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The literature suggests an interplay between executive control functions and emotion regulation processes, with
each playing a key role in math anxiety. We examined the relation between the use of two different emotion reg-
ulation strategies (reappraisal and suppression) and the ability to reduce emotional interference in high-conflict
situations (i.e., executive control of attention) in cases of math anxiety. A sample of 107 adults completed emotion
regulation tendencies and math anxiety questionnaires and performed a flanker task following the priming of a
math-related or negative word. The findings revealed: (1) highly math-anxious individuals had difficulty control-
ling emotional distractions induced by math information, even as simple as math-related words, in high-conflict
conditions; and (2) the tendency to use reappraisal in everyday situationswas associatedwithmath-anxious individ-
uals’ ability to avoid heightened emotional reactions when encountering math-related (i.e., threatening) informa-
tion. These findings point to the efficacy of reappraisal-focused intervention and suggest an innovative mechanism
through which reappraisal reduces emotional reactions and improves performance among math-anxious individ-
uals, indicating a new way to approach interventions for math anxiety.
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Introduction

Math anxiety is a common phenomenon1 charac-
terized by negative attitudes to math,2,3 including
stress, frustration, and fear when thinking about
or engaging in number manipulation and math-
ematical problem-solving.3–5 For math-anxious
individuals, mathematical information is perceived
as a threatening stimulus3,6,7 and evokes attentional
disengagement, even when briefly presented.7,8
Due to this math-based emotional interference,9,10
both children11 and adults12,13 show impaired exec-
utive control of attention, a high-order cognitive
operation that enables goal-directed behavior by
inhibiting irrelevant information.14,15
Emotion regulation modulates the effects of

emotion on executive control of attention.16,17 It is
a mental process that affects the type, duration,

intensity, and expression of emotions.18,19
Neuroimaging20 and behavioral data21,22 suggest
that executive control mechanisms and emotion
regulation processes are interrelated and involved
in the same brain regions. However, the literature
on math anxiety has focused on either executive
control23 or emotion regulation.24 We explored the
relations between math anxiety, executive control
of attention, and emotion regulation.

Math anxiety
Math anxiety has far-reaching consequences.25,26 It
is associated with poor math skills27 and reduced
math-related cognitive abilities,3,28 regardless of
working memory capacity or processing speed.29 In
the long term, it is linked to the avoidance of math-
related careers,3,30 increased health costs,31 reduced
financial literacy,32 and low socioeconomic status.33
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Despite the plethora of concerns, the mechanism
underlying math anxiety is not well understood.6

According to attentional control theory,34,35
similar to other anxiety syndromes, math anx-
iety impairs the functioning of goal-directed
cognitive systems (i.e., task-orientated problem
solving)23,36,37 by increasing attention to threat-
related information and intrusive thoughts.27 In
one study, math-anxious individuals demonstrated
delayed cognitive processing, manifested by longer
P3b latency during a numerical comparison task.38
A study using neural networkmodeling6 found that
math anxiety was linked to increased activation
in the amygdala and anterior cingulate cortex,
leading to increased stress and greater perception
of conflict. As a result of the stress perceptions
in math anxiety, activation in the prefrontal cor-
tex can be disrupted, affecting executive control
processes and goal-directed behavior.39 Recent
findings, however, suggest that math anxiety has
different, and even stronger, relations with higher
cognitive structures, such as working memory,
compared to general anxiety.40 Thus, it is possible
that math anxiety has a specific association to exec-
utive control processes, which is different from the
association of other anxiety syndromes to executive
functions.
In the cognitive sciences, it is common to use

tasks that activate opposing response options
to measure and manipulate executive control of
attention. In the flanker task,41 participants must
respond to relevant information (e.g., a flanker
target, such as an arrow in the center of the screen)
and ignore irrelevant information (e.g., flanking
arrows that surround the center arrow). In congru-
ent trials, the relevant and irrelevant information
require the same response (e.g., arrows point in the
same direction), while in incongruent trials, oppo-
site responses are needed (e.g., arrows point in the
opposite direction). The conflict arising in incon-
gruent trials requires the engagement of executive
control, and this requirement is reflected in slower
response time (RT).17
Highly math-anxious individuals show a greater

difference in RTs in incongruent versus congru-
ent trials (i.e., congruency effect42) than slightly
math-anxious individuals,37 especially when inter-
ference cannot be anticipated,23 thus suggesting
math anxiety is accompanied by difficulties in the
ability of executive control to inhibit irrelevant

and interfering information.37 Here, we focus on
executive control (i.e., incongruent trials).

Math anxiety and executive control of
attention
Math anxiety has been linked to impaired exec-
utive control of attention.11–13,23,36,37 Compared
to slightly math-anxious individuals, those with
high math anxiety demonstrated significantly
greater P300 amplitude43 and beta-band power
oscillation,44 as well as smaller gamma band
activity45 when they anticipated arithmetic prob-
lems and greater gamma band activity when solving
these problems.13
Executive control mechanisms may help atten-

uate emotional effects,17,46,47 possibly because
emotions trigger attentional control, which enables
enhanced conflict resolution.42,48 With increased
life stress, greater activity in the dorsolateral
prefrontal cortex (the area supporting executive
control39) has been associated with reduced anxiety
symptoms.49
One possible strategy for studying the link

between emotions and executive control is to use
emotional priming tasks assessing implicit responses
to an irrelevant emotional stimulus.50 People usu-
ally show slower RTs to task-relevant goals following
the priming of a stimulus with a negative valence,51
arguably because of the effect of emotional valence
on information processing.52 Impairments in the
ability of executive control to reduce these emo-
tional distractions should bemanifested in a greater
difference between RTs following emotional and
neutral priming in high-conflict situations (i.e.,
incongruent trials in the flanker task). The size and
characteristics of this difference in performance
reflect the efficiency and limits of selectivity, and
provide valuable information about the mecha-
nisms involved in controlling the conflict.17
To date, no one has investigated the link between

math anxiety-related emotional effects (e.g., expo-
sure to math-related information as a prime
before the task) and the executive control of atten-
tion. As math anxiety hampers executive control
mechanisms,6,23,36–38 we innovatively examined
executive control of attention in math-anxious
individuals during emotional interference (i.e., in
incongruent trials) of stimuli with either negative
valence or math-based (presented as primes).
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The literature suggests that impairments in
executive control mechanisms may be related
to difficulties in emotion regulation.21,22,46,47,49
Thus, we also manipulated and measured emotion
regulation strategies.

Linking emotion regulation and executive
control of attention in math anxiety
The ability to adaptively regulate emotional expe-
riences is necessary when confronted with threat-
ening information.53 Two widely studied emotion
regulation strategies are cognitive reappraisal and
expressive suppression.18,54 Cognitive reappraisal
constitutes an antecedent-focused strategy that
aims to modify thoughts and beliefs about a stim-
ulus or situation in a way that alters the emotional
response. Expressive suppression is a response-
focused strategy in which the individual attempts to
conceal his/her feelings, behaviors, and physiolog-
ical activity.18 While the use of reappraisal leads to
a decrease in the subjective experience of negative
emotions55–57 and more adaptive behavioral,55,58,59
physiological,58,60,61 and neural responses56,59
to emotionally evocative events, suppression is
associated with decreased positive affect.18
The literature points to the central role of reap-

praisal in reducing math anxiety reactions62–64 and
improving math performance.24,62,64–69 These find-
ings can be explained by the relations between reap-
praisal and reduced activation in emotion-related
brain regions (i.e., amygdala70) and increased acti-
vation in the fronto-cingular network,20,49 which is
involved in domain-general executive control.71
Reappraisal ability21,72 and the frequency with

which reappraisal is used in everyday situations22
have been linked to executive control of atten-
tion (indicated by the ability to reduce emotional
interferences in incongruent situations). Similarly,
executive control training has led to greater success
in implementing reappraisal.46,47

The study
Research in the field of math anxiety usually
examines separately emotional influences, such as
emotion regulation,64 and cognitive factors, such as
executive control of attention.23 Given the growing
recognition of the interplay between cognitive and
emotional processes,73 we explored the relations
between the use of different emotion regulation
strategies and the ability to reduce emotional inter-

ference in incongruent situations (i.e., executive
control of attention) in cases of math anxiety.
Specifically, we examined: (1) the effects of

emotional interference on the ability to reduce
emotional interference as part of executive control
of attention in math anxiety, while differentiating
between stimuli with negative valence and math-
based emotional interference; and (2) the ability of
emotion regulation to modulate the link between
math anxiety and the (possible) deficient ability of
executive control to reduce emotional distractions
induced by math-related stimuli.
In line with attentional control theory34 and

evidence on the difficulties involved in exerting
executive control in math anxiety,23,36,37 specifically
the effects of math-related stimuli on goal-directed
behavior,9,10,38 we hypothesized that mathemat-
ical information, perceived as threatening by
math-anxious individuals,3,6,7 would have more
pronounced effects on performance in the incon-
gruent trials in the flanker task than stimuli with
negative valence. Unlike congruent trials, incongru-
ent trials require the recruitment of the executive
control of attention. Consistent with previous find-
ings demonstrating relations between executive
control of attention and reappraisal,20–22,46,47,49 we
hypothesized that frequent use of reappraisal would
be linked to decreased emotional distractions (i.e.,
higher levels of executive control).

Method

Participants
We calculated sample size according to the previ-
ously reported correlations between math anxiety
and executive control of attention. Based on
r = −0.35,37 power = 0.8, and a significance level
of 0.05, we concluded 46 participants would be
sufficient.
Given the high dropout rates in Internet-based

research,74 the initial sample included 134 adults
(95 females;M= 28.39 years, SD= 4.21). Six males
and 10 females were removed from analysis due
to missing values; three males and eight females
were excluded because their RTs proved to be
outliers. Thus, the final sample comprised 107
participants. All were native speakers of Hebrew,
with normal or corrected-to-normal vision and no
history of neurologically based impairments, such
as attention-deficit/hyperactivity disorder or learn-
ing disabilities (e.g., dyslexia and dyscalculia). Prior
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Figure 1. An example of a trial

to data collection, participants signed a consent
form approved by the University of Haifa ethics
committee (429/17).

Questionnaires
Questionnaires were translated by the author into
Hebrew (forward translation) and from Hebrew
back to English (back translation) to ensure the
validity of translations.

Math anxiety. The short Mathematics Anxiety
Rating Scale (sMARS)75 is a 25-item version of the
widely used 98-item Mathematics Anxiety Rating
Scale (MARS).76 Participants respond to questions
about how anxious they would feel during different
everyday (e.g., “Reading a cash register receipt after
you buy something”) and formal situations (e.g.,
“Studying for a math test”) on a 5-point Likert
scale from not at all to very much. The total score
is obtained by summing each item rating, with
increasing scores reflecting an increased level of
math anxiety. Cronbach’s alpha for the sMARS in
our sample was 0.96.

Habitual use of reappraisal and suppression.
We used the well-known Emotion Regulation
Questionnaire (ERQ)77 to measure trait tendencies
to use reappraisal and suppression. The ERQ has
acceptable validity and reliability.77 It includes 10
items, six measuring reappraisal frequency (e.g., “I
control my emotions by changing the way I think
about the situation I’m in”) and four measuring
expressive suppression frequency (e.g., “I control
my emotions by not expressing them”). Items are

rated on a 7-point Likert-type response scale from
strongly disagree to strongly agree. Higher scores on
each scale indicate greater use of the corresponding
strategy. The total score of the frequency of the use
of each strategy is assessed by the average score of
the relevant subscale of the ERQ. The coefficient
alpha for the ERQ in our sample was 0.83.

Emotional flanker task
The design of this task was based on a previous
study.17 Figure 1 presents an example of a trial.
At the beginning of each trial, a black colored
square-shaped fixation point was presented for
1000 milliseconds. Then, a Hebrew emotional word
(i.e., math-related word or word with negative
valence) or pseudoword was presented for 100
milliseconds. The words were displayed in 32-point
Consolas bold font in black. A 150-ms stimulus
onset asynchrony preceded the flanker target; the
target was displayed until the participant’s response
or at most for 2000 milliseconds. Flanker stimuli
consisted of a line of five black arrows, with the
middle arrow pointing in the same direction as
(congruent stimuli) or a different direction from
(incongruent stimuli) the flanking arrows. Each
arrow subtended a visual angle of 1.5° from a
viewing distance of 57 centimeters. The arrows
were separated by 0.5°. In half of the trials, the
flanker target was congruent, and in the other
half, it was incongruent. Participants were asked
to ignore the flanking arrows and to indicate the
direction of the middle arrow by pressing a match-
ing keyboard key (the D key with their left index
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Table 1. Descriptive statistics of research variables

M SD Range

Math anxiety (sMARS) 63.31 21.04 25–108
ERQ reappraisal scale 4.66 1.26 1–7
ERQ suppression scale 3.44 1.53 1–7
RT (ms) in congruent trials
Math-related words 497.96 123.77 297.85–995.27
Words with negative valence 503.78 109.97 326.25–865.19
Pseudowords 515.33 124.67 318.42–889.75

RT (ms) in incongruent trials
Math-related words 549.22 133.01 318.13–954.38
Words with negative valence 537.05 136.03 284.13–903.86
Pseudowords 543.52 139.66 226.5–945.93

finger to indicate a middle arrow pointing to the
left, and the K key with their right index finger to
indicate a middle arrow pointing to the right). A
silver-colored background was used throughout the
experiment. The task was preceded by six practice
trials in which accuracy feedback was given. Before
starting the task, participants were instructed
to look at the fixation cross and to respond as
quickly and as accurately as possible to the flanker
stimuli.
For the flanker task, we used 16 math-related

words (e.g., “algorithm”), 16 words with negative
valence (e.g., “accident”), and 16 pseudowords with
a standard morphological structure and no signifi-
cant differences in length (P= 0.48).Note that pseu-
dowordswere used as fillers in the experimental task
and to produce the emotional distraction, an index
of the level of executive control. The math-related
words and words with negative valence were taken
from a database of emotional Hebrew words.78
While there was no significant difference between
these words in frequency (P = 0.44), math-related
words had higher math load (M= 2.63, SD= 0.21),
t(15)= 50.54, P< 0.001) and elicited lower negative
feelings (M = 1.88, SD = 0.15), t(22.17) = −25.33,
P < 0.001) than words with negative valence (for
mathematical load,M = 0.00, SD = 0.00; for nega-
tive feelings,M= 3.599, SD= 0.30). Each word was
paired with a congruent flanker in one set, and with
an incongruent flanker in the other set. The two
sets were counterbalanced between participants,
and the order of the trials was random. The task
consisted of 96 trials (2 flanker congruities × 3
stimulus types × 16 trials per condition).

Procedure
Due toCOVID-19 restrictions in Israel, participants
completed the task and filled out the questionnaires
online. Most participants (∼70%) were recruited
through iPanel (iPanel.co.il; iPanel, Bnei-Brak,
Israel), an online Israeli pooling service, from June
to September 2021. iPanel can deliver a represen-
tative sample of the adult Jewish population of
Israel while adhering to the stringent standards
of the European Society for Opinion and Market-
ing Research (ESOMAR). In addition, iPanel was
evaluated by the Applied Statistical Laboratory of
Hebrew University in Jerusalem and found to be
highly accurate.79 Prospective participants who
registered in iPanel and met the inclusion criteria
received an invitation to participate; after giving
their consent, they received vouchers by the survey
company in exchange for their participation. An
additional small proportion (∼30%) of participants
was recruited through invitations posted on various
student Internet groups and forums.80,81 The posts
described the study and invited those who met
the inclusion criteria to participate by sending an
email to the researchers’ email address. Prospective
participants who registered this way received an
invitation to participate and gave their consent;
they received a monetary compensation equivalent
to $10.
The study was administered via E-Prime Go

Software. The MARS questionnaire was presented
first, followed by the emotional flanker task and the
ERQ questionnaire. Note that this study was part of
an ongoing larger study with additional cognitive
tasks and emotional questionnaires.
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Figure 2. Differences between trials preceded by math-related and negative words in congruent and incongruent trials among
highly and slightly math-anxious individuals

Statistical analyses
First, we divided the sample into two extreme
math-anxiety groups by plotting scores at± 1 SD of
the sample mean.82 This resulted in two groups:
17 slightly (M = 32.47, SD = 6.62) and 20 highly
math-anxious individuals (M = 94.95, SD = 8.24).
Next, we conducted repeated measures analyses of
covariance with a Bonferroni adjustment and post-
hoc comparisons using paired sample t-tests with
congruity (congruent, incongruent) and valence
(math-related words, words with negative valence)
as within-subject factors and math anxiety as a
between-subject variable to observe differences
between highly and slightly math-anxious individ-
uals in the effects of emotional interference on the
executive control of attention, while differentiating
between trials preceded by words with negative
valence and math-related words. Effect sizes were
tested using Cohen’s d.83
Second, based on a previous study,17 to examine

whether emotion regulation modulated the link
between math anxiety and the (possible) deficient
ability of executive control to reduce emotional dis-
tractions in incongruent situations, we assessed: (1)
emotional distraction induced by irrelevant math-
related words by subtracting mean RTs in trials
preceded by pseudowords from mean RTs in trials
preceded bymath-relatedwords; we called this vari-
able emotional distraction induced by irrelevant
math-related words; and (2) emotional distraction
induced by irrelevant words with negative valence
by subtracting mean RTs in trials preceded by
pseudowords from mean RTs in trials preceded

by irrelevant words with negative valence.17 We
named this variable emotional distraction induced
by irrelevant words with negative valence. Emo-
tional distractions in congruent trials induced by
irrelevant math-related and negative words were
also computed in order to distinguish between
general emotional interference (i.e., congruent
trials) and the ability of executive control to reduce
emotional distraction (i.e., incongruent trials).
Third, we performed correlative analysis fol-

lowed by hierarchical linear regression analysis
with emotional distractions induced by irrelevant
math-related and negative words in both con-
gruent and incongruent trials as the dependent
variables. These analyses were conducted to verify
that math anxiety is related to specific math-based
emotional interference and emotion regulation did
not modulate emotional distractions in general,
only in high-conflict conditions. Math anxiety was
entered into the model as an independent variable
followed by emotion regulation (reappraisal and
suppression). The data and materials are available
at http://osf.io/hjrck.

Results

The final sample consisted of 107 adults (71
females;M = 28.27 years, SD = 4.32). Three males
and eight females were excluded from analysis
because their RTs were outliers (below 200 ms or
above 1000 ms17). We calculated mean RTs in the
various conditions (two congruency conditions
× three word types). Descriptive statistics of the
research variables are shown in Table 1.
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Table 2. Correlation matrix of research variables

Variable 1 2 3 4

1. sMARS
Emotional distractions in congruent trials
2. Induced by irrelevant math-related words 0.04
3. Induced by irrelevant words with negative valence 0.10 0.64∗∗

Emotional distractions in incongruent trials
4. Induced by irrelevant math-related words 0.24∗ 0.53∗∗ 0.47∗∗

5. Induced by irrelevant words with negative valence 0.10 0.52∗∗ 0.36∗∗ 0.78∗

Note: Emotional distraction induced by irrelevant math-related words = RTs in trials preceded by math-related words minus RTs in
trials preceded by pseudowords. Emotional distraction induced by irrelevant words with negative valence= RTs in trials preceded by
words with negative valence minus RTs in trials preceded by pseudowords.
∗P < 0.025.
∗∗P < 0.001.

Emotional effects on executive control of
attention in math anxiety
An investigation of differences in RTs between
trials preceded by math-related words and trials
preceded by words with negative valence revealed
a main effect of congruency, F(1,35) = 14.52,
P = 0.001, η2 = 0.29, 95% CI: [494.15, 576.45]).
Replicating previous results in the flanker task,
participants were faster in congruent (M = 535.30,
SD= 20.27) than in incongruent trials (M= 580.23,
SD = 20.85). Importantly, there was a significant
triple interaction between congruency (congru-
ent, incongruent), valence (math-related and
negative words), and math anxiety (high, low)
(F(1,35) = 4.69, P = 0.037, η2 = 0.12; see Fig. 2).
We then analyzed the simple double interactions

between valence and congruency separately for
highly and slightly math-anxious individuals. Sup-
porting our main hypothesis, in the slightly math-
anxious group, the interaction between valence and
congruency was not significant (P = 0.30). In con-
trast, in the highly math-anxious group, this double
interactionwas significant (F(1,19)= 4.37,P= 0.05,
η2 = 0.19). Analysis of the highly math-anxious
group showed that in the incongruent trials only,
there were significant differences in RTs for trials
preceded by math-related stimuli and trials pre-
ceded by words with negative valence (t(19)= 2.75,
P = 0.01, Cohen’s d = 0.51, 95% CI: [13.56,
99.48]), indicating faster responses in incongru-
ent trials preceded by words with negative valence
(M = 559.07, SD = 142.62) than those preceded
by math-related words (M = 615.59, SD = 137.50).
Meanwhile, in the congruent trials, this group

showed no significant differences in RTs between
trials preceded by math-related stimuli and trials
preceded bywords with negative valence (P= 0.52).

Reappraisal as modulator of links between
math anxiety and executive control of
attention
The correlation matrix is presented in Table 2.
As expected, math anxiety was positively linked
to emotional distraction induced by irrelevant
math-related words (mean RTs in trials preceded
by math-related words minus mean RTs in trials
preceded by pseudowords) in the incongruent trials
(r = 0.24, P = 0.01, 95% CI: [0.05, 0.43]; see Fig. 3),
but not in congruent trials (P = 0.72). In addition,
math anxiety was not associated with emotional
distractions induced by irrelevant words with neg-
ative valence (i.e., mean RTs in trials preceded by
negative words minus mean RTs in trials preceded
by pseudowords) either in congruent (P = 0.31)
or in incongruent trials (P = 0.31). These find-
ings indicate that math anxiety is associated with
reduced ability of executive control of attention
to reduce emotional interference of math-related
information (i.e., in incongruent situations).
To examine our main question on relations

between math anxiety, emotion regulation, and
executive control of attention, we built multi-
ple two-stage hierarchical linear regression models
with emotional distraction variables (i.e., emotional
distractions induced by math-related and negative
words in congruent and incongruent trials) as
dependent variables. Math anxiety was entered into
the model at stage one and emotion regulation
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Figure 3. Scatterplot of correlation between math anxiety and emotional distraction induced by irrelevant math-related words
in incongruent trials

variables (reappraisal and suppression) were
entered at stage two. Each analysis was exam-
ined for problems with multicollinearity using the
variance inflation factor, but none of the analyses
revealed significant problems (largest variance
inflation factor = 1.02; see Refs. 84 and 85).

The regression statistics are reported in Table 3.
The main analysis included emotional distractions
in incongruent trials as the dependent variables.
Results showed that math anxiety significantly
explained 5.7% of the variance in emotional dis-
traction induced by irrelevant math-related words
(F(1,105) = 6.31, P = 0.01, see Table 3A). In the
next step, math anxiety (positively) and reap-
praisal (negatively) explained 9.6% of the variance
(F(3,103) = 3.64, P = 0.02, see Table 3A). That is,
consistent with our second hypothesis, increased
math anxiety together with decreased tendencies
to use reappraisal in everyday situations were asso-
ciated with lower abilities to control emotional
distraction induced by irrelevant math-related
words in the high-conflict condition (i.e., incon-
gruent trials; see Fig. 4).
The contribution of suppression to the regres-

sion model was not significant (P = 0.67). Math
anxiety and emotion regulation did not pre-
dict emotional distraction induced by irrele-
vant words with negative valence (P = 0.10; see
Table 3B).

We conducted additional analyses in which
emotional distractions in congruent trials served as
the dependent variables. These analyses indicated
that math anxiety and emotion regulation did not
predict emotional distraction induced by irrele-
vant math-related words (P = 0.27; see Table 3C)
or words with negative valence (P = 0.59; see
Table 3D), verifying that emotion regulation did not
modulate emotional distractions in general, only
when executive control of attention was required.
To summarize, our findings strongly suggest that

when there is a need to deal with math-related
information, highly math-anxious individuals’
executive control of attention to reduce emotional
interference is disrupted. However, increased use
of reappraisal in everyday situations can modulate
the link between emotion and executive functions
in math anxiety.

Discussion

We innovatively examined the links between fre-
quent use of emotion regulation strategies (i.e.,
reappraisal and suppression) and executive control
in math anxiety. The findings demonstrated: (1)
math-anxious individuals find it difficult to control
the emotional distraction caused by the exposure to
numerical stimuli, even as simple as math-related
words, but this difficulty does not occur when
words with negative valence are presented to them;
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Table 3. Summary of hierarchical regression analyses to predict emotional distractions

Model 1 Model 2
Β 95% CI SE B ẞ Β 95% CI SE B ẞ

Variables LL UL LL UL
3A. Emotional distraction induced by irrelevant math-related words in incongruent trials

Math anxiety 1.53 0.32 2.73 0.61 0.24∗∗ 1.54 0.34 2.74 0.60 0.24∗∗

Reappraisal –21.21 –41.25 –1.16 10.11 –0.20∗

Suppression 3.56 –12.96 20.08 8.33 0.04
3B. Emotional distraction in incongruent trials induced by irrelevant words with negative valence

Math anxiety 0.61 –0.57 1.79 0.60 0.09 0.57 –0.60 1.74 0.59 0.09
Reappraisal –21.74 –41.28 –2.21 9.85 –0.21
Suppression –3.65 –19.76 12.45 8.12 –0.04

3C. Emotional distraction in congruent trials induced by irrelevant math-related words
Math anxiety 0.17 –0.77 1.12 0.48 0.04 0.20 –0.74 1.14 0.47 0.04
Reappraisal –14.55 –30.27 1.17 7.93 –0.18
Suppression 5.36 –7.60 18.32 6.53 0.08

3D. Emotional distraction in congruent trials induced by irrelevant words with negative valence
sMARS 0.50 –0.47 1.4 0.49 0.10 0.48 –0.50 1.46 0.49 0.10
Reappraisal –7.66 –24.05 8.74 8.27 –0.09
Suppression –1.25 –14.76 12.27 6.81 –0.02

Abbreviations: LL, lower limit of confidence interval; UL, upper limit of confidence interval.
∗P < 0.05, ∗∗P < 0.025.

and (2) the ability of the executive process to reduce
math-based emotional distractions is higher when
math anxiety levels are lower but is even higher
when math-anxious individuals use reappraisal
strategies in everyday situations.
Consistent with the literature,3,6,7 our findings

suggest that math-related information is perceived
as threatening among highly but not slightly math-
anxious individuals. Previous work found that
math-related information was linked with nega-
tive affective valence, especially among females,
regardless of math anxiety levels.78 Our study
expands the literature on impairments in executive
control of attention in math anxiety,11–13,23,36,37 by
showing that math anxiety is related to difficulties
in reducing emotional distractions induced by
math-related information. An important finding
was that reduced use of reappraisal predicted emo-
tional distraction induced by math information in
math anxiety. It seems that difficulties in emotion
regulation, specifically reduced use of the adaptive
reappraisal strategy in everyday situations, are
not linked with general emotional distractions in
math anxiety—only with emotional interferences
induced by math information.
The study proposes a mechanism through

which reappraisal-focused interventions may

lead to reduced math anxiety reactions63,64 and
improved math performance.24,67 In our study,
the ability of math-anxious individuals to use
reappraisal in daily life was associated with their
ability to avoid heightened emotional reactions
when encountering math-related (i.e., threatening)
information. Our finding that suppression was
not related to task performance strengthens the
idea of a specific link between the tendency to
use reappraisal, rather than emotion regulation
or executive functions.21,22,46,47,49 Reappraisal has
been associated elsewhere with a decrease in the
subjective experience of negative emotions55–57 and
more adaptive responses to emotionally evocative
events.55,56,60
The attentional control theory34 argues that dif-

ficulties in executive control mechanisms in math
anxiety are due to external9,10,38 and internal27
emotional interference induced by math-related
information. In line with this theory, our findings
demonstrate the emotional effects of math anxiety
in a high-conflict environment (i.e., incongruent
situations) that required executive control. Specifi-
cally, these effects appeared whenmath information
was presented to participants, notwhen stimuli with
a negative valence without math-related content
were presented.
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Figure 4. Increased math anxiety and reduced use of reappraisal predict emotional distraction induced by irrelevant math-
related words in incongruent trials

Given the interrelationships between emotion
regulation and executive control of attention,21,22
future research should examine the effects of
training in executive mechanisms on the tendency
of math-anxious individuals to use reappraisal in
everyday situations. The literature suggests the abil-
ity to use reappraisal successfully can be improved
by cognitive control interventions.46,47 In the field
of math anxiety, more studies are required to: (1)
shed light on the link between emotion regulation
and executive control of attention to reduce math
anxiety-related emotional effects; and (2) develop
more efficient interventions for math-anxious
individuals.

Limitations
The study contributes to the understanding of the
links between emotion regulation and the ability
of executive control of attention to reduce emo-
tional distractions in math anxiety but has some
limitations. Recruiting participants via Internet
and social networks may threaten the findings’
reliability and validity.86 However, Internet-based
data have shown high reliability, valid replicability,
and theoretical consistency compared to data gath-
ered in a traditional lab setting.87 In this study, the
coefficient alphas for the math anxiety and emotion
regulation tendencies questionnaires were 0.96 and
0.83, respectively. Moreover, most participants were
recruited through an online Israeli pooling service
found to be highly accurate by the Applied Statisti-
cal Laboratory of HebrewUniversity in Jerusalem.79

In addition, there is significant evidence
that math performance is related to both math
anxiety25–27 and executive control in a numerical
context.88,89 Therefore, the current study cannot
account for possible influences of math perfor-
mance on the relationships between math anxiety
and executive control and further research is
needed.

Conclusion

The study illustrates, first, that math information
is linked with negative affective valence among
highly math-anxious individuals, leading to greater
difficulties in executive control of attention. These
difficulties were not observed in our participants
after the presentation of negative stimuli, only
after the presentation of stimuli with math content.
Second, difficulties in emotion regulation and
reduced use of the adaptive reappraisal strategy in
everyday situations predicted emotional distraction
induced by math information in math anxiety. The
study suggests an innovative mechanism through
which reappraisal-focused intervention reduces
emotional reactions and improves performance
among math-anxious individuals, thus indicating a
new approach to interventions for math anxiety.
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