the 

behavioral characteristics. They are at least as likely to be reflecting the 

behavioral characteristics. Nevertheless, examining brain-based correlates of

mathematics anxiety may give us some clues as to the cognitive 

characteristics involved, even if it does not tell anything about the direction 

of causation. They may also give us ways of assessing mathematics anxiety 

without needing to rely on self-report measures. 
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Physiological Measures: EEG/ERP 
Núñez-Peña and Suárez-Pellicioni (2014 , 2015) carried out both ERP and 

behavioral measures of numerical processing in people with high and low 

mathematics anxiety as measured on the MARS questionnaire. In a 

magnitude comparison test, people with high mathematics anxiety had 

slower reaction times and showed larger size and distance effects than those

with low mathematics anxiety. ERP measures showed that those with high 

mathematics anxiety showed higher amplitude in frontal areas for both the 

size and distance effects than did those with low mathematics anxiety: a 

component which has been proposed to be associated with numerical 

processing. They also looked at two-digit addition in people with high and 

low mathematics anxiety. They were presented with correct and incorrect 

answers to such problems, and asked to say whether each answer was right 

or wrong. Participants with high mathematics anxiety were significantly 

slower and less accurate than those with low mathematics anxiety. ERP 

analysis showed that people with high mathematics anxiety showed a P2 

component of larger amplitude than did people with low mathematics 

anxiety. This component had been previously found to be associated with 

devoting attentional resources to emotionally negative stimuli. Thus, the 

studies suggest that people with high mathematics anxiety may be devoting 

extra attentional resources to their worries, possibly at the expense of task 

performance, though the direction of causation cannot be determined from a

correlational study. 
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Physiological Measures: Functional MRI 
There has been much evidence that stress affects the activation levels of 

regions of the prefrontal cortex, possibly interfering with the working 

memory functions associated with this area ( Qin et al., 2009 ). These effects

have been shown to be greater in people with high levels of general anxiety 

as a trait. For example, Bishop (2009) found that, even in the absence of 

threat stimuli, people with high trait anxiety showed less prefrontal 

activation in attentional control tasks than people with lower trait anxiety, 

and this was associated with less efficient performance. Basten et al. (2012) 

found that high trait anxiety was associated with high activation of the right 

dorsolateral prefrontal cortex (dLPFC) and left inferior frontal sulcus, which 

are generally found to be implicated in the goal-directed control of attention,

and with strong deactivation of the rostral-ventral anterior cingulate cortex, 

a key region in the brain's default-mode network. The authors suggested 

that these activation patterns were likely to be associated with inefficient 

manipulations in working memory. 

Lyons and Beilock (2012a) carried out functional brain imaging studies with 

adults with high and low mathematics anxiety. The individuals with high 

mathematics anxiety tended to show less activity in the frontal and parietal 

areas in anticipating and carrying out mathematical tasks than did less 

anxious individuals. They also did less well in the mathematical tasks. 

However, there was a subgroup, that did show strong activation of these 

areas when anticipating a mathematics task, and these individuals 

performed much better than those who did not show such activation, and 

almost as well as those with low mathematics anxiety. This group of 
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individuals also showed high activation during the mathematics task, not so 

much of the parietal and other cortical areas associated with arithmetic, but 

of subcortical areas associated with motivation and assessment of risk and 

reward. The authors suggested that the deficit in performance of individuals 

with high mathematics anxiety might be determined by their response and 

interpretation of their anxiety response, instead of the magnitude of those 

anxiety response or their mathematics skills per se . 

Pletzer et al. (2015) carried out an fMRI study of two groups of people, 

matched for their mathematical performance on tests of magnitude 

judgment and arithmetic, but differing in levels of mathematics anxiety, as 

measured by a version of the MARS. Eighteen participants scored high and 

18 low on the measure of mathematics anxiety. They underwent fMRI when 

carrying out two numerical tasks: number comparison and number bisection.

For comparison, they were also given brief non-numerical cognitive tasks 

involving verbal reasoning and mental rotation. The groups did not differ in 

their brain activation patterns for the non-numerical tasks. In the numerical 

tasks, they did not differ with regard to the activation of areas known to be 

involved in number processing, such as the intraparietal sulcus (similar to 

findings of Lyons and Beilock, 2012a , b ) suggesting that performance 

deficits of high mathematics anxious individuals were unlikely to be due to 

lower mathematics skills; but the group with high mathematics anxiety 

showed more activity in other areas of the brain, especially frontal areas 

associated with inhibition. This suggests that processing efficiency may be 

impaired in people with high mathematics anxiety, requiring more effort to 

inhibit incorrect responses. The differences seemed to occur specifically for 
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items that required magnitude processing, and were not found for items that

involved multiplication and could readily be solved by fact retrieval. 

Recently, functional brain imaging studies have indicated that 7- to 9-year-

old children are already showing some of the same neural correlates of 

mathematics anxiety as adults. Young et al. (2012) carried out a functional 

MRI study with 7- to 9-year-old children, and found that mathematics anxiety

was associated with high levels of activity in right amygdala regions that are 

involved in processing negative emotions and reduced activity in posterior 

parietal and dorsolateral prefrontal cortex regions associated with 

mathematical problem-solving (the latter finding was in contrast to Pletzer et

al., 2015 , Lyons and Beilock, 2012a , b who found no activation differences 

in these areas). Children with high mathematics anxiety also showed greater 

functional connectivity between the amygdala and areas in the ventromedial

prefrontal cortex that are associated with negative activity was also 

positively correlated with task activity in two subcortical regions: the right 

caudate nucleus and left hippocampus, both of which are known to be 

involved in memory processes. Crucially, these brain activity differences 

were mainly found, not during the actual mathematics task, but during the 

cue that preceded it (similar to Lyons and Beilock, 2012b ). Thus, the control 

processes that influence whether mathematics anxiety will inhibit 

performance seem to occur at the time of anticipation of the mathematics 

task, rather than during the task itself. 

These studies have led to some interesting proposals about the most 

effective timing of cognitive treatments for mathematics anxiety. In 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 23

particular, Lyons and Beilock ( 2012b , p. 2108) have proposed, on the basis 

of the above-mentioned brain-imaging studies and their own findings 

(greater activation in areas associated with visceral threat detection and 

pain perception with higher mathematics anxiety before but not during 

mathematics performance), that “ emotional control processes that act early

on the arousal of negative affective responses (e. g., reappraisal) are more 

effective at mitigating these responses and limiting concomitant 

performance decrements than explicit suppression of these responses later 

in the affective process.” As we shall see, this has implications for 

treatments. 

Factors that Influence Mathematics Anxiety: Genetics 
So far, we have been discussing the nature and assessment of mathematics 

anxiety, without much reference to the factors that influence it. One 

potential factor that has been investigated is genetics. Wang et al. (2014) 

carried out behavioral genetic studies of mathematics anxiety in a sample of 

514 twelve-year-old twin pairs. They were given the Elementary Students 

version of the MARS as a measure of mathematics anxiety; the Spence 

Children's Anxiety Scale as a measure of test anxiety; a mathematical 

problem solving subtest of the Woodcock-Johnson III Tests of Achievement; 

and a reading comprehension test from the Woodcock Reading Mastery Test.

Mathematics anxiety correlated significantly with general anxiety, and also 

correlated negatively with both mathematical problem solving and reading 

comprehension, while general anxiety did not correlate significantly with 

either academic measure. Univariate and multivariate behavioral genetic 

modeling indicated that genetic factors accounted for about 40% of the 
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variance in mathematics anxiety, with most of the rest being explained by 

non-shared environmental factors. 

It is unlikely that there are genetic factors specific to mathematics anxiety. 

Rather, the multivariate analyses suggested that mathematics anxiety was 

influenced by the genetic and environmental risk factors involved in general 

anxiety, and the genetic factors involved in mathematical problem solving. 

Thus, mathematics anxiety may result from a combination of negative 

experiences with mathematics, and predisposing genetic risk factors 

associated with both mathematical cognition and general anxiety. 

Gender and Mathematics Anxiety 
One of the factors that has received most study with regard to mathematics 

anxiety is that of gender. Much recent research indicates that males and 

females, in countries that provide equal education for both genders, show 

little or no difference in actual mathematical performance ( Spelke, 2005 ). 

However, they do indicate that females tend to rate themselves lower and to

express more anxiety about mathematics ( Wigfield and Meece, 1988 ; 

Hembree, 1990 ; Else-Quest et al., 2010 ; Devine et al., 2012 ), though such 

differences are not huge ( Hyde, 2005 ). Most studies suggest such gender 

differences only develop at adolescence, and that primary school children do

not exhibit gender differences in mathematics anxiety ( Dowker et al., 2012 ;

Wu et al., 2012 ; Harari et al., 2013 ) though even in the younger age group 

boys often rate themselves higher in mathematics than girls do ( Dowker et 

al., 2012 ). This increased anxiety may come from several sources, including 

exposure to gender stereotypes, and the influence and social transmission of
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anxiety by female teachers who are themselves anxious about mathematics 

( Beilock et al., 2010 ). 

It may also be related to more general differences in anxiety between males 

and females. Many studies indicate that females tend to show higher levels 

of trait anxiety and the closely related trait of Neuroticism than males (e. g., 

Feingold, 1994 ; Costa et al., 2001 ; Chapman et al., 2007 ) and show higher 

prevalence of clinical anxiety disorders ( McLean et al., 2011 ). They have 

been found to show greater anxiety than males even in subjects where their 

actual performance tends to be higher than that of males, such as foreign 

language learning ( Park and French, 2013 ). 

Also, males tend to show more confidence and rate themselves higher in a 

number of domains than females do (e. g., Beyer, 1990 ; Beyer and Bowden, 

1997 ; Jakobsson et al., 2013 ). Thus, it is not surprising that this should also 

apply to mathematics, and, given the associations between anxiety and self-

rating, that it might contribute to gender differences in mathematics anxiety.

However, there is some evidence that gender differences in mathematics 

anxiety cannot be reduced to gender differences in general academic self-

confidence or in test anxiety. Devine et al. (2012) found that mathematics 

anxiety has an effect on mathematics performance, even after controlling for

general test anxiety, in girls but not in boys. They asked 433 British 

secondary school children in school years 7, 8, and 10 (11-to 15-year-olds) to

complete mental mathematics tests and Mathematics Anxiety and Test 

Anxiety questionnaires. Boys and girls did not differ in mathematics 

performance; but girls had both higher mathematics anxiety and higher test 
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anxiety. Both girls and boys showed a positive correlation between 

mathematics anxiety and test anxiety and a negative correlation between 

mathematics anxiety and mathematics performance. Both boys and girls 

showed a negative correlation between mathematics anxiety and 

mathematics performance. However, regression analyses showed that for 

boys, this relationship disappeared after controlling for general test anxiety. 

Only girls continued to show an independent relationship between 

mathematics anxiety and mathematics performance. 

By contrast, Hembree (1990) suggested that math anxiety is more 

negatively related to achievement in males than in females, and some other 

studies suggested that there are no gender differences in the relationship 

between mathematics anxiety and performance ( Meece et al., 1990 ; Ma, 

1999 ; Wu et al., 2012 ). However, most such studies have not controlled for 

general test anxiety. Gender effects on the relationship between 

mathematics anxiety and performance may also depend on whether one is 

examining the cognitive or affective component of mathematics anxiety, and

on what aspects of mathematics are involved. Indeed, Miller and Bichsel 

(2004) found that mathematics anxiety was more related to basic 

mathematics scores in males, but to applied mathematics scores in females. 

More research is needed as to what influences gender differences in both 

mathematics anxiety itself, and in its influence on performance. 

It is unlikely that such gender differences are the result of gender differences

in working memory, as on the whole, studies show relatively few gender 

differences in working memory ( Robert and Savoie, 2006 ) though some 
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studies suggest that males may be better at visuo-spatial working memory 

and females at verbal working memory ( Robert and Savoie, 2006 ). 

Intriguingly, Ganley and Vasilyeva (2014) carried out a mediation analysis 

that suggested that mathematics anxiety seemed to affect visuo-spatial 

working memory more in female than male college students, and that this 

led to a greater decrement in mathematics performance. However, since 

other studies suggest that mathematics anxiety affects verbal more than 

visuo-spatial working memory ( DeCaro et al., 2010 ), there is still much 

room for further research here. 

One possible explanation for greater mathematics anxiety in females than 

males is stereotype threat . Stereotype threat occurs in situations where 

people feel at risk of confirming a negative stereotype about a group to 

which they belong. In the domain of mathematics anxiety, this usually refers 

to females being reminded of the stereotype that males are better at 

mathematics than females, though it can also occur with regard to other 

stereotypes. For example, Aronson et al. (1999) found that white American 

men performed less well in mathematics when they were told that Asians 

tend to perform better in mathematics than white people, than when they 

were not exposed to this stereotype. 

Most of the studies of the effects of stereotype threat on mathematics 

anxiety are somewhat indirect: they indicate that mathematics performance 

is worse when people are exposed to stereotype threat, but do not usually 

include direct measures of mathematics anxiety. While one likely 

explanation for the effects of stereotype threat is that it increases 
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mathematics anxiety, there are other possibilities: e. g., that participants 

choose to conform to social expectations. This caution must be borne in 

mind when considering the evidence about the effects of stereotype threat 

on performance. 

Schmader (2002) and Beilock et al. (2007) found that women performed less 

well on an arithmetic task if they were told that the researchers were 

studying why women do more poorly than men. Beilock et al. (2007) noted 

that, as is often found in studies of mathematics anxiety, the effect only 

occurred for problems that required the significant use of working memory 

resources. 

Johns et al. (2005) gave participants a mathematics test under three 

conditions: one without any reference to gender stereotypes; one where they

were told that the researchers were studying reasons why women performed

less well in mathematics; and one where they were exposed to the same 

gender stereotype, but also taught explicitly about the nature of stereotype 

threat in this context, and how it could increase women's anxiety when doing

mathematics. Females performed less well than men in the condition where 

the gender stereotype was presented without explanation, but there were no

gender differences either in the condition where no gender stereotype was 

presented or in the condition where they were taught explicitly about the 

stereotype threat. 

However, the effect of stereotype threat is not always found, especially in 

children. Ganley et al. (2013) carried out three studies with a total sample of 

931 school children ranging from fourth to twelfth grade, and using several 
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different methods from the implicit to the highly explicit to induce stereotype

threat. There was no evidence of any effect of stereotype threat on girls' 

performance in any of these studies. It may be that stereotype threat only 

exerts an influence in very specific circumstances, or on the other hand that 

it always occurs and exerts an influence under all circumstances, so that the 

experimental manipulations exerted no additional effect. It may also be that 

the importance of stereotype threat has been overestimated at least with 

regard to children; or that the effects were greater in the past than now, due 

to changes in social attitudes. 

Moreover, it may be that gender stereotypes are affecting not so much 

mathematics anxiety itself as self-perceptions of mathematics anxiety. Goetz

and colleagues gave secondary school pupils questionnaires about 

mathematics anxiety as a trait , and also about their anxiety as a state 

during a mathematics class ( Goetz et al., 2013 ; Bieg et al., 2015 ). Both 

boys and girls tended to report higher trait anxiety than state anxiety, but 

girls did so to a much greater extent. Girls reported higher trait anxiety than 

boys in both studies, but higher state anxiety only in one of the studies. One 

possible conclusion that girls do not in fact experience so much more 

mathematics anxiety than boys, but that due to gender stereotypes they 

expect to experience more mathematics anxiety, and this in itself may 

discourage them from pursuing mathematics activities and courses. 

Factors that Affect Mathematics Anxiety: Age 
On the whole, mathematics anxiety appears to increase with age during 

childhood. Most studies suggest that severe mathematics anxiety is 
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uncommon in young children, though some researchers have found 

significant mathematics anxiety even among early primary school children (

Wu et al., 2012 ). This apparent increase in mathematics anxiety with age is 

consistent with findings that show that other attitudes to mathematics 

change with age. Unfortunately, they tend to deteriorate as children get 

older ( Ma and Kishor, 1997 ; Dowker, 2005 ; Mata et al., 2012 ). Blatchford 

(1996) found that two-thirds of 11-years-olds rate mathematics as their 

favorite subject, but that few 16-year-olds do so. Some studies suggest that 

the deterioration of attitudes begins even before the end of primary school (

Wigfield and Meece, 1988 ). 

There are a number of reasons why mathematics anxiety might increase 

with age: some relating more to the “ anxiety” and some more to the “ 

mathematics.” One reason is that general anxiety appears to increase with 

age during childhood and adolescence could also reflect increases in 

tendency to general anxiety. For example, it is generally found that the 

onset of clinical anxiety disorders peaks in early adolescence ( Kiessler et al.,

2005 ) though it is possible that such disorders in younger children are 

under-diagnosed due to lack of clear and appropriate diagnostic methods (

Egger and Angold, 2006 ). It may be that a factor such as increasing 

intolerance of uncertainty or increasing awareness of social comparison is 

leading to both increased general anxiety and to increased mathematics 

anxiety in particular. 

Reasons more specifically relating to mathematics may include exposure to 

other people's negative attitudes to mathematics; to social stereotypes, for 
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example about the general difficulty of mathematics or about supposed 

gender differences in mathematics; to experiences of failure or the threat of 

it; and/or to changes in the content of mathematics itself. Arithmetic with 

larger numbers that make greater demands on working memory, and more 

abstract non-numerical aspects of mathematics, may arouse more anxiety 

than the possibly more accessible aspects of mathematics encountered by 

younger children. 

Moreover, the relationships between attitudes and performance may change 

with age. A meta-analysis by Ma and Kishor (1997) indicated that the 

relationship between attitudes and performance increases with age. Some 

studies suggest that among young children, performance is not significantly 

related to anxiety ( Cain-Caston, 1993 ; Krinzinger et al., 2009 ; Dowker et 

al., 2012 ; Haase et al., 2012 ), but is more related to liking for mathematics 

and especially to self-rating. However, different studies give conflicting 

results; and some studies do show a significant relationship between anxiety 

and performance in young children ( Dossey et al., 1988 ; Newstead, 1998 ; 

Wu et al., 2012 ; Ramirez et al., 2013 ; Vukovic et al., 2013 ). 

There are at least three possible explanations for the conflicting findings. 

One is that the results may vary according to the aspect of mathematics 

anxiety that is being studied. Studies that base their measures on 

Richardson and Suinn (1972) . Mathematics Rating Scale (MARS) or MARS-

Elementary ( Suinn et al., 1988 ) have tended to show such a relationship 

even in young children ( Wu et al., 2012 ; Vukovic et al., 2013 ), and this 

could reflect the fact that such measures tend to focus on the affective 
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dimension of mathematics anxiety. Those that have used the Mathematics 

Anxiety Questionnaire (MAQ) developed by Thomas and Dowker (2000) have

tended not to show such a relationship in younger children ( Krinzinger et al.,

2007 , 2009 ; Dowker et al., 2012 ; Haase et al., 2012 ; Wood et al., 2012 ), 

which could reflect the fact that this measure places more emphasis on the 

cognitive (“ worry”) aspect of mathematics. The few studies that have 

included both dimensions of mathematics anxiety have suggested that 

performance in young children is related to the affective but not to the 

cognitive dimension ( Harari et al., 2013 ), whereas studies of older children 

and adults suggest that performance is related to both, but is more strongly 

related to the affective dimension ( Wigfield and Meece, 1988 ; Ho et al., 

2000 ). More research is needed on how the relationship changes with age 

between performance and different components of mathematics anxiety. 

A second explanation is that mathematics anxiety becomes more closely 

related to mathematics performance because of changes in working 

memory. Working memory of course increases with age in childhood ( Henry,

2012 ), which could affect the relationship between anxiety and 

performance. One study does suggest that the relationship between anxiety 

and performance is greater in children with higher than lower levels of 

working memory. Vukovic et al. (2013) carried out a longitudinal study of 

113 children, who were followed up from second to third grade. Mathematics

anxiety was measured by items from the MARS-Elementary and from 

Wigfield and Meece's (1988) MAQ. Mathematics anxiety was negatively 

related to performance in calculation but not geometry. It was also 

negatively correlated with pupils' improvement from second to third grade, 
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but only for children with higher levels of working memory. This is at first 

sight surprising given that working memory is generally positively correlated 

with mathematical performance, and especially in view of the theory that 

mathematics anxiety impedes performance by overloading working memory.

We would suggest that a likely explanation is that among younger 

elementary school children, only those with high levels of working memory 

are already using mathematical strategies that depend significantly on 

working memory, and that therefore these may be the children whose 

progress is most impeded by mathematics anxiety. This could be one 

explanation for mathematics anxiety being more correlated with 

performance more in older than in younger children. 

A third possible explanation is cultural. The studies that do show a 

relationship between mathematics anxiety and achievement among young 

children tend to be from the USA, though this could of course be a 

coincidence, and there are at present no obvious reasons why the 

relationship should be stronger in the USA than elsewhere. Nevertheless, 

there is evidence more generally for cultural influences on mathematics 

anxiety. 

Culture, Nationality, and Mathematics Anxiety 
Some aspects of attitudes to mathematics seem to be common to many 

countries and cultures: e. g., the tendency for young children to like 

mathematics, and for attitudes to deteriorate with age ( Ma and Kishor, 1997

; Dowker, 2005 ). However, different countries differ not only in actual 

mathematics performance, but also in liking mathematics; in whether 
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mathematics is attributed more to ability or effort; and how much 

importance is attributed to mathematics ( Stevenson et al., 1990 ; Askew et 

al., 2010 ). 

Some of these differences could affect mathematics anxiety, though the 

direction is not completely predictable. Children in high-achieving countries 

could be low in mathematics anxiety because they are doing well (and/or 

may do well because they are not impeded by mathematics anxiety). On the 

other hand, they could be high in mathematics anxiety, because such 

countries often attach high importance to mathematics and to academic 

achievement in general, making failure more threatening; and because such 

children are likely to be comparing themselves with high-achieving peers, 

rather than with lower-achieving children in other countries. Lee (2009) 

investigated mathematics anxiety scores in a variety of countries and found 

that the relationship between a country's overall mathematics achievement 

level, and the average level of mathematics anxiety among children in that 

country, was not consistent. Children in high-achieving Asian countries, such 

as Korea and Japan, tended to demonstrate high mathematics anxiety; while 

those in high-achieving Western European countries, such as Finland, the 

Netherlands, Liechtenstein, and Switzerland tended to demonstrate low 

mathematics anxiety. At present, the reason for these differences is not 

clear. They may be related to the fact that pressure to do well in 

examinations is probably significantly greater in Asian countries (e. g., Tan 

and Yates, 2011 ). They could also be related to some as yet undetermined 

specific aspects of the educational systems or curricula. 
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Another possible reason could involve cultural or ethnic differences either in 

willingness to admit to mathematics anxiety, or in the nature of the 

relationship between mathematics anxiety and mathematics performance. 

Several studies have suggested that ethnic minority students express more 

positive attitudes to mathematics than white pupils both in the USA (

Catsambis, 1994 ; Lubienski, 2002 ) and in the UK ( National Audit Office, 

2008 ), which did not conform to actual differences in performance. 

However, the meta-analysis of Ma (1999) showed no ethnic differences with 

regard to the relationship between anxiety and performance. 

There is overwhelming evidence that both the socio-economic status of 

individuals and the economic position of countries have a very large 

influence on mathematical participation and achievement (e. g., Chiu and 

Xihua, 2008 ), However, there has been little research specifically on the 

influence of socio-economic status on mathematics anxiety or attitudes to 

mathematics; and the research that has been done does not suggest a very 

strong SES effect on these variables ( Jadjewski, 2011 ). 

Potential Treatments of Mathematics Anxiety 
Research has already told us a lot about the nature of emotions and 

attitudes toward mathematics. So far, it tells us less about how such 

attitudes can be modified, and how mathematics anxiety may be treated, or,

ideally, prevented. It is likely that early interventions for children with 

mathematical difficulties may go some way toward preventing a vicious 

spiral, where mathematical difficulties cause anxiety, which causes further 

difficulties with mathematics. Parents and teachers could attempt to model 
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positive attitudes to mathematics and avoid expressing negative ones to 

children. This may, however, be difficult if the parents or teachers are 

themselves highly anxious about mathematics. There could be greater media

promotion of mathematics as interesting and important. However, much 

more research is needed on the effectiveness of different strategies for 

improving attitudes to mathematics. In such research, it must be taken into 

account, both that mathematics has many components and that different 

strategies might be effective with different components; and that improving 

attitudes to mathematics means not only reducing anxiety and other 

negative emotions toward mathematics, but increasing positive emotions 

toward mathematics. 

Treatments of already-established mathematics anxiety may involve both 

mathematics interventions as such, and treatments for anxiety such as 

systematic desensitization and cognitive behavior therapy. So far, no miracle

cure seems to be in sight. However, there are new methods, based on recent

research findings that appear to be promising. 

In particular, researchers have recently attempted to use findings about the 

cognitive aspects of mathematics anxiety, and about cognitive treatments of

anxiety more generally, to develop techniques involving reappraisal of the 

anxiety-provoking situation. A few recent studies suggest that instructing 

people to reappraise the nature and consequences of mathematics anxiety 

may reduce the negative effects, breaking a vicious circle, whereby people 

feel that their anxiety will worsen their performance or is a signal of inability 

to carry out the tasks. Johns et al. (2008) and Jamieson et al. (2010) found 
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that informing people that arousal could actually improve performance led to

better mathematics performance than in a control condition. 

Beilock and colleagues have developed a promising intervention for 

mathematics anxiety that amounts to “ writing out” the negative affect and 

worry ( Ramirez and Beilock, 2011 ; Park et al., 2014 ). The researchers drew

on previous findings that writing about traumatic and highly emotional 

events lowered ruminating behavior in individuals with clinical depression (

Smyth, 1998 ). A possible mechanism for this could be that writing enables a 

form of reappraisal that interrogates the need to worry in the first place. This

in turn frees working memory resources consumed by worrying, which can 

be deployed toward task performance. Ramirez and Beilock (2011) tested 

this proposition both in a laboratory environment and also in a high-stakes 

field experiment (i. e., an exam). Both the laboratory and field experiments 

showed that writing about one's worries before academic performance 

significantly improved performance compared to a control condition (e. g., 

writing about untested exam material). An exam can be stressful for anyone 

taking it. Most interesting, therefore, was the finding that 10 min of 

expressive writing before an exam was only beneficial for individuals with 

high test anxiety, compared to control writing. Individuals with low test 

anxiety did not experience any particular benefits from expressive writing. 

The authors attribute this to the extent to which individuals with high and 

low test anxiety differ in worrying about exams. Individuals with lower test 

anxiety, who presumably worry less, would therefore write about fewer 

worries during an expressive writing exercise. In other words, there is simply 

less worry that needs to be “ written out” for individuals with low test 
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anxiety, in contrast to individuals with high mathematics anxiety. The 

potential of this kind of intervention to facilitate a level playing field during 

exams is potentially large. Indeed, students in the expressive condition 

outperformed those in the control condition by 6%. In letter grades, the 

expressive condition students earned a B+ on average, while those in the 

control condition earned a B–. Could this kind of intervention be useful for 

mathematics anxiety? The same group of authors has suggested that this 

may be the case. In a recent paper, Park et al. (2014) explored the influence 

of expressive writing on the link between mathematics anxiety and 

mathematics performance. Parallel to the Ramirez and Beilock (2011) 

results, Park et al. (2014) found that expressive writing ameliorated 

performance on tasks of modular arithmetic (specially developed working 

memory-intensive mathematics problems) in high mathematics anxiety 

individuals compared to a control writing task. As stated earlier in this paper,

one of the central tenets of current theories of mathematics anxiety is that 

the negative emotional state and associated ruminations absorb working 

memory resources necessary for task completion. Expressive writing seems 

to disrupt the negative emotional cognitions, and allows individuals to 

engage with the mathematical tasks rather than the attendant anxiety. 

Unlike Ramirez and Beilock (2011) , Park et al. (2014) did not test these 

propositions in the field with an actual mathematics exam. Therefore, the 

benefit of expressive writing on mathematics examination performance 

remains a presumption in need of verification. However, a note of cautious 

optimism is permissible, given both the promising results from the earlier 

field experiments as well as evidence of higher performance on working 
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memory-intensive problems reported in Park et al. (2014) . Future research 

can easily investigate this possibility, as the only requirement is that 

proctors instruct students to engage in a writing task 10 min before the start 

of an exam. 

Recently, the potential of cognitive tutoring to intervene with mathematics 

anxiety has been explored. Supekar et al. (2015) examined whether an 

intensive, 8-week one-on-one math-tutoring programme, MathWise that was 

developed by Fuchs et al. (2013) to improve mathematical skills could 

remediate math anxiety of children aged 7–9 years old. Children underwent 

three sessions of 40–50 min mathematics tutoring per week. They reported 

math anxiety levels using the Scale for Early Mathematics Anxiety ( Wu et 

al., 2012 ) and were scanned using fMRI before and after training. During 

scanning, children performed on an arithmetic problem-solving task 

(Addition task) and number-identification (Control task). This study found 

that tutoring reduced math anxiety scores and remediated aberrant 

functional responses and connectivity in emotion-related circuits associated 

with the basolateral amygdala in children with high mathematics anxiety, but

not those with low mathematics anxiety. In particular, they found that 

children with greater tutoring-associated decreases in their amygdala 

activity showed higher reductions in mathematics anxiety. The authors 

proposed that similar to models of exposure-based therapy for anxiety 

disorders, sustained exposure to mathematical stimuli could reduce 

mathematics anxiety, possibly through modulating the role of the amygdala. 

Together, this study showed that a relatively short and intensive one-on-one 
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cognitive tutoring could remediate mathematics anxiety through modulation 

of neural functions. 

As highlighted by Sokolowski and Necka (2016) however, interpretations of 

these findings should consider that since children were categorized through 

the extreme group approach (into high or low math-anxious using a median-

split of pre-test SEMA scores) and were not recruited on the basis of their 

math anxiety levels, it is possible that children with nearly average SEMA 

scores might have been included in the high math anxious group (which is 

typically defined, for example by Ashcraft and Kirk (2001) , as the highest 

20% of this population). Such classification might affect the interpretations of

“ aberrant neural responses” attributed to children with high mathematics 

anxiety. Nonetheless, Supekar et al. (2015) provided a proof-of-concept that 

behavioral interventions with simultaneous neural, social and cognitive 

assessments could contribute to our understanding of the relationship 

between individual differences and efficacy of interventions. 

Another potential form of treatment, which is just beginning to be explored, 

involves non-invasive brain stimulation. Non-invasive brain stimulation 

techniques are used by researchers to modulate neural activity on broad 

areas of the cortex. Transcranial electrical stimulation (tES) has emerged as 

a painless technique in which mild electrical currents are applied to the scalp

and can be used to both upregulate and downregulate neuronal activity 

underneath the cortex. 

Might such a technique be useful as an intervention for mathematics 

anxiety? As stated above, some brain imaging research has examined the 
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neurophysiological signatures of mathematics anxiety. These include 

abnormal amygdala activation ( Young et al., 2012 ) associated with fear 

processing, activation of the dorsoposterior insula, associated with pain 

perception ( Lyons and Beilock, 2012a ), and hypoactivation of regions in the

frontoparietal network such as the dorsolateral prefrontal cortex, associated 

with both cognitive control of negative emotions and with mathematical 

performance ( Lyons and Beilock, 2012b ). Transcranial electrical stimulation 

enables researchers to modulate cortical activity in regions that may 

facilitate greater emotional control over the negative emotional response to 

mathematical stimuli, thereby improving performance. Transcranial direct 

current stimulation (tDCS) is the most widely used form of tES. tDCS is a non-

invasive and painless neuromodulation technique wherein a low direct 

current, usually between 1 and 2 mA, is transmitted into cortical tissue 

through scalp-electrodes ( Nitsche et al., 2008 ; Cohen Kadosh, 2013 ; 

Krause and Cohen Kadosh, 2014 ). The electrical signals in tDCS alter 

neuronal polarization, thereby manipulating the probability that the targeted 

neurons will fire; typically, anodal stimulation is known to facilitate neural 

firing, while cathodal stimulation inhibits neuronal firing of the stimulated 

cortical region ( Nitsche and Paulus, 2000 ). In sham (placebo) stimulation, a 

burst of current is provided and turned-off, generating the same physical 

sensations as real stimulation (e. g., mild itching, burning, tingling, or 

stinging), but producing no change in cortical excitability. This serves as a 

reliable blinding method, and participants are generally unable to distinguish

between real and sham stimulation ( Gandiga et al., 2006 ). The brain region 

usually targeted in emotion-related tDCS research is the dorsolateral 
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prefrontal cortex (dlPFC), which is implicated in working memory and 

affective regulation ( Peña-Gómez et al., 2011 ), and is closely involved in 

the response and control of stress ( Cerqueira et al., 2008 ). 

Sarkar et al. (2014) investigated the effects of tDCS to the dlPFC on 

mathematics anxiety. High mathematics anxiety individuals received 1 mA of

tDCS for 30 min (or 30 s, in the placebo condition) to their left and right 

dorsolateral prefrontal cortices to enhance cognitive control over the 

negative emotional response elicited by mathematical stimuli. A low 

mathematics anxiety group received the same treatment. Sarkar et al. 

(2014) also examined changes in salivary cortisol, mentioned above as a 

possible physiological measure of anxiety. Anodal and cathodal stimulation 

were applied to the left and right dlPFC, respectively. In their study, Sarkar et

al. (2014) found that, compared to sham stimulation, real tDCS lowered 

reaction times in the arithmetic decision task for individuals with high 

mathematics anxiety. They found the opposite pattern for low mathematics 

anxiety participants, who were slower in real compared to sham stimulation. 

The cortisol changes mirrored the behavioral changes. Compared to sham 

stimulation, high mathematics anxiety participants showed a decline in 

salivary cortisol concentrations from pre- to post-test during real tDCS. For 

the low mathematics anxiety group, salivary cortisol concentrations declined 

from pre-test to post-test only during sham tDCS, but not during real 

stimulation. This suggests tDCS might be able to alleviate the stress 

associated with mathematics anxiety, thereby improving mathematical 

performance in individuals with high mathematics anxiety. It is still 

necessary to be cautious about this possibility for several reasons. Firstly, as 
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discussed above, the relationship between cortisol secretion and 

mathematics anxiety may not be totally straightforward. Secondly, the 

ecological validity of such intervention (e. g., as regards the training design 

and the practicality of using tDCS outside the laboratory) remains to be 

improved ( Cohen Kadosh, 2014 ; Looi et al., 2016 ). In the context of 

mathematics anxiety, further research is needed to examine whether tDCS 

could enhance performance for individuals with high mathematics anxiety in 

real-life settings and examinations (e. g., high-stakes situations). Given that 

the arithmetic decision task used by Sarkar et al. (2014) only required 

participants to decide whether very basic mathematical equations were true 

or false (e. g., 8 × 2 = 16, true or false), future studies could adopt more 

complex, realistic tasks. Thirdly, the improvement on such tasks was to the 

degree of ~50 ms, significant in a laboratory context but hardly relevant to 

the types of situations where mathematics anxiety is most relevant. Since 

behavioral studies mostly observe the influence of mathematics anxiety on 

difficult maths tasks (see Artemenko et al., 2015 for a recent review) and tES

appears to be more effective during difficult tasks ( Popescu et al., 2016 ), 

future studies could investigate whether improvements of individuals with 

mathematics anxiety would be greater during more difficult tasks. Fourthly, 

since the dlPFC is involved in many functions, it is as yet unclear exactly 

which of these functions was crucially affected here: in particular, whether 

tDCS affected performance by influencing its role in emotional processing, or

working memory, or both. Fifthly, the findings suggest that such treatments 

would need to be targeted to people who are high in mathematics anxiety, 

and that their indiscriminate application to people with lower mathematics 
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anxiety might actually impair performance. Hence, research that examines 

the mechanisms of such effects (positive or negative; short- or long-term) is 

needed ( Bestmann et al., 2015 ). Finally, behavioral effects are influenced 

by the parameters of tDCS. For example, while Sarkar et al. (2014) showed 

that tDCS applied during mathematical tasks benefited those with high 

mathematics anxiety and impaired performance of those with low 

mathematics anxiety, it remains to be investigated whether changing the 

parameters of stimulation (e. g., applying stimulation before or after 

mathematical tasks) would yield different behavioral outcomes (for a review 

of other factors, see Looi and Cohen Kadosh, 2015 ). Thus, these findings are

merely the first, though a promising step in the development of tES as a 

potential intervention for mathematics anxiety. 

So What Remains to be Understood? 
During the last 60 years, we have acquired a much greater understanding of 

the phenomenon of mathematics anxiety. We have learned more about its 

correlation with mathematics performance, and for example how working 

memory may be involved in this. We have learned more about how it 

changes with age. We have learned more about its relationship to social 

stereotypes, especially with regard to gender. We have learned something 

about neural correlates of mathematics anxiety. We have learned something 

about possible ways to treat mathematics anxiety. 

Thus, we have learned a significant amount about many specific aspects of 

mathematics anxiety. Our biggest need for further learning may involve not 

so much any specific aspect, as the ways in which the aspects relate to one 
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another. How do the social aspects relate to the neural aspects? How do 

either or both of these relate to changes with age? How might appropriate 

treatment be related to age and to the social and cognitive characteristics of

the individuals? And of course the perennial “ chicken and egg” question: 

does mathematics anxiety lead to poorer performance, or does poor 

performance, with its resulting experiences of failure, lead to poorer 

performance ( Carey et al., 2015 )? Many more interdisciplinary, longitudinal 

and intervention studies will be needed to answer these questions. An 

ultimate goal of such research is to integrate findings from across the 

behavioral, cognitive and biological dimensions of this construct in order to 

produce a fuller description of mathematics anxiety as a trait that varies 

between individuals. 

There are also more specific aspects of mathematics anxiety that need a lot 

more study. For example, although there has been a great deal of research 

on social influences on mathematics anxiety, most of this has involved one 

particular type of influence: gender stereotyping. Other influences also need 

more investigation. In particular, there needs to be more investigation of the 

role of pressures by parents and teachers for school achievement. This is 

especially true in view of the increasing importance of both mathematics as 

such and of academic qualifications in today's society; and in view of the 

increasing concern of governments in several countries about raising 

academic standards. The question arises of whether and at what point an 

increasing emphasis on mathematical achievement might have the negative 

and potentially counterproductive effect of increasing mathematics anxiety; 

and how this might be prevented. In this context, there needs to be more 
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research on exactly how mathematics anxiety is related to motivation, and, 

in particular, whether there are differences in the relationships of intrinsic 

and extrinsic motivation to anxiety ( Gottfried, 1982 ; Lepper, 1988 ; Ryan 

and Pintrich, 1997 ). 

We hope that long before another 60 years have passed, research will have 

led to a greater understanding of mathematics anxiety, which will enable us 

to develop interventions and educational methods that will greatly reduce its

incidence. 

Author Contributions 
All authors listed, have made substantial, direct, and intellectual contribution

to the work, and approved it for publication. 

Funding 
We thank the Nuffield Foundation for financial support. 

Conflict of Interest Statement 
The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential 

conflict of interest. 

References 
Ahmed, W., Minnaert, A., Kuyper, H., and Van Den Werf, G. (2012). 

Reciprocal relationships between math self-concept and math anxiety. 

Learn. Individ. Dif. 22, 385–389. doi: 10. 1016/j. lindif. 2011. 12. 004 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 47

Aronson, J., Lustina, M. J., Good, C., Keough, K., Steele, C. M., and Brown, J. 

(1999). When White men can't do math: necessary and sufficient factors in 

stereotype threat. J. Exp. Soc. Psychol. 35, 29–46. doi: 10. 1006/jesp. 1998. 

1371 

Artemenko, C., Daroczy, G., and Nuerk, H. C. (2015). Neural correlates of 

math anxiety–an overview and implications. Front. Psychol. 6: 1333. doi: 10. 

3389/fpsyg. 2015. 01333 

Ashcraft, M. H. (2002). Math anxiety: personal, educational and cognitive 

consequences. Curr. Dir. Psychol. Sci. 11, 181–185. doi: 10. 1111/1467-8721.

00196 

Ashcraft, M. H., and Kirk, E. P. (2001). The relationships among working 

memory, math anxiety, and performance. J. Exp. Psychol. Gen. 130, 224–

237. doi: 10. 1037/0096-3445. 130. 2. 224 

Ashcraft, M. H., Kirk, E. P., and Hopko, D. (1998). “ On the cognitive 

consequences of mathematics anxiety,” in The Development of 

Mathematical Skills , ed C. Donlan (Hove: Erlbaum), 175–196. 

Ashcraft, M. H., and Moore, A. W. (2009). Mathematics anxiety and the 

affective drop in performance. J. Psychoeduc. Assess. 27, 197–205. doi: 10. 

1177/0734282908330580 

Ashcraft, M. H., and Ridley, K. S. (2005). “ Math anxiety and its cognitive 

consequences: a tutorial review,” in The Handbook of Mathematical 

Cognition. ed J. I. D. Campbell (New York, NY: Psychology Press), 315–327. 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 48

Ashcraft, M. H., and Rudig, N. O. (2012). “ Higher cognition is altered by 

noncognitive factors: How affect enhances and disrupts mathematics 

performance in adolescence and young adulthood,” in The Adolescent Brain:

Learning, Reasoning, and Decision Making , eds V. F. Reyna, S. B. Chapman, 

M. R. Dougherty, and J. Confrey (Washington, DC: APA), 243–263. 

Askew, M., Hodgen, J., Hossain, S., and Bretscher, N. (2010). Values and 

Variables: Mathematics Education in High-Performing Countries. London: 

Nuffield Foundation. 

Baloğlu, M. (2004). Statistics anxiety and mathematics anxiety: some 

interesting differences I. Edu. Res. Q. 27, 38–48. 

Baloğlu, M., and Koçak, R. (2006). A multivariate investigation of the 

differences in mathematics anxiety. Pers. Individ. Dif. 40, 1325–1335. doi: 

10. 1016/j. paid. 2005. 10. 009 

Bandura, A. (1977). Social Learning Theory . Englewood Cliffs, NJ: Prentice-

Hall. 

Basten, U., Stelzel, C., and Fiebach, C. (2012). Trait anxiety and the neural 

efficiency of manipulation in working memory. Cogn. Affect. Behav. Neurosci.

12, 571–588. doi: 10. 3758/s13415-012-0100-3 

Beilock, S. L., Gunderson, E. A., Ramirez, G., and Levine, S. C. (2010). Female

teachers' math anxiety affects girls' math achievement. Proc. Natl. Acad. Sci.

U. S. A. 107, 1860–1863. doi: 10. 1073/pnas. 0910967107 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 49

Beilock, S. L., Rydell, R. J., and McConnell, A. R. (2007). Stereotype threat 

and working memory: mechanisms, alleviation, and spillover. J. Exp. Psychol.

Gen. 136, 256–276. doi: 10. 1037/0096-3445. 136. 2. 256 

Berggren, N., and Derakhshan, N. (2013). Attentional control deficits in 

anxiety: why you see them and why you don't. Biol. Psychol. 92, 440–446. 

doi: 10. 1016/j. biopsycho. 2012. 03. 007 

Bestmann, S., de Berker, A. O., and Bonaiuto, J. (2015). Understanding the 

behavioural consequences of noninvasive brain stimulation. Trends Cogn. 

Sci. 19, 13–20. doi: 10. 1016/j. tics. 2014. 10. 003 

Betz, N. (1978). Prevalence, distribution, and correlates of math anxiety in 

college students. J. Couns. Psychol. 25, 441–548. doi: 10. 1037/0022-0167. 

25. 5. 441 

Beyer, S. (1990). Gender differences in the accuracy of self-evaluations of 

performance. J. Pers. Soc. Psychol. 59, 960–970. doi: 10. 1037/0022-3514. 

59. 5. 960 

Beyer, S., and Bowden, E. (1997). Gender differences in self-perceptions: 

convergent evidence from three measures of accuracy and bias. Pers. Soc. 

Psychol. Bull. 23, 157–173. doi: 10. 1177/0146167297232005 

Bieg, M., Goetz, T., Wolter, I., and Hall, N. C. (2015). Gender stereotype 

endorsement differentially predicts girls' and boys' trait-state discrepancy in 

math anxiety. Front. Psychol. 6: 1404. doi: 10. 3389/fpsyg. 2015. 01404 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 50

Bishop, S. J. (2009). Trait anxiety and impoverished prefrontal control of 

attention. Nat. Neurosci. 12, 92–98 doi: 10. 1038/nn. 2242 

Blatchford, P. (1996). Pupils' views on school work and school from 7 to 16 

years. Res. Pap. Educ. 11, 263–288. doi: 10. 1080/0267152960110305 

Brown, M., Brown, P., and Bibby, T. (2008). “ I would rather die”: reasons 

given by 16-year-olds for not continuing their study of mathematics. Res. 

Math. Educ. 10, 3–18. doi: 10. 1080/14794800801915814 

Burkitt, E., Jolley, R. P., and Rose, S. E. (2010). The attitudes and practices 

that shape children's drawing experiences at home and at school. Int. J. Art 

Des. Educ. 29, 257–270. doi: 10. 1111/j. 1476-8070. 2010. 01658. x 

Cain-Caston, M. (1993). Parent and student attitudes toward mathematics as

they relate to third grade mathematics achievement. J. Instr. Psychol. 20, 96–

101. 

Carey, E., Hill, F., Devine, A., and Szücs, D. (2015). The chicken or the egg? 

The direction of the relationship between mathematics anxiety and 

mathematics performance. Front. Psychol. 6: 1987. doi: 10. 3389/fpsyg. 

2015. 01987 

Carroll, J. M., and Iles, J. E. (2006). An assessment of anxiety levels in 

dyslexic students in higher education. Br. J. Educ. Psychol. 76, 651–662. doi: 

10. 1348/000709905X66233 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 51

Carroll, J. M., Maughan, B., Goodman, R., and Meltzer, H. (2005). Literacy 

difficulties and psychiatric disorders: evidence for comorbidity. J. Child 

Psychol. Psychiatry 46, 524–532. doi: 10. 1111/j. 1469-7610. 2004. 00366. x 

Catsambis, S. (1994). The path to math: gender and racial-ethnic differences 

in mathematics participation from middle school to high school. Sociol. Educ.

67, 199–215. doi: 10. 2307/2112791 

Caviola, S., Mammarella, I. C., Lucangeli, D., and Cornoldi, C. (2012). The 

involvement of working memory in children's exact and approximate mental 

additions. J. Exp. Child Psychol. 112, 141–160. doi: 10. 1016/j. jecp. 2012. 02.

005 

Cerqueira, J. J., Almeida, O. F., and Sousa, N. (2008). The stressed prefrontal 

cortex. Left? Right! Brain Behav. Immun. 22, 630–638. doi: 10. 1016/j. bbi. 

2008. 01. 005 

Chapman, B. P., Duberstein, P. R., Sörensen, S., and Lyness, J. M. (2007). 

Gender differences in five factor model personality traits in an elderly cohort:

extension of robust and surprising findings to an older generation. Pers. 

Individ. Dif. 43, 1594–1603. doi: 10. 1016/j. paid. 2007. 04. 028 

Cheng, Y. S., Horwitz, E. K., and Shallert, D. L. (1999). Language anxiety: 

differentiating writing and speaking components. Lang. Learn. 49, 417–446. 

doi: 10. 1111/0023-8333. 00095 

Chinn, S. (2009). Mathematics anxiety in secondary students in England. 

Dyslexia 15, 61–68. doi: 10. 1002/dys. 381 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 52

Chipman, S., Krantz, D., and Silver, R. (1992). Mathematics anxiety and 

science careers among able college students. Psychol. Sci. 3, 292–295. doi: 

10. 1111/j. 1467-9280. 1992. tb00675. x 

Chiu, M. M., and Xihua, Z. (2008). Family and motivation effects on 

mathematics achievement. Learn. Instr. 18, 321–336. doi: 10. 1016/j. 

learninstruc. 2007. 06. 003 

Cohen Kadosh, R. (2013). Using transcranial electrical stimulation to enhance

cognitive functions in the typical and atypical brain. Transl. Neurosci. 4, 20–

33. doi: 10. 2478/s13380-013-0104-7 

Cohen Kadosh, R. (2014). “ The future usage and challenges of brain 

stimulation,” in The Stimulated Brain: Cognitive Enhancement Using Non-

Invasive Brain Stimulation , ed R. Cohen Kadosh (London: Elsevier), 523–538.

Cooper, S. E., and Robinson, D. A. (1991). The relationship of mathematics 

self-efficacy beliefs to mathematics anxiety and performance. Meas. Eval. 

Couns. Dev. 24, 4–11. 

Costa, P. T., Terracciano, A., and McCrae, R. R. (2001). Gender differences in 

personality traits across cultures: robust and surprising findings. J. Pers. Soc. 

Psychol. 81, 322–331. doi: 10. 1037/0022-3514. 81. 2. 322 

Cox, M. V. (1989). “ Children's drawings,” in Children and the Arts , ed D. J. 

Hargreaves (Milton Keynes: Open University Press), 43–58. 

DeCaro, M. S., Rotar, K. E., Kendra, M. S., and Beilock, S. L. (2010). 

Diagnosing and alleviating the impact of performance pressure on 
https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 53

mathematical problem solving. Q. J. Exp. Psychol. 63, 1619–1630. doi: 10. 

1080/17470210903474286 

Dehaene, S. (1997). The Number Sense. London: Macmillan. 

Devine, A., Fawcett, K., Szucs, D., and Dowker, A. (2012). Gender differences

in mathematics anxiety and the relation to mathematics performance while 

controlling for test anxiety. Behav. Brain Funct. 8, 1–9. doi: 10. 1186/1744-

9081-8-33 

Dew, K., Galassi, J., and Galassi, M. (1983). Mathematics anxiety: some basic 

issues. J. Couns. Psychol. 30, 443–446. doi: 10. 1037/0022-0167. 30. 3. 443 

Dew, K. M. H., Galassi, J., and Galassi, M. D. (1984). Math anxiety: relation 

with situational test anxiety, performance, physiological arousal, and math 

avoidance behavior. J. Couns. Psychol. 31, 580–583. 

Dossey, A., Mullis, I. V. S., Lindquist, M. M., and Chambers, D. L. (1988). The 

Mathematics Report Card. Are We Measuring up? Trends and Achievement 

Based on the 1986 National Assessment. Princeton, NJ: Educational Testing 

Service. 

Dowker, A., Bennett, K., and Smith, L. (2012). Attitudes to mathematics in 

primary school children. Child Dev. Res. 2012: 124939. doi: 10. 

1155/2012/124939 

Dowker, A. D. (2005). Individual Differences in Arithmetic: Implications for 

Psychology Neuroscience and Education. Hove: Psychology Press. 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 54

Dreger, R. M., and Aiken, L. R. (1957). The identification of number anxiety in

a college population. J. Educ. Psychol. 48, 344–351. doi: 10. 1037/h0045894 

Egger, H. L., and Angold, A. (2006). Common emotional and behavioral 

disorders in preschool children: presentation, nosology, and epidemiology. J. 

Child Psychol. Psychiatry 47, 313–337. doi: 10. 1111/j. 1469-7610. 2006. 

01618. x 

Else-Quest, N., Hyde, J. S., and Linn, M. (2010). Cross-national patterns of 

gender differences in mathematics: a meta-analysis. Psychol. Bull. 136 103–

127. doi: 10. 1037/a0018053 

Eysenck, M. W., and Calvo, M. G. (1992). Anxiety and performance: the 

processing efficiency theory. Cogn. Emotion 6, 409–434. doi: 10. 

1080/02699939208409696 

Feingold, A. (1994). Gender differences in personality: a meta-analysis. 

Psychol. Bull. 116, 429–456. doi: 10. 1037/0033-2909. 116. 3. 429 

Fennema, E., and Sherman, J. A. (1976). Fennema-Sherman mathematics 

attitudes scales; instruments designed to measure attitudes towards the 

learning of mathematics by females and males. J. Res. Math. Educ. 6, 31. doi:

10. 2307/748467 

Fox, E. (1992). Attentional bias in anxiety: selective or not? Behav. Res. 

Therapy 31, 487–493. 

Fuchs, L. S., Geary, D. C., Compton, D. L., Fuchs, D., Schatschneider, C., 

Hamlett, C. L., et al. (2013). Effects of first-grade number knowledge tutoring
https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 55

with contrasting forms of practice. J. Educ. Psychol. 105, 58–77. doi: 10. 

1037/a0030127 

Fuerst, A., and Hitch, G. J. (2000). Separate roles for executive and 

phonological components of working memory in mental arithmetic. Mem. 

Cogn. 28, 774–782. doi: 10. 3758/BF03198412 

Gandiga, P. C., Hummel, F. C., and Cohen, L. G. (2006). Transcranial DC 

stimulation (tDCS): a tool for double-blind sham-controlled clinical studies in 

brain stimulation. Clin. Neurophysiol. 117, 845–850. doi: 10. 1016/j. clinph. 

2005. 12. 003 

Ganley, C. M., Mingle, L. A., Ryan, A. M., Ryan, K., Vasilyeva, M., and Perry, 

M. (2013). An examination of stereotype threat effects on girls' mathematics 

performance. Dev. Psychol. 49, 1886–1897. doi: 10. 1037/a0031412 

Ganley, C. M., and Vasilyeva, M. (2014). The role of anxiety and working 

memory in gender differences in mathematics. J. Educ. Psychol. 106, 101–

105. doi: 10. 1037/a0034099 

Gathercole, S. E., and Pickering, S. (2000). Working memory deficits in 

children with low achievements in the national curriculum at 7 years of age. 

Br. J. Educ. Psychol. 70, 177–194. doi: 10. 1348/000709900158047 

Goetz, T., Bieg, M., Lüdke, O., Pekrun, R., and Hall, N. C. (2013). Do girls 

really experience more anxiety in mathematics? Psychol. Sci. 24, 2079–2087.

doi: 10. 1016/j. cedpsych. 2012. 09. 001 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 56

Goetz, T., Cronjaeger, H., Frenzel, A. C., Ludtke, O., and Hall, L. C. (2010). 

Academic self-concept and emotion relations: domain specificity and age 

effects. Contemp. Educ. Psychol. 35, 44–58. doi: 10. 1016/j. cedpsych. 2009. 

10. 001 

Golomb, C. (2002). Child Art in Context: A Cultural and Comparative 

Perspective . Washington, DC: American Psychological Association. 

Gottfried, A. (1982). Relationships between academic intrinsic motivation 

and anxiety in children and young adolescents. J. Sch. Psychol. 20, 205–215. 

doi: 10. 1016/0022-4405(82)90050-4 

Haase, V. G., Júlio-Costa, A., Pinheiro-Chagas, P., Oliveira, L. D. F. S., Micheli, 

L. R., and Wood, G. (2012). Math self-assessment, but not negative feelings, 

predicts mathematics performance of elementary school children. Child Dev.

Res. 2012: 982672. doi: 10. 1155/2012/982672 

Harari, R. R., Vukovic, R. K., and Bailey, S. P. (2013). Mathematics anxiety in 

young children: an exploratory study. J. Exp. Educ. 81, 538–555. doi: 10. 

1080/00220973. 2012. 727888 

Harris, M. (1997). Common Threads: Women, Mathematics and Work. 

London: Trentham Books. 

Hellhammer, D., Wüst, S., and Kudielka, B. M. (2009). Salivary cortisol as a 

biomarker in stress research. Psychoneuroendocrinology 34, 163–171. doi: 

10. 1016/j. psyneuen. 2008. 10. 026 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 57

Hembree, R. (1990). The nature, effects and relief of mathematics anxiety. J. 

Res. Math. Educ. 21, 33–46. doi: 10. 2307/749455 

Henry, L. (2012). The Development of Working Memory in Children . London: 

Sage. 

Hitch, G. (1978). The role of short-term working memory in arithmetic. Cogn.

Psychol. 10, 302–310. doi: 10. 1016/0010-0285(78)90002-6 

Ho, H., Senturk, D., Lam, A. G., Zimmer, J. M., Hong, S., Okamoto, Y., et al. 

(2000). The affective and cognitive dimensions of math anxiety: a cross-

national study. J. Res. Math. Educ. 31, 362–379. doi: 10. 2307/749811 

Hoffman, B. (2010). ‘ I think I can, but I'm afraid to try’: the role of self-

efficacy beliefs and mathematics anxiety in mathematics problem solving 

efficiency. Learn. Individ. Dif. 20, 276–283. doi: 10. 1016/j. lindif. 2010. 02. 

001 

Hopko, D. (2003). Confirmatory factor analysis of the math anxiety rating 

scale - revised. Educ. Psychol. Meas. 63, 336–351. doi: 10. 

1177/0013164402251041 

Horwitz, E. K., Horwitz, M. B., and Cope, J. (1986). Foreign language 

classroom anxiety. Mod. Lang. J. 70, 125–132. doi: 10. 1111/j. 1540-4781. 

1986. tb05256. x 

Hyde, J. S. (2005). The gender similarities hypothesis. Am. Psychol. 60, 581–

592. doi: 10. 1037/0003-066X. 60. 6. 581 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 58

Jadjewski, K. (2011). Attitudes about Mathematics: Compare and Contrast 

Boys and Girls from High and Low Socio-economic Status . Masters thesis, 

California State University. 

Jain, S., and Dowson, M. (2009). Mathematics anxiety as a function of multi-

dimensional regulation and self-efficacy. Contemp. Educ. Psychol. 34, 240–

248. doi: 10. 1016/j. cedpsych. 2009. 05. 004 

Jakobsson, N., Levin, M., and Kotsadam, A. (2013). Gender and 

overconfidence: effects of context, gendered stereotypes and peer group. 

Adv. Appl. Sociol. 3, 137–141. doi: 10. 4236/aasoci. 2013. 32018 

James, M. M. (2013). The development and validation of the Children's 

Anxiety in Math Scale. J. Psychoeduc. Assess. 31, 391–395. doi: 10. 

1177/0734282912470131 

Jamieson, J., Mendes, W. B., Blackstock, E., and Schmader, T. (2010). Turning

the knots in your stomach into bows: reappraising arousal improves 

performance on the GRE. J. Exp. Soc. Psychol. 46, 208–212. doi: 10. 1016/j. 

jesp. 2009. 08. 015 

Johns, M., Inzlicht, M., and Schmader, T. (2008). Stereotype threat and 

executive resource depletion: examining the influence of emotion regulation.

J. Exp. Psychol. Gen. 137, 691–705. doi: 10. 1037/a0013834 

Johns, M., Schmader, T., and Martens, A. (2005). Knowing is half the battle: 

teaching stereotype threat as a means of improving women's math 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 59

performance. Psychol. Sci. 16, 175–179. doi: 10. 1111/j. 0956-7976. 2005. 

00799. x 

Johnston-Wilder, S., Brindley, J., and Dent, P. (2014). Technical Report: A 

Survey of Mathematics Anxiety and Mathematical Resilience amongst 

Existing Apprentices. Coventry: University of Warwick. 

Kenny, D. T. (2011). The Psychology of Music Performance Anxiety. Oxford: 

Oxford University Press. 

Kiessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K., and Walters, 

E. (2005). Lifetime prevalence and age-of-onset distributions of DSM-IV 

disorders in the national comorbidity survey replication. Arch. Gen. 

Psychiatry 62, 593–602. doi: 10. 1001/archpsyc. 62. 6. 593 

Krause, B., and Cohen Kadosh, R. (2014). Not all brains are created equal: 

the relevance of individual differences in responsiveness to transcranial 

electrical stimulation. Front. Syst. Neurosci. 8: 25. doi: 10. 3389/fnsys. 2014. 

00025 

Krinzinger, H., Kaufmann, L., Dowker, A., Thomas, G., Graf, M., Nuerk, H. C., 

et al. (2007). [German version of the math anxiety questionnaire (FRA) for 6-

to 9-year-old children]. Z. Kind. Jugendpsychiatr. Psychother. 35, 341–351. 

doi: 10. 1024/1422-4917. 35. 5. 341 

Krinzinger, H., Kaufmann, L., and Willmes, K. (2009). Math anxiety and math 

ability in early primary school years. J. Psychoeduc. Assess. 27, 206–225. doi:

10. 1177/0734282908330583 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 60

Lee, J. (2009). Universals and specifics of math self-concept, math self-

efficacy, and math anxiety across 41 PISA 2003 participating countries. 

Learn. Individ. Dif. 19, 355–365. doi: 10. 1016/j. lindif. 2008. 10. 009 

Lepper, M. R. (1988). Motivational considerations in the study of instruction. 

Cogn. Instr. 5, 289–309. doi: 10. 1207/s1532690xci0504_3 

Levitt, E., and Hutton, I. (1984). A psychometric assessment of the 

Mathematics Anxiety Rating Scale. Int. Rev. Appl. Psychol. 33, 233–242. 

Liebert, R. M., and Morris, L. W. (1967). Cognitive and emotional components

of test anxiety: a distinction and some initial data. Psychol. Rep. 20, 975–

978. 

Looi, C. Y., and Cohen Kadosh, R. (2015). “ The use of transcranial direct 

current stimulation for cognitive enhancement,” in Cognitive Enhancement: 

Pharmacologic Environmental and Genetic Factors , eds S. Knafo and C. 

Venero (London: Elsevier), 307–341. 

Looi, C. Y., Duta, M., Brem, A. K., Huber, S., Nuerk, H.-C., and Cohen Kadosh, 

R. (2016). Combining brain stimulation and video game to promote long-

term transfer of learning and cognitive enhancement. Sci. Rep. 6, 22003. doi:

10. 1038/srep22003 

Lubienski, S. T. (2002). “ Are we achieving “ mathematical power for all?” A 

decade of national data on instruction and achievement,” in American 

Educational Research Association , (New Orleans, LA), 1–42. 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 61

Lyons, I. M., and Beilock, S. L. (2012a). When math hurts: math anxiety 

predicts pain network activation in anticipation of doing math. PLoS ONE 7: 

e48076. doi: 10. 1371/journal. pone. 0048076 

Lyons, I. M., and Beilock, S. L. (2012b). Mathematics anxiety: separating the 

math from the anxiety. Cereb. Cortex 22, 2102–2110. doi: 10. 

1093/cercor/bhr28 

Ma, X. (1999). A meta-analysis of the relationship between anxiety toward 

mathematics and achievement in mathematics. J. Res. Math. Educ. 30, 520–

540. doi: 10. 2307/749772 

Ma, X., and Kishor, N. (1997). Assessing the relationship between attitude 

toward mathematics and achievement in mathematics: a meta-analysis. J. 

Res. Math. Educ. 28, 26–47. doi: 10. 2307/749662 

Maloney, E. A., Ansari, D., and Fugelsang, J. A. (2011). The effect of 

mathematics anxiety on the processing of numerical magnitude. Q. J. Exp. 

Psychol. 64, 10–16. doi: 10. 1080/17470218. 2010. 533278 

Maloney, E. A., and Beilock, S. (2012). Math anxiety: who has it, why it 

develops, and how to guard against it. Trends Cogn. Sci. 16, 404–406. doi: 

10. 1016/j. tics. 2012. 06. 008 

Mandler, G., and Sarason, S. B. (1952). A study of anxiety and learning. J. 

Abnorm. Psychol. 47, 166–173. doi: 10. 1037/h0062855 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 62

Mata, M. D. L., Monteiro, V., and Peixoto, F. (2012). Attitudes towards 

mathematics: effects of individual, motivational, and social support factors. 

Child Dev. Res. 2012: 876028. doi: 10. 1155/2012/876028 

Mattarella-Micke, A., Mateo, J., Kozak, M. N., Foster, K., and Beilock, S. 

(2011). Choke or thrive? The relation between salivary cortisol and math 

performance depends on individual differences in working memory and 

math-anxiety. Emotion 11, 1000–1005. doi: 10. 1037/a0023224 

McLean, C. P., Asnaani, A., Litz, B. T., and Hofmann, S. G. (2011). Gender 

differences in anxiety disorders: prevalence, course of illness, comorbidity 

and burden of illness. J. Psychiatr. Res. 45, 1027–1035. doi: 10. 1016/j. 

jpsychires. 2011. 03. 006 

McLeod, D. B. (1992). “ Role of affect in mathematics education: a 

reconceptualization,” in Handbook of Mathematics Teaching and Learning , 

ed D. A. Grouws (New York, NY: NCTM), 575–596. 

Meece, J. L., Wigfield, A., and Eccles, J. S. (1990). Predictors of math anxiety 

and its influence on young adolescents' course enrollment intentions and 

performance in mathematics. J. Educ. Psychol. 82: 60. doi: 10. 1037/0022-

0663. 82. 1. 60 

Miller, H., and Bichsel, J. (2004). Anxiety, working memory, gender, and math

performance. Pers. Individ. Dif. 37, 591–606. doi: 10. 1016/j. paid. 2003. 09. 

029 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 63

Mulhern, F., and Rae, G. (1998). Development of shortened form of the 

Fennema-Sherman mathematics attitudes scales. Educ. Psychol. Meas. 56, 

295–306. doi: 10. 1177/0013164498058002012 

National Audit Office (2008). Young People's Attitudes to Mathematics: A 

Research Study among 11-13 Year Olds on behalf of the National Audit 

Office. London: National Audit Office. 

Newstead, K. (1998). Aspects of children's mathematics anxiety. Educ. Stud. 

Math. 36, 53–71. doi: 10. 1023/A: 1003177809664 

Nitsche, M. A., Cohen, L. G., Wassermann, E. M., Priori, A., Lang, N., Antal, A.,

et al. (2008). Transcranial direct current stimulation: state of the art 2008. 

Brain Stimul. 1, 206–223. doi: 10. 1016/j. brs. 2008. 06. 004 

Nitsche, M. A., and Paulus, W. (2000). Excitability changes induced in the 

human motor cortex by weak transcranial direct current stimulation. J. 

Physiol. 527, 633–639. doi: 10. 1111/j. 1469-7793. 2000. t01-1-00633. x 

Núñez-Peña, M. I., and Suárez-Pellicioni, M. (2014). Less precise 

representation of numerical magnitude in high math-anxious individuals: an 

ERP study of the size and distance effects. Biol. Psychol. 103, 176–183. doi: 

10. 1016/j. biopsycho. 2014. 09. 004 

Núñez-Peña, M. I., and Suárez-Pellicioni, M. (2015). Processing of multi-digit 

additions in high math-anxious individuals: psychophysiological evidence. 

Front. Psychol. 6: 1268. doi: 10. 3389/fpsyg. 2015. 01268 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 64

Pajares, F., and Miller, M. D. (1994). The role of self-efficacy and self-concept 

beliefs in mathematical problem solving: a path analysis. J. Educ. Psychol. 

86, 193–203. 

Pajares, F., and Urban, T. (1996). An exploratory factor analysis of the 

Mathematics Anxiety Scale. Meas. Eval. Counsel. Dev. 29, 35–47. 

Park, D., Ramirez, G., and Beilock, S. (2014). The role of expressive writing in

mathematics anxiety. J. Exp. Psychol. Appl. 20, 103–111. doi: 10. 

1037/xap0000013 

Park, G. P., and French, B. F. (2013). Gender differences in the foreign 

language classroom anxiety scale. System 41, 462–471. doi: 10. 1016/j. 

system. 2013. 04. 001 

Peña-Gómez, C., Vidal-Piñeiro, D., Clemente, I. C., Pascual-Leone, Á., and 

Bartrés-Faz, D. (2011). Down-regulation of negative emotional processing by 

transcranial direct current stimulation: effects of personality characteristics. 

PLoS ONE 6: e22812. doi: 10. 1371/journal. pone. 0022812 

Plake, B. S., and Parker, C. S. (1982). The development and validation of a 

revised version of the Mathematics Anxiety Rating Scale. Educ. Psychol. 

Meas. 42, 551–557. 

Pletzer, B., Kronbichler, M., Nuerk, H.-C., and Kerschbaum, H. H. (2015). 

Mathematics anxiety reduces default mode network deactivation in response

to numerical tasks. Front. Hum. Neurosci. 9: 202. doi: 10. 3389/fnhum. 2015.

00202 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 65

Pletzer, B., Wood, G., Moeller, K., Nuerk, H. C., and Kerschbaum, H. H. 

(2010). Predictors of performance in a real-life statistics examination depend

on the individual cortisol profile. Biol. Psychol. 85, 410–416. doi: 10. 1016/j. 

biopsycho. 2010. 08. 015 

Popescu, T., Krause, B., Terhune, D. B., Twose, O., Page, T., Humphreys, G., 

et al. (2016). Transcranial random noise stimulation mitigates increased 

difficulty in an arithmetic learning task. Neuropsychologia 81, 255–264. doi: 

10. 1016/j. neuropsychologia. 2015. 12. 028 

Punaro, L., and Reeve, R. (2012). Relationships between 9-year-olds' math 

and literacy worries and academic abilities. Child Dev. Res. 2012: 359089. 

doi: 10. 1155/2012/359089 

Qin, S., Hermans, E. J., VanMarle, H., Luo, J., and Fernandez, G. (2009). Acute

psychological stress reduces working memory-related activity in the 

dorsolateral prefrontal cortex. Biol. Psychiatry 66, 25–32. doi: 10. 1016/j. 

biopsych. 2009. 03. 006 

Ramirez, G., and Beilock, S. L. (2011). Writing about testing worries boosts 

exam performance in the classroom. Science 331, 211–213. doi: 10. 

1126/science. 1199427 

Ramirez, G., Gunderson, E. A., Levine, S. C., and Beilock, S. L. (2013). Math 

anxiety, working memory, and math achievement in early elementary 

school. J. Cogn. Dev. 14, 187–202. doi: 10. 1080/15248372. 2012. 664593 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 66

Richardson, F. C., and Suinn, R. M. (1972). The Mathematics Anxiety Rating 

Scale. J. Couns. Psychol. 19, 551–554. doi: 10. 1037/h0033456 

Robert, M., and Savoie, N. (2006). Are there gender differences in verbal and

visuospatial working-memory resources? Eur. J. Cogn. Psychol. 18, 378–397. 

doi: 10. 1080/09541440500234104 

Ryan, A. M., and Pintrich, P. R. (1997). Should I ask for help? The role of 

motivation and attitudes in adolescents' help seeking in math class. J. Educ. 

Psychol. 89, 329–341. doi: 10. 1037/0022-0663. 89. 2. 329 

Sarkar, A., Dowker, A., and Cohen Kadosh, R. (2014). Cognitive enhancement

or cognitive cost: trait-specific outcomes of brain stimulation in the case of 

mathematics anxiety. J. Neurosci. 34, 16605–16610. doi: 10. 

1523/JNEUROSCI. 3129-14. 2014 

Schmader, T. (2002). Gender identification moderates stereotype threat 

effects on women's math performance. J. Exp. Soc. Psychol. 38, 194–201. 

doi: 10. 1006/jesp. 2001. 1500 

Smyth, J. M. (1998). Written emotional expression: effect sizes, outcome 

types, and moderating variables. J. Consult. Clin. Psychol. 66, 174–184. 

Sokolowski, H. M., and Necka, E. A. (2016). Remediating math anxiety 

through cognitive training: potential roles for math ability and social context.

J. Neurosci. 36, 1439–1441. doi: 10. 1523/JNEUROSCI. 4039-15. 2016 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 67

Spelke, E. (2005). Sex differences in intrinsic aptitude for mathematics and 

science? A critical review. Am. Psychol. 60, 950–958. doi: 10. 1037/0003-

066X. 60. 9. 950 

Stevenson, H. W., Lee, S.-Y., Chen, C., Stigler, J. W., Hsu, C. C., Kitamura, S., 

et al. (1990). Contexts of achievement: a study of American, Chinese, and 

Japanese children. Monogr. Soc. Res. Child Dev. 55, 1–119. doi: 10. 

2307/1166090 

Suinn, R. M., Taylor, S., and Edwards, R. W. (1988). Suinn mathematics 

anxiety rating scale for elementary school students (MARS-E): psychometric 

and normative data. Edu. Psychol. Meas. 48, 979–986. 

Suinn, M., and Winston, H. (2003). The Mathematics Anxiety Rating Scale, a 

brief version: psychometric data. Psychol. Rep. 92, 167–173. doi: 10. 

2466/pr0. 2003. 92. 1. 167 

Suinn, R. M., Edie, C. A., Nicoletti, E., and Spinelli, P. R. (1972). The MARS, a 

measure of mathematics anxiety: psychometric data. J. Clin. Psychol. 28, 

373–375. 

Supekar, K., Iuculano, T., Chen, L., and Menon, V. (2015). Remediation of 

childhood math anxiety and associated neural circuits through cognitive 

tutoring. J. Neurosci. 35, 12574–12583. doi: 10. 1523/JNEUROSCI. 0786-15. 

2015 

Swanson, H., and Sachse-Lee, C. (2001). Mathematical problem solving and 

working memory in children with learning disabilities: both executive and 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 68

phonological processes are involved. J. Exp. Child Psychol. 79, 294–321. doi: 

10. 1006/jecp. 2000. 2587 

Tan, J. B., and Yates, S. (2011). Academic expectations as a source of stress 

in Asian students. Soc. Psychol. Educ. 14, 389–407. doi: 10. 1007/s11218-

010-9146-7 

Thomas, G., and Dowker, A. (2000). “ Mathematics anxiety and related 

factors in young children,” in Paper Presented at British Psychological 

Society Developmental Section Conference (Bristol). 

Thomas, G. V., and Silk, A. M. J. (1990). An Introduction to the Psychology of 

Children's Drawings. Hemel Hempstead: Harvester Wheatsheaf. 

Vukovic, R. K., Kieffer, M. J., Bailey, S. P., and Harari, R. R. (2013). 

Mathematics anxiety in young children: concurrent and longitudinal 

associations with mathematical performance. Contemp. Educ. Psychol. 38, 1–

10. doi: 10. 1016/j. cedpsych. 2012. 09. 001 

Wang, Z., Hart, S. A., Kovas, Y., Lukovski, S., Soden, B., Thompson, L. A., et 

al. (2014). Who is afraid of math? Two sources of genetic variance for 

mathematical anxiety. J. Child Psychol. Psychiatry 55, 1056–1064. doi: 10. 

1111/jcpp. 12224 

Wigfield, A., and Meece, J. L. (1988). Math anxiety in elementary and 

secondary school students. J. Educ. Psychol. 80, 210–216. doi: 10. 

1037/0022-0663. 80. 2. 210 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/



 Mathematics anxiety: what have we learne... – Paper Example  Page 69

Wood, G., Pinheiro-Chagas, P., Júlio-Costa, A., Micheli, L. R., Krinzinger, H., 

Kaufmann, L., et al. (2012). Math anxiety questionnaire: similar latent 

structure in Brazilian and German school children. Child Dev. Res. 2012: 

610192. doi: 10. 1155/2012/610192 

Wu, C. P., and Lin, H. J (2014). Anxiety about speaking foreign language as a 

mediator of the relation between motivation and willingness to 

communicate. Percept. Mot. Skills 119, 785–798. doi: 10. 2466/22. PMS. 

119c32z7 

Wu, S. S., Barth, M., Amin, H., Malcarne, V., and Menon, V. (2012). Math 

anxiety in second and third graders and its relation to mathematical 

achievement. Front. Dev. Psychol. 3: 162. doi: 10. 3389/fpsyg. 2012. 00162 

Young, C. B., Wu, S. S., and Menon, V. (2012). The neurodevelopmental basis

of math anxiety. Psychol. Sci. 23, 492–501. doi: 10. 

1177/0956797611429134 

https://assignbuster.com/mathematics-anxiety-what-have-we-learned-in-60-
years/


	Mathematics anxiety: what have we learned in 60 years?
	Is Mathematics Anxiety Separable from other Forms of Anxiety?
	Mathematics Anxiety and Attitudes to Mathematics
	Prevalence of Mathematics Anxiety
	Relationships between Mathematics Anxiety and Mathematics Performance
	Assessments of Mathematics Anxiety
	Physiological Measures: Cortisol Secretion
	Physiological Measures: What Can Measures of Brain Function Tell us about Mathematics Anxiety?
	Physiological Measures: EEG/ERP
	Physiological Measures: Functional MRI
	Factors that Influence Mathematics Anxiety: Genetics
	Gender and Mathematics Anxiety
	Factors that Affect Mathematics Anxiety: Age
	Culture, Nationality, and Mathematics Anxiety
	Potential Treatments of Mathematics Anxiety
	So What Remains to be Understood?
	Author Contributions
	Funding
	Conflict of Interest Statement
	References


