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Abstract A decade has passed since the last published review
of'math anxiety, which was carried out by Ashcraft and Ridley
(2005). Given the considerable interest aroused by this topic
in recent years and the growing number of publications related
to it, the present article aims to provide a full and updated
review of the field, ranging from the initial studies of the
impact of math anxiety on numerical cognition, to the latest
research exploring its electrophysiological correlates and
brain bases from a cognitive neuroscience perspective. Final-
ly, this review describes the factors and mechanisms that have
been claimed to play a role in the origins and/or maintenance
of math anxiety, and it examines in detail the main explana-
tions proposed to account for the negative effects of math
anxiety on performance: competition for working memory
resources, a deficit in a low-level numerical representation,
and inhibition/attentional control deficit.

Keywords Math anxiety - Numerical cognition - Brain
correlates - fMRI - ERPs - Working memory - Inhibitory
deficit - Attentional control deficit - Numerical magnitude
representation

As far as we know, the tutorial review carried out by Ashcraft
and Ridley (2005) and published in Campbell’s Handbook of
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Mathematical Cognition is the only general review carried out
in the field of math anxiety to date. Given that several studies
have been conducted since then, this review article aims to
examine the current state of knowledge about math anxiety,
ranging from the initial studies of the effect of math anxiety on
numerical cognition (conducted by Ashcraft and collabora-
tors), through to the most recent publications on the bases of
math anxiety from the perspective of cognitive neuroscience.
This review also updates the main explanations for the effects
of math anxiety on math performance, including a recent ac-
count on which our discussion of the latest findings on this
topic is based and that has not previously been exam-
ined in a review.

With this objective in mind, we begin by defining math
anxiety and examining its relationship with other variables.
We then explore the principal proposed explanations for its
negative effects on performance (competition for working
memory [WM] resources, inhibitory/attentional control defi-
cit, and deficit in low-level numerical processing), as well as
the main theories regarding its origin and maintenance (expo-
sure to negative experiences, genetic factors, the role of math
ability, attention, WM, and error processing). We end the re-
view by examining the brain correlates of math anxiety—spe-
cifically, the findings of research using event-related potentials
(ERPs) and functional magnetic resonance imaging (fMRI)—
and also by making certain recommendations that teachers,
parents, and psychologists might take into account in order
to help children reduce their levels of mathematical anxiety.

What is math anxiety?
Several definitions of math anxiety (hereinafter, MA) have

been proposed over the years, including “an irrational and
impeditive dread of mathematics” (Lazarus, 1974, p. 16),
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“the panic, helplessness, paralysis and mental disorganization
that arises among some people when they are required to solve
a mathematical problem” (Tobias, 1978, p. 65), a “general
fear of contact with mathematics” (Hembree, 1990, p. 45),
or the “feeling of tension, apprehension or even dread, that
interferes with the ordinary manipulation of numbers and the
solving of mathematical problems” (Ashcraft & Faust, 1994,
p. 98). Common to all these definitions is the idea that for
some people dealing with numbers or math-related situations
evokes an emotional response that disrupts their performance.

In an attempt to explain why some of her students failed
mathematics courses despite proficiency in other subjects,
Gough coined the term mathemaphobia to refer to this type
of anxiety (Gough, 1954). Shortly afterward, Dreger and
Aiken (1957) noted that although emotional factors may dis-
rupt mastery of mathematics, there was an important lack of
research attempting to investigate the emotional problems as-
sociated with arithmetic and mathematic problem solving
(Dreger & Aiken, 1957). In seeking to address this situation,
they became the first to introduce standardized assessment
into the study of what they called number anxiety, specifically
by adding three questions about emotional reactions toward
math to the Taylor Manifest Anxiety Scale (e.g., “Many times
when I see a math problem I just freeze up”; Taylor, 1953) and
renaming it the Numerical Anxiety Scale.

Despite this initial attempt to address math anxiety, the first
formal instrument for measuring the construct did not appear
until 15 years later, when Richardson and Suinn (1972) pub-
lished their Mathematics Anxiety Rating Scale (MARS). The
MARS is a 98-item rating scale on which respondents indi-
cate, using a 5-point Likert scale, how anxious they would feel
in situations ranging from formal math settings to informal
everyday situations. Publication of the MARS led to the de-
velopment of other, shorter and similar scales in English, such
as the 25-item abbreviated version of the MARS (sMARS;
Alexander & Martray, 1989), the 12-item Fennema—Sherman
Mathematics Anxiety Scale (MAS; Fennema & Sherman,
1976), the six-item Sandman Anxiety Towards Mathematics
Scale (ATMS; Sandman, 1980), the 24-item Math Anxiety
Rating Scale Revised (MARS-R; Plake & Parker, 1982), or
the 9-item Abbreviated Math Anxiety Scale (AMAS; Hopko,
Mahadevan, Bare, & Hunt, 2003). Adaptations of some of
these instruments have also been validated in other languages
[e.g., the Spanish version of the Shortened Math Anxiety Rat-
ing Scale (Nufiez-Pefia, Suarez-Pellicioni, Guilera, &
Mercadé-Carranza, 2013) or the Single-Item Math Anx-
iety Scale (Nufiez-Pefia, Guilera, & Suarez-Pellicioni,
2013; SIMA)].

Besides proposing the Numerical Anxiety Scale, Dreger
and Aiken (1957) also hypothesized that MA was conceptu-
ally distinct from general anxiety. Some years later, a meta-
analysis by Hembree (1990) corroborated this prediction by
reporting a correlation of .38 between MA and trait anxiety,
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showing that although individuals who are high in MA also
tend to score high on trait anxiety, these two types of anxieties
are clearly separated. Moreover, MA has also been associated
with test anxiety. In this respect, Dew, Galassi, and Galassi
(1983) used different instruments for measuring MA (MAS,
ATMS, and the original MARS) and a measure of test anxiety
(the Spielberger Test Anxiety Inventory; Spielberger, 1977) to
study the relationship between these two types of anxiety.
They found that fully two thirds of the variance in MA was
shared among the different MA assessments (MAS, ATMS,
MARS) and that it was not explained by test anxiety. In a
similar vein, the study by Hunsley (1978), exploring similar-
ities and differences in the cognitive processes involved in
math and test anxiety, suggested that, in the context of math-
ematical examinations, MA had incremental validity in the
prediction of many cognitive processes (e.g., subjective rat-
ings of exam importance, postexam performance estimations,
and ratings of performance satisfaction) that were related to
MA but not to test anxiety. Finally, the previously mentioned
meta-analysis (Hembree, 1990) showed a correlation of .52
between MA and test anxiety, which, after correction for at-
tenuation, gave a coefficient of determination of .37, indicat-
ing that only 37 % of one construct’s variance was predictable
from the variance of the other. On the basis of these findings,
researchers claimed that “the two constructs do not seem to be
interchangeable” (Dew et al., 1983, p. 446) or that “it seems
unlikely that mathematics anxiety is purely restricted to
testing” (Hembree, 1990, p. 45), with MA deserving to be
considered a separate construct.

Although MA is not recognized in the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-1V; American Psy-
chiatric Association, 2000), it has been suggested that, in con-
trast to other subjects taught through formal education, math
appears to generate enough difficulty to be considered the
object of a genuine phobia (Ashcraft & Ridley, 2005). Simi-
larly, some researchers had previously claimed that MA fits
the classical definition of a genuine phobia: It is a state anxiety
reaction, it shows elevated cognitive and physiological arous-
al, and it is a stimulus- and situation-specific learned fear
(Faust, 1992). In this regard, Faust found physiological evi-
dence of increasing reactivity (i.e., changes in heart rate) when
math-anxious individuals performed math tasks of growing
difficulty, but not for a verbal task of similar difficulty, with
no kind of reactivity being observed for the low math-anxious
(LMA) group.

These physiological responses of high math-anxious
(HMA) individuals might underlie their negative attitudes to-
ward this discipline. In this respect, Hembree (1990) found a
negative correlation between MA and enjoyment of math
(grades 5-12, —.75; college, —47), self confidence in math
(grades 6-11, —.82; college, —.65), self-concept in math
(=.71), motivation in math (—.64), opinion about the useful-
ness of math (—.37), and attitudes toward math teachers (—.46).
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Thus, the sum of MA and negative attitudes toward math
might result in the avoidance of math-related situations and
numeric contents. In short, if one dislikes math and feels that
one is terrible at this subject, one will probably avoid math as
much as possible and not enroll in math beyond basic gradu-
ation requirements (Ashcraft, Krause, & Hopko, 2007). Relat-
ed to these findings is the study by LeFevre, Kulak, and Hey-
mans (1992), who constructed a regression model to predict
students’ choices of university majors varying in mathemati-
cal content. They found that whereas age, fluency in math, and
experience with math contributed significantly to the
prediction, a “math affect” factor, composed of MA
and avoidance measures, more than doubled the vari-
ance accounted for by the model. In this regard, the
meta-analysis by Hembree (1990) showed that MA sig-
nificantly correlated with the extent of enrollment in
high school math (» = —31), with the intent to enroll
in college math (» = —.32), and with the number of high
school math courses taken (» = —.45).

The unavoidable consequence of MA, math avoidance, and
negative attitudes toward this subject is that HMA individuals
tend to show worse performance when their math achieve-
ment is measured with standardized tests (Ashcraft & Krause,
2007). Negative correlations have been reported between MA
and math achievement for both precollege (—30 in Hembree,
1990; —.27 in Ma, 1999) and college (—27 in Hembree, 1990)
levels. However, the picture is less clear with regard to chil-
dren: Whereas the negative correlation between MA and math
achievement is evident for older elementary-school-aged chil-
dren (i.e., from 10 to 14 years old; Chiu & Henry, 1990), the
relationship between these two variables in younger children
is a matter of debate. More specifically, whereas some studies
have found no evidence of a relationship between MA and
calculation ability in 6- to 9-year-old children (Krinzinger,
Kaufmann, & Willmes, 2009; Thomas & Dowker, 2000),
others have reported that second and third graders (7-9 years
old) showed a negative significant correlation between their
scores on MA and their performance on a mathematical rea-
soning and numerical operation task (Wu, Barth, Amin,
Malcamme, & Menon, 2012), as well as in a task presenting
increasingly difficult math-related word problems (although
only for children with high WM capacity—see “A high level
of WM capacity” section below; Ramirez, Gunderson,
Levine, & Beilock, 2013).

It should also be noted that the most recent Program for
International Student Assessment (Organisation for Economic
Co-operation and Development [OECD], 2013) report
showed that the prevalence of MA was higher than previously
thought: 61 % of 15-year-old students from OECD countries
expressed concern at the prospect of getting bad grades in
math, around 30 % reported feeling incapable or nervous
when solving a math problem, 33 % acknowledged feeling
tense when solving math homework, and 59 % reported being

worried about the difficulty of math classes. Furthermore, MA
was shown to have a worrying negative effect on perfor-
mance: Greater MA was associated with a decline in perfor-
mance of 34 points, the equivalent of almost one year of
school. These data are cause for concern, given that math is
one of the foundations of our highly technological society, a
society that offers more and better employment opportunities
to those who are well trained in math and who can help in the
development of key areas such as science, technology, or en-
gineering. This means that MA impacts negatively on the
professional development, employment opportunities, and
even salary prospects of those students and future workers
who suffer from it.

However, the effects of MA are not only restricted to aca-
demic contexts, but have consequences for other aspects of
life. For example, it has been shown that MA prevents con-
sumers from computing prices accurately, leading them to
prefer easier-to-process dollars-off price promotions (ab-
solute discounts; e.g., $10 off, regular price $50) to
percentage-off formats (relative discounts; e.g., 20 %
off, regular price $50), even when the latter implied a
higher discount than the former (Suri, Monroe, & Koe,
2013). In addition, a significant negative relationship
has been found between levels of MA and self-
efficacy in performing numerical and drug calculations
in nursing students (McMullan, Jones, & Lea, 2012).

Math anxiety and numerical cognition

Until the 1990s, research on MA was mainly based on
assessing the relationship between MA and math atti-
tudes, math achievement, and other types of anxiety. A
number of studies also assessed the effect that the char-
acteristics of arithmetical problems had on performance,
revealing some of the most fundamental effects in this
field, such as the problem size effect (i.e., reaction times
[RTs] and errors increase as the size of the problem
increases; Ashcraft & Battaglia, 1978) or the split effect
(i.e., RTs and errors decrease as the proposed solution
in an arithmetic verification task deviates more from the
correct one; Ashcraft & Battaglia, 1978).

However, it was not until the study by Ashcraft and Faust
(1994) that the research on MA and numerical cognition con-
verged. Until that point, there was no evidence to support a
relationship between MA and differential processing of math
problems. To assess the existence of this relationship, Ashcraft
and Faust formed four groups according to the participants’
levels of MA and manipulated the complexity of the task by
presenting four stimulus sets in a verification task: two simple
sets including single-digit additions and multiplications, and
two complex sets including two-digit additions and mixed
arithmetic operations. Their findings can be summarized in
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three main points. First, they found that the four anxiety
groups performed rather similarly in the simple addition and
multiplication tasks, suggesting that the effect of MA on RTs
was either very weak or nonexistent in the overlearned simple
arithmetic operations of addition and multiplication. By con-
trast, complex additions and mixed arithmetic operations were
challenging enough to elicit the effects of MA. Given this
finding, the authors proposed the anxiety-complexity effect,
defined as a deterioration in HMA individuals’ performance
when the stimulus conditions become more difficult or com-
plex (Faust, Ashcraft, & Fleck, 1996). Second, they found that
Group 4 (highest HMA) was frequently faster than Group 3
(middle HMA), and sometimes faster than Group 2 (middle
LMA), but showed the highest error rates, suggesting that this
group seemed to sacrifice accuracy for speed (i.e., speed—ac-
curacy trade-off). Finally, for complex additions, the HMA
groups took the same time to reject false carry problems, re-
gardless of where the incorrect value was located (units or tens
column), suggesting that they did not take advantage of the
opportunity to self-terminate processing upon detecting the
incorrect value in the units column, a shortcut that their
LMA peers seemed to employ. The authors explained the
latter two findings as being manifestations of two different
types of avoidance. The first implies a global avoidance effect
(i.e., enrolling in fewer math courses or selecting college ma-
jors involving less math content), which would have left
HMA individuals less well-trained in mathematics; being less
knowledgeable about mathematics, they would have been less
keen to explore special strategies, thus failing in self-
terminating processing when the incorrect value was
presented in the units column. In addition, however,
Ashcraft and Faust claimed the existence of a local
avoidance effect resulting from the desire to complete
the math task as soon as possible, so as to leave the
uncomfortable situation of math problem solving. The
latter type of avoidance would be responsible for the
speed—accuracy trade-off, given that HMA individuals
would have responded faster simply to finish the math
task as soon as possible.

Given that Ashcraft and Faust (1994) found that HMA
individuals seemed not to use the self-terminating strategy
when verifying false problems, Faust et al. (1996) sought to
investigate this aspect further by studying the split effect, an-
other well-known effect in mathematical cognition, which has
been related to the use of different strategies. Large-split so-
lutions in an arithmetic verification task (when the proposed
solution is far away from the correct one; e.g., 3 + 7 = 25) are
considered to be solved by using a plausibility strategy—that
is, by easily ruling out the clearly incorrect solution without
completing the regular calculation process. Conversely, small-
split solutions (i.e., when the proposed solution is very close to
the correct one; e.g., 3 + 7= 11) are considered to be solved by
means of an exhaustive verification strategy, given that the
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exact calculation is necessary to give a response. In addition
to the classical measures of RTs and error rates, Faust et al.
(1996) created a new one, called flawed scores, which was
computed as the combination of two scores: the proportion
of errors and the proportion of extreme RTs. Since they were
considered to reflect both those difficulties that yielded an
error and those that generated an inordinately slow RT (Faust
et al., 1996), flawed scores were taken to show participants’
difficulties in processing. The results obtained by Faust et al.
can be summarized as follows: First, they found that the
greatest effects of MA were observed for complex problems
but not for simple ones, thus supporting the anxiety-
complexity effect described by Ashcraft and Faust (1994).
Second, very interesting results emerged for the split effect:
here, they found that whereas LMA individuals showed the
expected result on flawed scores (i.e., higher for small-split
solutions and reduced for the easiest large-split ones), the
highest HMA group (Group 4) showed an unexpected pattern,
generating more flawed scores as the level of split increased.
In other words, the highest-MA group showed a higher pro-
portion of flawed scores as the proposed solution deviated
more from the correct one, leading to a difference between
math-anxious groups in the largest-split solution, the one that
should be the easiest to rule out due to its being clearly im-
plausible. The authors interpreted this finding as probably
showing an overall difference in some decision or evaluation
stage of performance on the part of highly anxious participants
(Faust et al., 1996).

Despite the surprising nature of this finding, the relation-
ship between MA and the split effect was not investigated in
greater depth until the recent study by Suarez-Pellicioni,
Nuiez-Pena, and Colomé (2013a). These researchers aimed
to replicate Ashcraft and colleagues’ findings on flawed
scores while also recording electrophysiological evidence in
an attempt to account for such a curious result. To this end,
they formed two groups of participants who were extreme on
their MA scores (measured with the SMARS test; Nufiez-
Pefia, Suarez-Pellicioni, et al., 2013) and then administered a
single-digit addition verification task (addends between 2 and
9). The solutions could be correct (e.g., 4 + 7 = 11), small-split
(£1 from the correct solution; e.g., 4 + 7 = 12), or large-split (+
14 from the correct solution; e.g., 4 + 7 = 25). Apart from
reproducing the previous findings on flawed scores (i.e., a
higher percentage of flawed scores for large-split solutions
only for the HMA group), Suarez-Pellicioni et al. (2013a) also
found a P600/P3b component of greater amplitude and de-
layed latency for the HMA group as compared with their
LMA counterparts, but once again, only for large-split solu-
tions. Given that the amplitude of this component is taken to
indicate the amount of attentional resources allocated to a
stimulus, and its latency is considered to reflect the speed of
stimulus processing, these results were interpreted as showing
that HMA individuals were spending more time and resources
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on processing a solution that could easily have been ruled out
due to being obviously incorrect. The authors concluded that
this pattern of flawed scores suggested that these individuals
had succumbed to the distracting nature of large-split solu-
tions, which differed greatly from the correct solution and
from the addends.

Explanations of math anxiety
MA as task-related competition for WM resources

The pioneering researchers in the field of MA interpreted its
effects within the framework of processing efficiency theory
(PET; Eysenck & Calvo, 1992), one of the most important
theories aiming to explain the relationship between anxiety
and performance in cognitive tasks. According to PET, the
anxiety reaction involves worrying intrusive thoughts that
consume the limited attentional resources of the central exec-
utive of WM, which are therefore less available for current
task processing. This implies that the adverse effects of anxi-
ety on performance should be greater on tasks imposing sub-
stantial demands on the processing capacity of the central
executive of WM. Ashcraft and collaborators extended this
explanation to the field of MA by claiming that MA
would affect performance only if the task depended on
substantial WM processing—that is, only for complex
arithmetic (i.e., the anxiety-complexity effect)—and be-
cause WM resources would be devoted to the anxious
reaction (i.e., worrying intrusive thoughts) generated by
the math task rather than to task processing (Ashcraft &
Faust, 1994; Faust et al., 1996).

However, this hypothesized relationship between MA and
WM was not formally investigated until the study by Ashcraft
and Kirk (2001). In their first experiment, they assessed par-
ticipants’ WM capacity by requiring them to store an increas-
ing number of words or digits in WM while processing simple
verbal or arithmetic tasks. In the verbal task, participants heard
anumber of simple sentences (e.g., “Last fall the farmers had a
good harvest”), had to answer a simple question (e.g.,
“When?”), and then had to recall the final word of each of
the sentences (e.g., “harvest”) in serial order. In the numeric
task, participants had to solve an arithmetic verification task
(e.g.,5+2=7;6+3=7)and then recall the last addends of
each operation, in order (e.g., 2, 3). The authors carried out a
correlational analysis and found that higher MA was associat-
ed with lower WM span, but only for the arithmetic verifica-
tion task, with almost no relationship being observed between
MA and language-based span. In a second experiment, partic-
ipants were tested in a dual-task paradigm in which they were
asked to hold a string of either two or six random
letters in WM while solving an addition problem (in-
volving carrying and noncarrying additions), and to

recall the letters presented in the first place. The results
showed that errors increased substantially when memory
load was heavy (i.e., six letters), especially for the ad-
dition problems requiring carrying. This pattern was ap-
parent in all of the groups, but was especially dramatic
in the highest math-anxious one. By contrast, when the
WM load was light (i.e., two letters) and no carrying
was involved, error rates were quite low and very sim-
ilar across the MA groups. As a whole, the authors
concluded that higher levels of MA were related to low-
er available WM capacity, but not as a stable character-
istic; rather, it was postulated that HMA individuals
experienced a temporary reduction in processing capac-
ity when their anxiety was aroused, which would ham-
per their performance in any math task that relied sub-
stantially on WM. In short, according to Ashcraft and
Kirk’s account, MA functions like a dual-task proce-
dure, leading to diminished performance in any primary
math task relying on resources from WM.

MA as a deficit in low-level numerical representation

For several years, the explanation put forward by Ashcraft and
colleagues as to why MA affects math performance remained
the prominent one. Consequently, differences between math-
anxious groups were only expected for complex arithmetic—
that is, the kind of operations requiring more resources from
WM (e.g., carrying, borrowing, etc.).

Within this context, Maloney, Risko, Ansari, and
Fugelsang (2010) carried out an experiment to study the pos-
sibility that the complex-math deficits observed in HMA in-
dividuals might arise due to deficits in low-level numerical
processing skills. To this end, they tested participants using a
visual enumeration task involving sets of squares. Two dis-
tinct patterns of performance are considered to emerge in this
kind of task: First, subitizing, which is shown when one to
four elements have to be enumerated, and which is character-
ized by fast and accurate performance, showing a small in-
crease in RTs and typically no decrease in accuracy as the
number of stimuli presented increases; second, counting,
which is used when five or more elements are presented and
is characterized by an increase in RTs and a decrease in
accuracy as the number of elements increases. More-
over, these two processes are considered to differentially
tap WM, with counting making greater demands than
subitizing (Tuholski, Engle, & Baylis, 2001). Maloney
et al. (2010) found that HMA individuals did not differ
in subitizing but performed significantly worse in the
counting range (5-9), as compared with LMA partici-
pants. According to these authors, this finding argued
against the anxiety-complexity effect proposed by
Ashcraft and colleagues, given that math-anxious groups
differed in a task as simple as enumerating the quantity

@ Springer



Cogn Affect Behav Neurosci (2016) 16:3-22

of stimuli presented.’ On the other hand, Maloney et al.
(2010) also included participants’ WM capacity (mea-
sured with backward digit span and backward letter
span tasks) as a covariate, and found that the Group x
Number interaction was no longer significant, suggest-
ing that group differences in WM capacity were proba-
bly mediating the group effect on performance. Conse-
quently, Maloney et al. (2010) suggested that the effect
of MA might involve a lower-level deficit in numerical
processing and that the anxiety-induced WM reduction
would play a secondary role by serving to further exac-
erbate the effects of low-level deficits.

In a subsequent study (Maloney, Ansari, & Fugelsang,
2011), the same research group performed another experiment
in order to further investigate a possible deficit in numerical
magnitude representation in HMA individuals, but this time
by means of two numerical comparison tasks: one in which
participants had to compare a number with a standard (i.e.,
lower/higher than 5), and another in which they had to com-
pare two digits presented simultaneously (i.e., 3 8; which is
the largest?); the latter is considered to involve fewer WM
resources than the former, given that there is no standard to
keep in mind. In order to assess how precise the participants’
representations of numbers were, Maloney and
collaborators (2011) analyzed the numerical distance
effect, consisting in participants being faster and more
accurate when the distance between the two numbers to
be compared increased (e.g., it is easier to compare 2
vs. 9 than to compare 6 vs. 8). This effect is considered
to reflect the relative overlap of numerical magnitude
representations on the mental number line (Dehaene,
1997) and has been associated with variability in math-
ematical skills (Holloway & Ansari, 2009).

Maloney et al. (2011) found that for both types of numer-
ical comparison task, the effect of numerical distance on RTs
was larger for HMA than for LMA individuals (i.e., HMA
individuals needed more time as the distance between num-
bers was reduced, as compared with the LMA participants).
Thus, while their previous study found (according to the
authors) evidence opposing the complexity hypothesis,
this subsequent one cast doubts on the role of WM
and suggested that a less precise representation of
numerical magnitude might play a role in MA. Indeed,

! The question, however, is how to differentiate between simple and
complex arithmetic. Where is the line dividing them? Thus, although
counting can be considered, a priori, to be a quite simple task, the fact
that it requires more WM resources than does subitizing (Tuholski et al.,
2001) might be enough to consider it as being more complex. In this
sense, the fact that differences between math-anxious groups emerged
for the complex task (i.e., counting; more WM demanding) but not for
the simple one (i.e., subitizing; less WM demanding) could indeed give
support to the anxiety-complexity effect proposed by Ashcraft and
colleagues.
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Maloney and collaborators (2011) proposed that a hy-
brid theory might best explain the phenomenon of MA:
HMA individuals might suffer from a low-level numer-
ical deficit that would form the basis of their difficulties
with more complex mathematics. These math difficul-
ties, in turn, would result in WM-demanding rumina-
tions when they performed math tasks, which would
exacerbate the initial difficulties they experienced.

A very recent study aimed to further investigate this claim
of a less precise representation of numerical magnitude in
HMA individuals by means of the ERP technique, by analyz-
ing both size and distance effects (Nufiez-Pefia & Suarez-
Pellicioni, 2014). To this end, two groups extreme on math
anxiety (assessed using the sSMARS; Nufiez-Pefia, Suarez-
Pellicioni, et al., 2013) were given a numeric comparison task,
in which pairs of single-digit Arabic numbers were presented;
the participants’ task was to report the side of the screen (left
or right) where the number of higher numerical magnitude had
appeared. Nufez-Pefia and Suarez-Pellicioni found that both
the size and distance effects were larger for the HMA group
than for their LMA peers: HMAs needed longer to respond to
large numbers (e.g., 8 and 9) than to small ones (e.g., 1 and 2)
(larger size effect), and they also needed more time to respond
to numbers that were close to one another (distance 1;
e.g., 8 and 9) than when they were more separated
(distance 7; e.g., 2 and 9) (larger distance effect). As
for the ERPs, the authors analyzed a P2 component, the
amplitude of which is considered to be sensitive to the
distance between two numbers to be compared, and
therefore to be a good marker of the approximate nu-
merical magnitude processing. Nufiez-Pefia and Suarez-
Pellicioni found a P2 component of larger amplitude for
the HMA group than for their LMA counterparts for
both the distance and size effects. This study was
therefore the first to provide psychophysiological
evidence for a less precise representation of numerical
magnitude in individuals high in math anxiety.

However, it should be noted that although Maloney and
colleagues (2011) and Nufez-Pefia and Suarez-Pellicioni
(2014) interpreted the numerical distance effect as showing
the acuity of numerical representation, this is not the only
interpretation of the effect, since it has also been suggested
that it can be accounted for by response selection processes
(Banks, 1977; Van Opstal, Gevers, De Moor, & Verguts,
2008). According to this view, the numerical distance effect
in comparison tasks is due to the monotonic connection
weights (for a more detailed explanation, see Verguts, Fias,
& Stevens, 2005), given that, as the numbers become closer,
the activation of the correct output node decreases, thus in-
creasing RTs. According to this alternative interpretation,
HMA individuals would have shown difficulties in
selecting the correct response when the two numbers
were closer, and thus would have differed from their



Cogn Affect Behav Neurosci (2016) 16:3-22

LMA peers in response selection but not in their repre-
sentation of numerical magnitude.”

Math anxiety as an inhibition/attentional-control deficit

Hopko and colleagues were the first to question whether sus-
ceptibility to distraction among HMA individuals might un-
derlie the negative effects of disruptive thinking on WM, as
was proposed by Ashcraft and collaborators. To this end,
Hopko, Ashcraft, Gute, Ruggiero, and Lewis (1998) presented
paragraphs for oral reading to participants classified as being
low, medium, and high math-anxious. The task for partici-
pants consisted in reading aloud the italicized parts of para-
graphs, which could be math-related or neutral, while trying to
ignore the nonitalicized parts of the text, which could be either
words (experimental condition) or a string of Xs (control con-
dition) embedded as distractors within the paragraph. The
words used in the experimental condition included both neu-
tral (i.e., words unrelated to the paragraph content) and math-
related (i.e., math words that were also unrelated to the para-
graph content) distractors. After reading, participants were
asked a series of questions in order to assess their level of
comprehension of the paragraph content. Hopko and
collaborators (1998) found that although all participants had
slower reading times when words (rather than Xs) were em-
bedded in the text (regardless of whether or not the word was
math-related), the increase in reading times was particularly
strong for the high and medium math-anxious groups. How-
ever, the additional time that these groups took to read the
paragraphs was spent not on improving their memories (the
groups scored fairly similarly on the comprehension test) but,
it was postulated, on reading the nonitalicized parts of the text
(which should be ignored). In light of these results, the authors
suggested a modification of Ashcraft and colleagues’ account
by claiming that it would be more accurate to implicate a
failure to inhibit attention to these thoughts as the key to un-
derstanding the relationship between worrying thoughts and
the reduction in WM resources (Hopko et al., 1998).

In a later study, Hopko, McNeil, Gleason, and Rabalais
(2002) formed two groups that were extreme in MA (top
and bottom 20 % of the distribution) and administered a card
version of the numeric Stroop task, in which participants were
told to state the quantity of numeric and nonnumeric (i.e.,
letter) stimuli (e.g., 222222, correct answer: six) while
avoiding the interference of numeric identity. In this respect,
the Stroop task has traditionally been used to measure the

2 Consequently, if we consider this alternative explanation of the results
obtained by Maloney et al. (2011), their findings would be further evi-
dence in support of the attentional-control-deficit account of MA (see the
next section), since response selection is considered to rely on the dorso-
lateral prefrontal conrtex (Rowe, Toni, Josephs, Frackowiak, &
Passingham, 2000), a key brain area for attentional control.

inhibition function, given that it requires the ability to focus
attention on relevant information and inhibit that which is
irrelevant. By means of the numeric version of the Stroop
task, Hopko et al. (2002) found that the HMA group took
significantly longer to respond to numeric than to nonnumeric
stimuli, whereas the LMA group showed no differences in this
respect. They interpreted this finding as evidence of the diffi-
culty that HMA individuals have in the dual task of inhibiting
attention to the magnitude conveyed by the numeric stimuli
while simultaneously attending to their quantity. In short, they
suggested that math-anxious individuals may possess a more
trait-like inability to suppress attention to distracting informa-
tion, a deficit that would not be dependent on exposure to
numerical content.

In a more recent study, Suarez-Pellicioni, Nufiez-Pefia, and
Colomé (2014) used ERPs to explore in greater depth the
previously reported inhibitory deficit in HMA individuals.
To this end, they formed two groups extreme on MA (using
the SMARS test; Nufiez-Pefia, Suarez-Pellicioni, et al., 2013)
and administered a numerical Stroop task in which partici-
pants had to respond to the number of greater numerical mag-
nitude, while avoiding the influence of the distracting dimen-
sion of the stimulus, its physical size.> By using the ERP
technique to study how HMA individuals process conflicting
stimuli (i.e., incongruent trials) as opposed to nonconflicting
ones (i.e., congruent ones), these researchers expected to ob-
tain more specific information about possible differences be-
tween math-anxious groups in the different stages of conflict
processing. More specifically, they measured an N450 com-
ponent, linked to conflict detection, and a subsequent conflict-
sustained potential (hereinafter, conflict-SP), linked to the pro-
cesses that take place in order to overcome conflict. They then
performed two different analyses: conflict monitoring, calcu-
lating difference waves by subtracting the congruent condition
from the incongruent one, and conflict adaptation, calculating
the same difference waves, but separately for those trials pre-
ceded by congruence and those preceded by incongruity.

This study by Sudrez-Pellicioni et al. (2014) reproduced
previous findings showing a greater level of interference in
RTs for HMA individuals as compared with LMA ones, sug-
gesting once again that the former had difficulties in inhibiting
attention to the irrelevant dimension of the task. Regarding
ERPs, no significant differences were obtained for the
conflict-monitoring analysis. However, the conflict adaptation
analysis showed that whereas for the LMA group showed no
differences for the conflict-SP with regard to the congruence

31t should be noted that the tasks used by Suédrez-Pellicioni and col-
leagues (2014) and Hopko and colleagues (2002) differed from the ones
used by Maloney and colleagues (2011): Where the former two groups of
researchers used simple tasks involving the inhibition function, the latter
used tasks involving basic numerical magnitude representation without
inhibitory requirements.
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of the previous trial, the HMA group presented a greater
conflict-SP for interference preceded by congruence than by
incongruence. Given that this component has been considered
to reflect the execution of top-down control (Larson,
Kaufman, & Perlstein, 2009), the authors interpreted their
results as showing a proactive execution of attentional control
after conflict detection in the LMA group, as compared with a
reactive execution in the HMA group, a conclusion that is in
line with previous claims and results for other types of
anxiety (see Braver, Gray, & Burgess, 2007; Fales et al.,
2008; Osinsky, Gebhardt, Alexander, & Hennig, 2012).
In other words, they claimed that whereas LMA indi-
viduals would have exerted attentional control in a
sustained way, the HMA group would have exerted at-
tentional control in a transient way—that is, only when
conflict was encountered in processing (i.e., only after
incongruent trials). In short, given that the reactive re-
cruitment of attentional control is considered to lead to
greater vulnerability to distraction, they suggested that
the greater interference experienced by HMA individuals
in Stroop-related tasks may be related to the reactive
way in which they exert attentional control.

It should be noted that although Suarez-Pellicioni et al.
(2014) replicated the greater vulnerability to distraction found
by Hopko and colleagues (2002) in the numerical Stroop task,
they did not interpret this finding in the same way. Hopko and
colleagues (2002) interpreted their findings in the context of
PET (Eysenck & Calvo, 1992), which was the prominent the-
ory explaining the negative effects of anxiety on performance
at the time they conducted their research. Subsequently, how-
ever, PET began to be questioned, mainly for lacking preci-
sion and explanatory power. For example, the notion that anx-
iety impaired the processing efficiency of the central executive
of WM was considered to be imprecise because it did not
specify which central executive functions were most adverse-
ly affected by anxiety. Similarly, although several studies had
shown greater distractibility in high-anxious individuals
(Eysenck, 1992; Eysenck & Byrne, 1992), no theoretical as-
sumptions within PET could account for these findings. As a
result, PET (Eysenck & Calvo, 1992) was reformulated into
what became known as atfentional-control theory (Eysenck,
Derakshan, Santos, & Calvo, 2007; hereinafter, ACT), which
extended the scope of its predecessor while also being more
precise as to the effects of anxiety on the functioning of the
central executive of WM. Subsequent articles on MA, such as
those by Suarez-Pellicioni and colleagues, were based
on ACT.

According to ACT, the specific function of the WM central
executive that is affected by (general) anxiety is attentional
control, with anxiety causing an imbalance between the stim-
ulus-driven attentional system (bottom-up) and the goal-di-
rected attentional system (top-down). Consequently, high-
anxious individuals would be more influenced by the
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stimulus-driven attentional system, which would make them
more vulnerable to bottom-up attentional intrusions—in other
words, more vulnerable to distraction. By contrast, the same
individuals would be less influenced by the goal-directed at-
tentional system, which would make it difficult for them to
focus on task objectives, thus increasing, again, the influence
of distractors. In this respect, whereas PET had argued that
anxiety impairs processing efficiency or performance because
it produces worrying thoughts, in ACT this explanation is
subsumed within a broader conceptualization, according to
which anxiety impairs the inhibition function: Anxious indi-
viduals are more distracted by task-irrelevant stimuli, regard-
less of whether these stimuli are external (i.e., conven-
tional distractors) or internal (i.e., worrying thoughts,
ruminations, etc.).

Origins and maintenance of MA

Several studies have reported that MA emerges very early in
childhood (Krinzinger et al., 2009; Ramirez et al., 2013;
Thomas & Dowker, 2000; Wu et al., 2012), it being already
present in children in first through third grade (i.e., 6-9
years old).

The question, however, is why young children develop
MA. How is it maintained? To date, the majority of studies
have focused on environmental exposure to failure in mathe-
matics as a potential primary mechanism for MA development
(Ashcraft et al., 2007; Bekdemir, 2010; Meece, Wigfield, &
Eccles, 1990). However, more recent studies have pointed to
other factors that may also play a role, such as a low level of
math ability, an attentional bias, WM capacity, an abnormal
response to errors, or genetic factors.

Environmental factor

Ashcraft, a pioneer in research on MA, noted that sev-
eral of his participants reported that public embarrass-
ment in math classes contributed to the development of
their anxiety toward math (Ashcraft, 2002). Similarly,
Bekdemir (2010) found that among preservice teachers,
those who reported bad experiences in the math class-
room were the ones who showed a higher level of MA,
as compared with those teachers reporting no negative
experiences. This finding suggests that negative events
associated with math (e.g., instructors’ hostile behavior,
peer pressure, the inadequacy of instructors, etc.) may
be directly related to the origins of this type of anxiety.

In relation to negative experiences with math, the role of
teachers seems to be key. Turner and collaborators (2002)
claimed that teaching based on high demand for correctness
but providing little cognitive or motivational support may lead
to avoidance on the part of students (Turner et al., 2002),
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which may constitute a risk factor in the development
of MA. Another important aspect in this regard is
teachers” own level of MA and the effect that this
may have on students’ learning and performance. In this
respect, a moderate negative correlation has been found
between teachers’ level of MA and math teacher effica-
cy, it being shown that the preservice teachers with the
lowest degree of MA had the highest levels of math
teacher efficacy (Swars, Daane, & Giesen, 2000).

Moreover, teachers have also been considered to be
one of the paths through which negative gender stereo-
types can be endorsed. Gender stereotypes seem to
critically affect the performance of female students.
For example, Beilock, Rydell, and McConnell (2007)
tested two groups of women on a multistep mathemat-
ics problem and found that the stereotype threat group,
which was told that the task was being used to inves-
tigate why women do worse than men in mathematics,
showed worse performance than the control group,
which was told that the researchers were studying
problem solving. In this respect, it has been suggested
that simply asking women to identify their gender be-
fore a math test can induce stereotype threat in them
(Stricker & Ward, 2004).

In a similar vein, Beilock, Gunderson, Ramirez, and
Levine (2010) carried out a study to investigate the
effect of teachers’ own level of MA on students’ math
learning by measuring students’ beliefs about gender
and academic success in mathematics and the extent to
which they adhered to traditional gender stereotypes
(e.g., boys are good at math and girls are good at read-
ing). They also assessed the levels of MA of 17 first-
and second-grade female teachers and the math achieve-
ment of their students at the beginning and end of the
course. They found that by the end of the school year,
the more anxious that teachers were about math, the
lower the math achievement in girls who had reported
traditional ideas on gender abilities (this relationship
was nonsignificant at the beginning of the school year;
Beilock et al., 2010). The authors concluded that in
early elementary school, teachers MA had negative
consequences for girls’ math achievement by influenc-
ing their beliefs about who is good at math.

In addition to teachers, parents can also extend gen-
der stereotypes to their children by expressing ideas
such as “math is more difficult for girls” or “boys do
best on math.” These kinds of messages can negatively
affect girls’ attitudes toward math and, especially, their
beliefs about their ability to do math (Goetz, Bieg,
Lidtke, Pekrun, & Hall, 2013), with the corresponding
effects on performance. In this respect, this gender ste-
reotype about women’s abilities with math content,
exerted by parents, teachers, and others, might be

responsible for the overall higher levels of MA reported
by females® as compared with males (Hembree, 1990).

Apart from the role of gender, it is known that, in general, a
child’s attitude toward mathematics can be considerably influ-
enced by the parents’ attitudes toward this subject. More spe-
cifically, it has been shown that parental beliefs about a child’s
math abilities are related to this child’s math self-efficacy be-
liefs and performance level (Eccles, Jacobs, & Harold, 1990).
In this respect, parents’ negative attitudes toward math and
low expectations of their child’s abilities with math can con-
tribute to the development of MA in their young children, by
“transferring” to them this negative conception of math and
by making them question their own abilities to do math, nega-
tively impacting their self-concept and self-efficacy beliefs.

However, parents can also exert a positive effect on their
children’s MA. In this respect, there is considered to be a
general link between parenting practices and children’s
anxiety-related behaviors (McLeod, Wood, & Weisz, 2007),
with parental involvement playing an important role in young
children’s school success (Jeines, 2003). In the field of MA,
Vukovic, Roberts, and Wright (2013) carried out a study
assessing the relationship between parental involvement and
children’s math achievement, paying special attention to MA
as a mediating factor. They found that parental involvement
(home support and expectations for mathematics) influenced
children’s performance on higher levels of math (word prob-
lem solving, pre-algebraic reasoning, geometry, data analysis,
and probability) by reducing their level of MA, thus suggest-
ing that MA served as a mediator specifically for higher-order
domains of mathematics.

Genetic factor

Ashcraft et al. (2007) speculated that MA was influenced by a
complex interplay among several factors, which included a
biological predisposition toward anxiety. Their guess was sup-
ported by a very recent study investigating the genetic and
environmental factors contributing to MA in monozygotic
and same-sex dizygotic twins. Wang et al. (2014) found that
the development of this anxiety may involve not only expo-
sure to negative experiences with math but also genetic risk
factors, which accounted for roughly 40 % of the variation in
MA. More specifically, a more in-depth analysis showed that
MA was influenced by the genetic and nonfamilial environ-
mental risk factors associated with general anxiety and by

“ In this respect, other evidence has suggested that girls, despite reporting
higher levels of trait MA, did not experience more state MA than boys,
suggesting that the relationship between MA and gender is, in fact, non-
existent (Goetz et al., 2013). On the other hand, other researchers have
suggested that the relationship between MA and gender is mediated by
factors such as test anxiety (Devine, Fawcett, Sziics, & Dowker, 2012) or
spatial ability (Maloney et al., 2012).
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additional, independent genetic influences associated with
math-based problem solving. In short, the authors claimed that
genetic risks underlying poor math ability and general anxiety
may predispose children to the development of MA.

An initial low level of math ability

As we mentioned above, MA is considered to negatively af-
fect the level of performance of math tasks in those individuals
who suffer from it. However, might it not be the case that MA
is due to an initial low level of math ability? In this respect, a
study aiming to determine the causal ordering between MA
and math ability showed, by means of structural equation
modeling, that prior low math achievement appeared to cause
later high MA across the entire junior and senior high school
grades, whereas prior high MA hardly ever caused later low
math achievement (Ma & Xu, 2004).

More specifically, two different abilities—discussed in the
following two subsections—have been claimed to be impaired
in HMA individuals, and therefore, might play a role in the
origin of MA.

Problems with domain-general abilities

It has been suggested that intellectual aspects such as poor
abstract thinking or visuospatial processing may contribute
to the development of MA (Eden, Heine, & Jacobs, 2013).
In this respect, a very recent study showed that individuals
high in MA reported a worse sense of direction and performed
worse on behavioral tests of small- and large-scale spatial
skills (Ferguson, Maloney, Fugelsang, & Risko, 2015). Simi-
larly, Maloney, Waechter, Risko, and Fugelsang (2012) found
that sex differences in MA were mediated by spatial process-
ing abilities. More specifically, they suggested that poor spa-
tial abilities can constitute an obstacle to achievement in math,
so children with poor spatial abilities would be more likely to
experience negative experiences with math than would their
peers with better spatial abilities, highlighting for the first time
the possible role of this ability in the development of MA.

Problems with “number sense”

As was commented above, Maloney and colleagues (2011)
proposed that HMA individuals are characterized by problems
with “number sense” (Dehaene, 1997), which would manifest
as less precise representations of numerical magnitude. Thus,
they proposed that a deficit in this very basic numerical ability
could be at the base of MA development, compromising the
development of a higher level of mathematics.

Conversely, other researchers have claimed that there is no
compelling evidence that poor performance causes MA, given
that the relationship between MA and math ability (as well as
between MA and IQ) is small, and that special work to
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enhance students’ competence in math failed to reduce their
levels of MA (Hembree, 1990). In a similar vein, Eden, Heine,
and Jacobs (2013) claimed that the lack of significant correla-
tions between MA and math performance in young popula-
tions (e.g., Krinzinger, Kaufmann, & Willmes, 2009; Thomas
& Dowker, 2000) might indicate that MA cannot be a conse-
quence of poor math ability (since otherwise they would co-
occur, and a correlation would be found). Indeed, Eden et al.
argued that this lack of correlation shows, in all likelihood,
that MA leads to a low level of math performance and
not the other way around, which would be in line with
what Ashcraft and Faust (1994) claimed, whereby glob-
al avoidance would be the mechanism responsible for
leading from initial MA to consequent low math perfor-
mance on standardized tests.

To complete the picture regarding the relationship between
these variables, it should be noted that it has also been claimed
that the negative relationship between MA and low math per-
formance might not exist, given that low scores on math per-
formance are usually obtained through time-limited tests, sit-
uations in which the effects of MA on performance are more
negative, and hence HMA individuals’ scores on math ability
assessments would indeed be underestimates of their true abil-
ity to perform math tasks (Ashcraft & Moore, 2009).

A high level of WM capacity

As we commented above, the initial explanation of MA
claimed that WM was the primary contributor to HMA indi-
viduals’ performance deficits (Ashcraft & Kirk, 2001). Ac-
cording to this account, MA produces a transitory disruption
of WM, which is why the negative effects of performance
would be shown only for those tasks relying on those WM
resources (i.e., complex tasks). However, recent evidence ob-
tained with 6- to 8-year-old children has shown that the neg-
ative relationship between MA and math achievement was
present only for those children showing high WM capacity,
as compared with their lower-WM-capacity peers (Ashcraft &
Kirk, 2001). The authors explained their findings as suggest-
ing that higher-WM individuals might be more prone to poor
performance as a function of MA because they would rely
heavily on problem-solving strategies that load WM (e.g.,
direct retrieval, which requires retrieving facts from long-
term memory and inhibiting competing answers). Conversely,
lower-WM individuals, using less sophisticated (and less
WM-demanding) problem-solving strategies (e.g., finger
counting), would have little to lose through the depletion of
WM resources by MA (Ramirez et al., 2013). Interestingly,
the authors highlighted that, paradoxically, the students with
greater potential for high math achievement (those with high
WM capacity) are also the ones more susceptible to the dele-
terious effect of MA.
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Attentional bias toward math-related information

Given that it is a type of anxiety, MA may develop or be
maintained through the same mechanisms as are general anx-
iety and other specific types of anxiety. Research on the etiol-
ogy and maintenance of anxiety disorders has assigned a
prominent role to attentional bias toward threat-related infor-
mation (Mathews & MacLeod, 2002). More specifically, this
bias can be defined as a differential attentional allocation to-
ward threatening stimuli, relative to neutral stimuli
(Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, &
van lJzendoorn, 2007; MacLeod, Mathews, & Tata, 1986),
and it has traditionally been measured by means of the emo-
tional Stroop task (Williams, Mathews, & MacLeod, 1996).
On the basis of the original color conflict effect described by
Stroop (1935), the emotional version of this task involves the
presentation of emotionally charged or threatening words in
different colors, with the task for participants being to report
the presentation color of that word. An emotional Stroop ef-
fect is shown when the participant takes significantly longer to
color-name words specific to his or her pathology or concerns,
as compared with neutral control words. This emotional
Stroop effect is considered to index the extent to which par-
ticipants’ attention is biased toward processing the content of
words at the expense of solving the task (i.e., reporting the
presentation color of these words).

To date, three experiments have sought to investigate
whether HMA individuals are characterized by an attentional
bias toward math-related information. McLaughlin (1996)
was the first to use an emotional Stroop task including math-
related and neutral words. The fact that this study showed no
increase in RTs to math-related words for HMA individuals
probably came about because the sample did not include
groups presenting extreme levels of MA (the groups were
formed using a split-half procedure, based on participants’
mean MA), or because a paper version of the task was used.
A second study carried out by Hopko, McNeil, Gleason, and
Rabalais (2002) used the same task and materials as
McLaughlin, but introduced certain innovations: First, these
authors used a computer version of the task, which was con-
sidered to be a more powerful way of assessing interference
than was the paper version (MacLeod, 1991), and second,
they formed groups to be extreme in their MA scores (top
and bottom 20 %). Despite these modifications, they still
found no evidence of an emotional Stroop effect among
HMA individuals. However, they acknowledged that their
study might have had some methodological limitations (e.g.,
response latencies were calculated for 100 words that ap-
peared together on the same screen; the kind of words used,
such as polynomial and theorem, was probably too abstract
and, therefore, less familiar to HMA individuals).

More recently, a third study on the question of attentional
bias was conducted by Sudrez-Pellicioni, Nufiez-Pena, and

Colomé (under review), who sought to overcome the
abovementioned methodological shortcomings. In addition
to maintaining the modifications introduced by Hopko et al.
(2002) in their study, these researchers incorporated three new
ones: Words were presented individually, they were signifi-
cantly related to mathematics for the participants involved,’
and several subject variables, such as trait anxiety, were con-
trolled. Differences between math-anxious groups did finally
emerge, showing that HMA individuals needed longer to re-
port the color of math-related words as compared with neutral
words, whereas no such difference emerged for their LMA
counterparts. According to the interpretation of the emotional
Stroop effect, HMA individuals’ attention would have been
directed to processing the content of the math-related words,
thus distracting them from the main task of reporting the
words’ color. Given that an attentional bias toward threatening
information has been considered a cognitive marker of numer-
ous types of anxiety (Bar-Haim et al., 2007), playing an im-
portant role in anxiety’s origin and maintenance (Beck,
Emery, & Greenberg, 1985), attentional bias toward math-
related information could also be a possible mechanism by
which MA might originate and be maintained and/or
aggravated.

Abnormal processing of numeric errors

In a recent study, Suarez-Pellicioni, Nufiez-Pefia, and Colomé
(2013b) explored differences in error processing between
LMA and HMA individuals by means of the ERP technique.
These authors formed two groups according to the partici-
pants’ levels of MA and then administered both a numeric
version of the Stroop task, in which participants had to report
the numerical magnitude of the digit while ignoring its phys-
ical size (e.g., 2 8), and a classical version of the Stroop task
(control task), in which the Spanish words rojo, verde, and
azul (i.e., “red,” “green,” and “blue,” respectively) were pre-
sented in either red or green and the task for participants was
to report the presentation color. The researchers analyzed the
electrophysiological correlate at the moment when the re-
sponse was given, and compared the error-related negativity
(ERN), an ERP component that appears 50 ms after error
commission, between groups and for each task. They found
that this component showed enhanced amplitudes for errors
committed in the numeric task as compared with the classical
one, but only for the HMA group; there were no differences
between the tasks for the LMA group. Suérez-Pellicioni et al.
(2013b) also used standardized low-resolution

> The words were obtained through a questionnaire asking psychology
undergraduates (n = 117) to write down the first 15 words that came to
mind when thinking about mathematics. From this information, the 14
words that were most reported by students as being math-related were
selected for the experiment.
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electromagnetic tomography (SLORETA) to determine the
brain electrical sources of this component, and found a greater
involvement of the right insula for errors committed in the
numeric as compared with the nonnumeric task in the HMA
group, but no differences for the LMA participants. Given that
the ERN has been interpreted as indicating the significance of
and emotional reaction to errors and has shown greater ampli-
tude in several anxious samples (e.g., Gehring, Himle, &
Nisenson, 2000; Weinberg, Olvet, & Hajcak, 2010), and also
considering the greater insular involvement for numerical er-
rors, the authors concluded that HMA individuals showed a
greater emotional response to self-committed errors in a task
involving numbers, as compared with a neutral one. All of us
have committed numerous errors in math, and all of us have
learned from them. However, if an individual with a tendency
to be HMA has a negative emotional reaction every time he or
she fails, this will only contribute to the development of neg-
ative attitudes toward math and encourage the avoidance of
math-related contents/situations, factors that then serve to con-
solidate the anxiety experienced therein.

MA and the brain

Although the bulk of early research on MA had used behav-
ioral measures to test hypotheses (i.e., RTs, error rates, and
flawed scores), Ashcraft and Ridley (2005) suggested that
investigating the neural regions that are active when HMA
and LMA individuals perform a math task, especially in com-
bination with parallel tests on nonmathematical stimuli, would
be enormously useful (Ashcraft & Ridley, 2005). Following
this suggestion, recent research has incorporated new tech-
niques, such as ERPs, in order to obtain more sensitive mea-
surements of the timing of math-related processes, whereas
fMRI has been used to identify the brain areas involved
in them.

Young, Wu, and Menon (2012) used fMRI to analyze the
brain activity of 46 seven- to nine-year-old students with dif-
ferent levels of MA while they performed an addition and
subtraction verification task. Young et al. found that at these
early ages, MA was associated with hyperactivity of the right
amygdala, which was observed in conjunction with lower
problem-solving accuracy. The amygdala is known to play
an important role in normal fear conditioning (LeDoux,
2000) and in the pathophysiology of anxiety disorders (Rauch,
Shin, & Wright, 2003). For example, amygdala hyperactivity
to emotional human faces has been demonstrated in social
anxiety disorders (Birbaumer et al., 1998) and in posttraumat-
ic stress disorder (Rauch et al., 2000).

Young et al. (2012) also found that MA was associated with
abnormal effective connectivity of the amygdala, specifically
in the form of both greater effective connectivity with the
ventromedial prefrontal cortex region, an area related to the
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regulation of negative emotions, and less effective connectiv-
ity with the posterior parietal cortex (e.g., intraparietal sulcus,
superior parietal lobule, and angular gyrus), important for
mathematical processing. The greater effective connectivity
between the right amygdala and the ventromedial prefrontal
cortex in HMA children was interpreted as facilitating com-
pensatory mechanisms that would allow children with HMA
to perform well, albeit at a lower level than LMA
children.

Other research groups have also investigated the brain cor-
relates of the anxious reaction toward mathematics. For exam-
ple, Lyons and Beilock (2012a) formed two groups according
to participants’ levels of MA and then administered a mental
arithmetic task and a control task (word verification), matched
in difficulty, during fMRI data acquisition. Before each set of
problems, individuals were presented with a cue (i.e., a simple
colored shape) that identified the upcoming task (either math
or control). Lyons and Beilock (2012a) argued that this would
allow them as researchers to separate the effects of math (i.e.,
performance in a math task) from the effects of anxiety (i.e.,
anticipation of a math-related task). They found that when
participants anticipated an upcoming math task, the higher
their level of MA, the greater the activity in the bilateral
dorsoposterior insula, an area associated with visceral threat
detection and with the experience of pain; by contrast, these
areas showed no significant activation during math task per-
formance (Lyons & Beilock, 2012a).° The authors interpreted
this finding as showing that the anticipation of a math task was
perceived as a painful event in the brains of HMA individuals.
In a similar vein, Sudrez-Pellicioni et al. (2013b) also found
greater involvement of the right insula for numeric than for
nonnumeric errors in HMA individuals when they analyzed
the electrical brain sources (SLORETA) of the ERN, an ERP
component that showed greater amplitude for the task involv-
ing numbers than for the control task.

Although the insula has frequently been associated with
disgust (Phillips et al., 2004) and pain (Isnard, Magnin, Jung,
Mauguiére, & Garcia-Larrea, 2011), there is increasing evi-
dence of a broader role for this brain structure in emotional
processing (Phan, Wager, Taylor, & Liberson, 2002), as well
as sound evidence for its involvement in anxiety disorders
(e.g., Paulus & Stein, 2006). For example, symptom provoca-
tion in individuals with obsessive—compulsive disorder, sim-
ple phobia, or posttraumatic stress disorder has been shown to
be associated with increased cerebral blood flow in bilateral
insular cortex (Rauch, Savage, Alpert, Fischman, & Jenike,
1997), whereas the right insula has been found to show an

® Interestingly, previous studies have also reported insular hyperactiva-
tion in socially anxious patients during anticipation of speech, as com-
pared with a control condition (Boehme et al., 2014), in the same way that
Lyons and Beilock (2012a) found for HMA individuals when they were
anticipating a forthcoming math task.
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exaggerated response to fearful faces in individuals with
specific phobia (Wright, Martis, McMullin, Shin, &
Rauch, 2003).

In this context, the fact that MA activates brain areas linked
both to fear processing (i.e., the amygdala) and to disgust and
pain processing (i.e., the insula) suggests that this anxiety is
grounded in an aversive bodily reaction, a clearly plausible
mechanism to explain the origin of negative attitudes toward
mathematics and the global avoidance tendency toward math-
related content in HMA individuals.

Lyons and Beilock (2012b) registered brain activity while
participants solved a numeric task (addition and subtraction
verification) and a control (word verification) task. They ob-
served that HMA individuals performed more poorly on the
former than on the latter, whereas the LMA group showed no
differences between tasks. More interestingly, they found that
performance in the math task was predicted by neural activity
in response to the cue (i.e., when anticipating the math task) in
the network of inferior frontoparietal regions, and more spe-
cifically the bilateral inferior frontal junction (IFJ). The IFJ is
coactivated with the dorsolateral prefrontal cortex (DLPFC) as
part of a network associated with cognitive control, and, there-
fore, it is considered to play a crucial role in this function
(Derrfuss, Brass, Neumann, & von Cramon, 2005). Lyons
and Beilock (2012b) interpreted their findings as evidence that
some HMA individuals were able to overcome the attentional
deficits that may have caused MA by ramping up control
resources before the math task itself began. Thus, they con-
cluded that the extent of HMA individuals’ deficits in mathe-
matics can be predicted by how cognitive control resources
are recruited before doing math.

Finally, Young et al. (2012) also found that, in addition to
amygdala hyperactivity, HMA individuals showed reduced
activity in the DLPFC when performing an addition and sub-
traction verification task,’ thus confirming that the brain sub-
strate of the cognitive control function seems to show abnor-
mal activity in HMA individuals.

It should be noted that the DLPFC is also thought to be
involved in the online trial-to-trial adjustment of attentional
control, which has been demonstrated through tasks such as
the Stroop task by analyzing the level of interference as a
function of the congruence of the previous trial
(Vanderhasselt, De Raedt, & Baeken, 2009). As we
commented above, Suarez-Pellicioni et al. (2014) explored
conflict adaptation effects in a numeric Stroop task and found
amplitude differences for the HMA group in the conflict-SP,
an ERP component appearing after conflictive stimuli that has
been linked to the execution of top-down control (Larson

7 Note that in the study by Lyons and Beilock (2012b), the IFJ showed
increased activation before task performance (anticipation), whereas in
the study by Young et al. (2012), the DLPFC showed reduced activation
during task performance.

et al., 2009) and whose neural sources have been located in
the lateral prefrontal cortex (LPFC; West, 2003). Consequent-
ly, their findings suggest that, whereas in the study by Lyons
and Beilock (2012b) ramping up cognitive-control resources
when anticipating a math task implied better performance in
HMA individuals, their drop in performance in the numeric
Stroop task can be attributed to their not exerting cognitive
control after congruent trials.

In this line of research, Sarkar, Dowker, and Cohen Kadosh
(2014) applied transcranial direct current stimulation (tDCS)
to the DLPFC of LMA and HMA individuals in order to
explore whether the stimulation of this control brain area
would ameliorate the anxious response. They found that, after
this stimulation, HMA individuals showed improved RTs on a
simple arithmetic task and decreased cortisol concentrations (a
biomarker of stress), suggesting that enhancing emotional
control was related to better performance. All of these
findings are in line with research on general anxiety
claiming that anxiety impairs the recruitment of prefron-
tal mechanisms that are critical to the active control of
attention (Bishop, 2009).

To sum up, research on the brain structures related to MA
has revealed that this anxiety involves the same brain struc-
tures previously reported for other types of anxiety, including
emotional brain areas such as the amygdala (e.g., Rauch et al.,
2003) and the insula (e.g., Paulus & Stein, 2006), as well as
prefrontal areas (e.g., Bishop, 2009). Evidence regarding the
brain substrates of MA therefore lend support to previous
claims suggesting a common neurobiological pathway both
for anxiety disorders (Etkin & Wager, 2007), given that certain
brain areas (i.e., amygdala, insula) are activated in several
types of anxiety (i.e., posttraumatic stress disorder, social pho-
bia, and specific phobia), and also for anxiety-prone individ-
uals (Stein, Simmons, Feinstein, & Paulus, 2007). Thus, MA,
despite being a construct separate from trait anxiety, consti-
tutes a specific anxiety that is elicited by numerical and math-
related stimuli, and it relies on the same brain circuits involved
in other types of anxiety.

What can we do about it?

The ultimate objective of research on MA should be
intervention, seeking to prevent its development in
young children and to reduce its negative consequences
in those who already suffer from it. Considering that the
level of MA tends to increase in severity in Sth through
12th graders over time (i.e., from 10 to 18 years old;
Ma, 1999), the importance of early identification of this
type of anxiety is indisputable. In this section, we offer
a number of suggestions regarding how teachers, par-
ents, and psychologists can contribute to this aim.
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Some things teachers could do

Given that negative experiences in math classrooms have been
related to the origins of MA (Bekdemir, 2010), teachers
should never be hostile toward or embarrass a student facing
difficulties with mathematics. They should not allow other
students to do this, either.

Environmental exposure to failure in math has also been
described as a potential primary mechanism for MA develop-
ment (Ashcraft et al., 2007). It is therefore important to pre-
vent students becoming frustrated with mathematics by estab-
lishing progressive and feasible goals. In this respect, it would
be advisable for teachers to support those students showing
difficulties with math—for example, by making them feel
comfortable when resolving their queries and encouraging
them to ask for help any time they need it.

It has been suggested that MA does not derive from math-
ematics itself, but rather from the way math is presented in
school and may have been presented to school teachers when
they were students (Geist, 2010). In this sense, it has been
suggested that MA could be transferred from anxious female
teachers to their female students by influencing their beliefs
about who is good at math (boys vs. girls; Beilock et al.,
2010). Therefore, it is very important to reduce teachers’
own level of MA in order to prevent any such transmission
to their students, and also to work on dismantling possible
stereotypes that teachers may have about gender differences
in math competence.

Because of the great influence that teachers have on their
students, especially at young ages, it is also very important to
be careful with the kind of messages that students receive. For
example, consolation messages such as “It’s OK, not every-
one can be good at these types of problems” (Beilock &
Willingham, 2014) may send out the wrong message, since
it might be interpreted as “Maybe this math problem is too
hard for you, given your low ability in math”; likewise, the
message “Not everybody can be good at math” could be
interpreted as “You’re one of those people who is no
good at math.”

Teachers should try to prevent the development of negative
attitudes toward mathematics in those students showing diffi-
culties with math (Hembree, 1990), given that these attitudes
may well be linked to the avoidance of math content (Lefevre
et al.,, 1992). It would be important that they highlight the
importance of mathematics, emphasizing the positive qualities
that each student has in relation to the subject, giving positive
feedback about correctly solved tasks and minimizing the im-
portance of errors. Similarly, students should be encouraged to
see that working hard on math is the only way of succeeding,
since the latter does not depend on any special intellectual
abilities or gifts.

Teachers should try to identify at-risk children in order to
adapt classroom requirements and, especially, assessments to
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them. In this respect, short scales, such as the six-item ATMS
(Sandman, 1980) or the nine-item AMAS (Hopko et al.,
2003), are available for assessing students’ levels of MA in
the event that the time constraints frequently found in class-
room settings make it impossible to administer more extensive
scales (e.g., SMARS). Once students with a high level of MA
have been detected, teachers should take into account that the
effects of MA on performance have been shown to disappear
when a task is performed without time pressure (Faust et al.,
1996). It has also been suggested that the early use of high-
stress techniques such as timed tests, rather than more devel-
opmentally appropriate and interactive approaches, leads to a
high incidence of MA (Geist, 2010). We acknowledge that a
test cannot be completely time-unlimited, but our suggestion
is that teachers promote their HMA students’ performance by
giving out such messages as “Don’t worry if you don’t finish
in an hour, I can wait until you finish,” or “Don’t worry about
time, you’ll have all the time you need to finish the test.”

Teachers should consider HMA individuals’ greater vul-
nerability to distraction (Hopko et al., 1998; Hopko et al.,
2002; Suarez-Pellicioni et al., 2013a, 2014), for example,
when designing math textbooks. It would be recommendable
to bear in mind that an excessive number of drawings or colors
might have counterproductive effects on children with high
levels of MA, by distracting their attention away from the
math exercises.

Similarly, it is considered that distractibility is not limited to
external stimuli, since internal stimuli such as worrying
thoughts and ruminations may also distract students’ attention
from the main cognitive task. In this respect, Park, Ramirez,
and Beilock (2014) have shown that writing before an exam
has surprising positive effects on performance. They asked
students to write freely about their emotions regarding an up-
coming test (for 10 min) and found that this writing helped
reduce the gap between LMA and HMA students. Their inter-
pretation of this result was that expressive writing reduced the
likelihood that math-related worries would subsequently cap-
ture attention during the math task. This finding should be
considered as a possible class intervention that teachers can
apply in order to try to reduce the negative effects of MA on
math test performance.

Faust (1992) found physiological evidence of increasing
reactivity (i.e., changes in heart rate) when math-anxious in-
dividuals performed math tasks of increasing difficulty, but
not for an increasingly difficult verbal task. It has been sug-
gested that it is not the physiological reactions per se, but
rather the interpretation of these reactions that determines
emotions (Schachter & Singer, 1962). In the field of MA,
the interpretation of physiological responses in stressful situ-
ations has been found to determine whether these responses
will be disruptive or beneficial to performance. Mattarella-
Micke, Mateo, Kozak, Foster, and Beilock (2011) found that
the level of MA determined the relationship between salivary
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cortisol concentrations (a hormone associated with stressors in
humans) and the level of performance in an arithmetic task
(but only for individuals with high WM capacity; see “A high
level of WM capacity” section above for an explanation): For
HMA individuals, as the concentration of cortisol increased
(i.e., greater physiological response), the level of performance
decreased, whereas for LMA participants, their level of per-
formance increased in line with the concentration of cortisol.
These results were interpreted as showing the importance of a
person’s interpretation of physiological responses, since a
negative interpretation would have led HMA individuals to
perform poorly, whereas a positive (or at least nonthreatening)
interpretation in their LMA peers appeared to have helped
them succeed in the task. In this context, an interesting inter-
vention was applied by Jamieson, Mendes, Blackstock, and
Schmader (2010), who selected students who were preparing
to take the Graduate Record Examination (GRE) and then
collected saliva samples from them before and after they per-
formed the GRE in a testing environment (lab test). Partici-
pants were assigned to one of two groups: a reappraisal group
(which received a message that read that recent research had
suggested that arousal does not hurt performance on tests, so
people feeling anxious should not be concerned, given that
this arousal could be helping them to perform well) and a
control group (which received no message; Jamieson
et al., 2010). The researchers found that participants in
the reappraisal group exhibited a significant increase in
salivary alpha amylase (a measure of sympathetic ner-
vous system activation) and outperformed the controls
on the GRE math section, both in the practice laborato-
ry task and in the actual GRE. Teachers might find
useful this knowledge in order to assess its effects on
math performance in their own students.

Some things parents could do

Parents should be careful not to transmit their own level of
MA to their children, which means paying attention to the
kinds of messages they send. Messages such as “I’ve always
found math difficult” or “I’ve never been a math person” can
contribute to the development of negative attitudes toward this
subject in their children.

Parents would be advised to talk about math in a positive
way, to play math games with their children, and to highlight
that math is very useful for everyday situations and that it can
be fun.

Parents should not instill their children with myths about
the difficulty of math (“Math is too hard for average people™),
the need for special brain/genetic abilities in order to do math
(“You are born with a math gene, either you have it or you
don’t”), or gender differences in math ability (“Boys are best
at math”).

Home support and expectations have been shown to be the
main aspects of parental involvement when it comes to min-
imizing the negative effects of MA on performance (Vukovic
etal., 2013). Thus, it is important for parents to know that they
can help by supporting their children at home when they do
their math homework or study for a math test. Similarly, it
would be important for parents to feed children’s self-
concept of math, highlighting their abilities to do well in math
and expressing the positive results that parents expect
from them.

Some things psychologists could do

The meta-analysis by Hembree (1990) showed that systematic
desensitization, anxiety management, and conditioned inhibi-
tion training were highly successful in reducing levels of MA
(e.g., Suinn, Edie, & Spinelli, 1970) and increasing the level
of math performance. By contrast, relaxation training or group
discussion seem not to be effective. In any case, reductions of
the levels of MA were obtained for individual trainings,
whereas whole-class interventions showed unsuccessful re-
sults. Psychologists should keep working on designing further
interventions that will improve upon the effectiveness of pre-
vious ones.

In line with previous claims that MA has to do with
an attentional-control deficit, intervention programs
aiming to improve this function in HMA individuals
deserve special consideration. Recent evidence has
shown that a short bout of focused breathing exercise
can boost the performance of students with HMA when
they attempt a high-pressure arithmetic task (Brunyé
et al., 2013). According to these authors, the bout of
focused breathing was able to train the effective control
of attention away from the distressing feelings in HMA
individuals and, consequently, to focus attention on
mathematical operations.

Finally, new interventions have recently been developed
that seek to decrease anxiety levels by reducing attentional
bias toward threatening information. This approach, generally
referred to as an attention bias modification program, is based
on different modified versions of the dot probe task and aims
to measure and manipulate attentional bias toward threatening
information. The experimental results to date are very prom-
ising. It has been shown that training attention to be biased
toward threat increases anxiety (MacLeod, Rutherford, Camp-
bell, Ebsworthy, & Holker, 2002), and that training attention
away from threat can actually reduce symptoms of so-
cial phobia (Amir, Weber, Beard, Bomyea, & Taylor,
2008) and generalized anxiety disorder (Schmidt,
Richey, Buckner, & Timpano, 2009), supporting the
idea that attentional bias toward threat may be amenable
to treatment.
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Conclusions

This review has considered a number of studies showing that
several processes present in other types of anxiety can be
extended to math anxiety. For example, HMA individuals
show greater vulnerability to distraction (Hopko et al., 1998;
Hopko et al., 2002; Suarez-Pellicioni et al., 2013a, 2014), a
finding consistent with research on general anxiety (Eysenck,
1992; Eysenck & Byrne, 1992), and they also seem to exert
attentional control in a reactive way (Sudrez-Pellicioni et al.,
2014), as has previously been suggested for trait anxiety by
studies using ERPs (Osinsky et al., 2012) and fMRI (Fales
et al., 2008). Similarly, there is evidence that HMA individ-
uals show abnormal error monitoring for numeric errors
(Suarez-Pellicioni et al., 2013b), as was previously reported
for several types of anxiety disorders (e.g., Gehring et al.,
2000), as well as an attentional bias toward math-related in-
formation (Sudrez-Pellicioni et al., under review), which may
provoke and maintain this affective condition (McLeod et al.,
2007; see Bar-Haim et al., 2007, for the same bias in other
types of anxiety).

In addition to the above findings, the application of neuro-
science methods to the study of MA has shown that its brain
correlates are similar to those observed in general or in other
types of specific anxieties—specifically, hyperactivity of
emotional brain areas such as the amygdala (Young et al.,
2012) or the insula (Lyons & Beilock, 2012a; Sudrez-
Pellicioni et al., 2013b) and reduced activity of cognitive-
control brain areas such as the DLPFC (Young et al., 2012)
or the IFJ (Lyons & Beilock, 2012b). The latter finding is
consistent with one of the proposed explanations for MA,
namely an attentional-control deficit, which would be respon-
sible for HMA individuals’ reduced ability to maintain stim-
ulus, goal or contextual information in an active state when
exposed to interference, and to effectively inhibit goal-
irrelevant stimuli and/or responses. In this respect, there is also
evidence that HMA individuals find it difficult to resist the
interference of distracting stimuli (i.e., large-split solutions;
Suarez-Pellicioni et al., 2013a) or the distracting dimension
of a stimuli (i.e., numerical magnitude in Hopko et al., 2002;
physical size in Suarez-Pellicioni et al., 2014).

Despite the great advances made by recent research on
MA, however, several aspects either need to be assessed for
the first time or require further research. In general, future
research needs to be targeted at studying how the different
factors associated with the origin and maintenance of MA
act and interact with one another, how negative these factors
are if they are present alone, what their incremental negative
effect might be when combined with other factors, at how
early an age they might be observed, and so forth.

More specifically, and regarding the mechanisms that
might play a role in the origin or development of MA, more
research is required to clarify the nature of attentional bias in
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MA, determining whether HMA individuals show facilitated
engagement, difficulties with disengagement, or avoidance of
math-related information. To this end, different attentional
tasks, such as the dot probe task (Koster, Crombez,
Verschuere, & De Houwer, 2004) or the visual search task
(Ohman, Flykt, & Esteves, 2001), have been shown to be
adequate for both assessing and modifying this bias (Hallion
& Ruscio, 2011). In this respect, further research will be re-
quired to demonstrate the effectiveness of attentional bias
modification programs in reducing MA.

Another factor mentioned as playing a role in the origin and
development of MA is WM capacity. In this respect, two
studies have reported surprising findings on the relationship
between WM capacity and MA: Individuals with higher WM
capacity have shown to be potentially more affected by the
negative effects of MA (Ramirez et al., 2013), and also to be
those for whom higher levels of MA implied a negative rela-
tionship between cortisol concentrations and performance
(Mattarella-Micke et al., 2011). Given that these two studies
explained their results in terms of the strategies used to solve
the math tasks (more sophisticated for individuals with higher
levels of WM, and more rudimentary for those low in this
capacity), future research should investigate the differential
use of strategies between LMA and HMA individuals and
its relationship with participants’ levels of WM capacity.

Regarding the complex relationship between MA and math
ability, further research will be required with very young chil-
dren, from a longitudinal perspective, in order to clarify
whether an initial high level of MA results in a low level of
math performance (Ashcraft & Faust, 1994; Eden, Heine, &
Jacobs, 2013) or whether, on the other hand, an initial low
level of math performance (i.e., math ability) is what leads
to an increase in MA (Ma & Xu, 2004).

As for the explanations of MA, recent studies in this regard
have interpreted their results in the context of the ACT
(Eysenck etal., 2007), claiming that anxiety reduces attention-
al control. Although, in the field of MA, several studies have
pointed to an inhibition deficit in HMA individuals (Hopko
etal., 1998; Hopko et al., 2002; Suarez-Pellicioni et al., 2013a,
2014), no study to date has shown the effects of MA on the
other control function (Miyake et al., 2000) considered to be
affected by anxiety: shifting. Shifting could be measured, for
example, by a task in which two-digit numbers are presented
and addition and subtraction are required to be performed
alternately (Eysenck et al., 2007). Future research in this line
would help to clarify whether or not these two process-
es (inhibition and shifting) are equally compromised,
and to what extent.

Evidence regarding the brain substrates of MA suggests
that, despite its being considered a separate construct from
trait anxiety (Hembree, 1990), MA involves the same brain
areas and emotional-processing circuits implicated in other
types of anxiety (Etkin & Wager, 2007). Thus, what would
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differentiate MA from other types of anxiety is the kind of
stimuli that trigger the anxious reaction: Whereas social pho-
bia is elicited by stimuli related to people, giving a speech, and
so on, MA would be elicited by situations involving numbers
and math tasks. In this respect, it would be of great interest to
investigate the different types of stimuli/situations that might
trigger the math-anxious reaction (math class, math test, math
task, a single digit, the simple “+” sign, memories of a trau-
matic event, just thinking/imagining a situation, etc.), as well
as their impacts on the brain when the person anticipates them
(as in the study by Lyons & Beilock, 2012a) and when they
occur unpredictably.

Furthermore, to the best of our knowledge, no study to date
has examined the emotional regulation strategies in HMA
individuals and their neural correlates. Future research could
study the use of these strategies depending on the level of MA,
by using tasks in which participants are instructed to decrease
their emotional responses by means of different strategies (dis-
traction, reappraisal, etc.; see, e.g., Beauregard, Levesque, &
Bourgouin, 2001; Kalisch, Wiech, Herrmann, & Dolan,
2006), and then analyze their brain correlates.

Finally, whereas the bulk of research on MA has been
based on self-reported measures of trait MA (habitual anxi-
ety), the effect of state MA (momentary anxiety) has barely
been considered (e.g., Goetz et al., 2013). Future research
should focus on the differential effects of trait and state MA
on math performance and the brain correlates of each of them,
given the important information this could provide in terms of
designing intervention programs.

To conclude, the ultimate aim of research on MA should be
to prevent children from developing MA, and also to reduce
the high level of MA in those students who have already
experienced its negative effects on their academic perfor-
mance. To this end, it is important to bear in mind the multi-
factorial nature of its origin, such that any attempt to detect,
assess, and intervene with MA must consider environmental
(e.g., classroom context, peers, teachers, parents), cognitive
(e.g., math ability), and personality (e.g., self-efficacy beliefs,
regulation skills) variables. In this respect, although some re-
searchers have started to explore possible ways of reducing
the negative effects of MA on performance (Park et al., 2014;
Sarkar, Dowker, & Cohen Kadosh 2014), further efforts will
be required in the form of intervention programs that can stop
normally skilled individuals from avoiding math-related con-
tent because of their anxiety. Research of this kind would
clearly be a valuable investment in both personal and socio-
economic terms.
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