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Math anxiety (MA) and math performance are generally negatively correlated (Barroso et al., 2021;
Namkung et al., 2019). However, the mechanisms underlying this negative association remain unclear.
According to the attentional control theory (ACT; Eysenck et al., 2007), anxious individuals experience
impaired attentional control during problem solving, which compromises their performance on cognitive
tasks. In a sample of 168 elementary and middle school students, the current study used an eye-tracking
approach to investigate whether math-anxious students exhibit deficits in their attentional control during
a math problem solving task and whether such attentional control deficits account for the negative asso-
ciation between MA and performance on this math task. Consistent with the ACT, we found that stu-
dents with higher MA were more likely to engage attention to both task-relevant and task-irrelevant
distractors during problem solving, and their enhanced attention to these distractors was associated with
their impaired performance on the math task. These findings suggest that the MA-related math perform-
ance deficit is partly mediated by impaired attentional control, which is indicated by the maladaptive
attentional bias toward distracting information during math problem solving.

Educational Impact and Implications Statement

Students with higher math anxiety often show poorer math performance compared with students
with lower math anxiety. One possible explanation for this phenomenon is that students with higher
math anxiety are more easily distracted by extraneous information during problem solving. By
examining the attention allocation patterns during an arithmetic verification task in a group of ele-
mentary and middle school students, our findings support this explanation. We argue that external
distracting information may disrupt the maintenance of continuous attention that is needed for effi-
cient math problem solving among students with high math anxiety. Thus, it is important for educa-
tors to consider practices that may dampen the distracting effect of various task-relevant and task-
irrelevant distractors on the math performance among students who are highly math anxious.
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Math anxiety (MA) is an unpleasant emotion associated with
the anticipation of or participation in math activities (Ashcraft,
2002; Richardson & Suinn, 1972). Students with higher MA often
avoid math-related courses and career paths and have poorer math
performance (Barroso et al., 2021; Caviola et al., 2022; Chipman
et al., 1992; Hembree, 1990; LeFevre et al., 1992; Namkung et al.,
2019). Thus, MA is often detrimental to students’ math learning
and pursuit of science, technology, engineering, and mathematical
(STEM) professional goals (Foley et al., 2017). Although there is
ample evidence on the long-term negative consequences of MA on
math learning (Dowker et al., 2016), much less is known about the
cognitive mechanisms underlying the impaired math performance
among highly math anxious students. According to the attentional
control theory (ACT; Eysenck et al., 2007), anxiety undermines
cognitive performance by inducing an attentional bias to distrac-
tors during problem solving, which occupies the cognitive resour-
ces required for task-related processing. Although the ACT
provides a framework to investigate the effects of anxiety on cog-
nitive processing, it is unclear whether the proposed mechanism
accounts for the anxiety-performance association in the math do-
main. Importantly, there is a paucity of studies that examine the
cognitive mechanisms of the association between MA and math
performance in children, which limits our understanding of the
early emerging math performance gaps between highly math anx-
ious students and their nonanxious counterparts. The current study
fills these gaps by investigating whether the attentional mechanism
proposed in the ACT explains the association between MA and
math performance in elementary and middle school students.

The Link Between Math Anxiety and Math
Performance

MA is generally negatively associated with math performance in
children and adults (Barroso et al., 2021; Caviola et al., 2022; Nam-
kung et al., 2019). Three models have been proposed to explain this
negative association: the deficit model, the debilitating anxiety
model, and the reciprocal model (Carey et al., 2016; Ramirez et al.,
2018). The deficit model states that having poor math performance in
early school years elicits MA (Carey et al., 2016; Ramirez et al.,
2018). The debilitating anxiety model includes two accounts: the
learning avoidance account and the cognitive interference account.
The learning avoidance account argues that students with higher MA
are more likely to avoid math learning and practicing, which deprives
them of opportunities to improve math skills (Chipman et al., 1992;
Hembree, 1990; John et al., 2020; Quintero et al., 2022). The cogni-
tive interference account postulates that the impaired math perform-
ance among individuals with high MA often do not reflect their true
math abilities; rather, high MA competes for cognitive resources in
the moment of problem solving, which temporarily diminishes per-
formance ability among individuals with high MA (Ashcraft &
Krause, 2007; Beilock & Carr, 2005; Ramirez et al., 2016). Finally,
the reciprocal model argues that poor math performance elicits MA,

which in turn impairs subsequent math performance by way of avoid-
ance and cognitive interference (Carey et al., 2016; Ramirez et al.,
2018). The present study focuses on investigating the mechanism
proposed in the cognitive interference account.

The cognitive interference account has received some empirical
support. As one example, in one study, when adults were asked to
solve arithmetic problems while performing a secondary memory
task, individuals with high versus low MA differed only slightly
when the memory load was low but differed substantially when the
memory load was high, suggesting faster depletion of working
memory in adults with high MA (Ashcraft & Kirk, 2001). The Ash-
craft and Kirk (2001) study was conceptualized based on the Proc-
essing Efficiency Theory (Eysenck & Calvo, 1992), which argues
that individuals with high anxiety experience worries and intrusive
thoughts that compete with the ongoing tasks for the limited work-
ing memory resources and cause performance deficits such as poor
accuracy or slow performance. The Processing Efficiency Theory
has subsequently evolved into the ACT (Eysenck et al., 2007). One
major extension of this theory concerns external distractors that,
like internal distractors of intrusive thoughts, interfere task perform-
ance. The ACT posits that anxiety impairs cognitive performance
by inducing an attentional bias, which involves reduction of goal-
directed attentional control and activation of stimulus-driven atten-
tion to distracting stimuli (even more so for threat-related distrac-
tors; Eysenck et al., 2007). Empirically, individuals with high
general anxiety are found to often demonstrate reduced processing
efficiency as a result of an automatic attentional bias toward distrac-
tors during information processing (Bar-Haim et al., 2007; Dudeney
etal., 2015; Eysenck et al., 2007; MacLeod et al., 2019).

In line with the ACT, several studies have pinpointed attentional
control as a possible target of MA attack by showing that the deteri-
orating effect of MA on math performance may be due to an inabil-
ity to inhibit attention to external distractors among persons with
high MA. For example, Hopko and colleagues (1998) found that
adults with higher MA took longer and made more errors in a pas-
sage comprehension test when math-related distractor words were
inserted into the passages, suggesting that adults with higher MA
were less capable of inhibiting their attention to task-irrelevant
math distractors. Similarly, adults with higher MA took longer to
respond to incongruent trials in a numerical Stroop task compared
with adults with lower MA (Sudrez-Pellicioni et al., 2015). Addi-
tionally, individuals with different levels of MA may differ in ori-
enting attention. Using the dot-probe task, some researchers found
that adults with higher MA exhibited more initial avoidance of
math stimuli (Pizzie & Kraemer, 2017), whereas other researchers
found that adults with higher MA showed more initial engagement
toward math stimuli (Rubinsten et al., 2015). Together, these find-
ings suggest that a stimulus-driven (rather than goal-driven) atten-
tion interferes with cognitive performance of adults with high MA
when math information is presented as task-irrelevant distractors.
According to the ACT, this task-irrelevant math-related information
may be particularly distracting to individuals with higher MA,


https://doi.org/10.1037/edu0000759.supp

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

MATH ANXIETY AND ATTENTION 231

which draws their attention away from task-relevant information
processing.

Knowledge Gaps in the Current Literature

Although the emerging literature highlights impaired attentional
control as a candidate cognitive mechanism underlying the nega-
tive association between MA and math performance, several
critical limitations in the existing paradigms leave important
knowledge gaps to be addressed. First, most cognitive tasks in the
existing studies lack ecological validity because they do not
resemble the math problem-solving tasks that children encounter
in their educational settings. In the dual-task paradigm, individuals
need to solve math problems and remember sequences of letters
simultaneously (Ashcraft & Kirk, 2001). In the dot probe task,
math problem-solving is secondary to the primary goal of identify-
ing the shape of the dot (Rubinsten et al., 2015). In the numerical
Stroop task, individuals need to compare a pair of numbers for
their magnitude differences while ignoring their font size differen-
ces (Sudrez-Pellicioni et al., 2015). These tasks are designed with
a dual-task demand, in which a nonmath task competes with the
math-task for the limited cognitive resources. As such, they differ
critically from the math tasks in daily educational settings where
math problem solving is the sole focus.

Relatedly, although prior studies reveal an attentional bias in
individuals with high MA toward math stimuli, these studies do
not inform us whether such an attentional bias impairs math per-
formance. Specifically, previous studies often incorporate math in-
formation as task-irrelevant distractors into nonmath tasks. For
example, Hopko and colleagues (1998) used a reading comprehen-
sion task in which math words were inserted as distractors into the
reading materials. To understand whether an attentional bias
accounts for the impaired math performance among individuals
with high MA, we need to investigate their attentional processes in
a math task, rather than a nonmath task.

A second limitation in the current literature is the sole reliance
on performance outcomes, such as accuracy and reaction time
(RT), to measure attention. This is problematic because these per-
formance outcomes do not measure attention continuously; rather,
they provide only a summary snapshot of how well and how
quickly an individual completes a task, both of which come after
the processing is completed. These measures do not capture the
temporal and spatial distribution of attention while the processing
is happening throughout the task (Armstrong & Olatunji, 2012).
As a result, it is unclear whether MA impairs math performance
by way of sustained attentional bias toward distractors throughout
the task or orienting attentional bias at the initial stage of informa-
tion processing. Therefore, a better approach is needed to measure
attention more directly and continuously during problem solving.

The eye-tracking approach may help address this limitation. Com-
pared with performance outcomes, the eye-tracking approach gives a
real-time measure of cognitive processing, which more directly and
precisely measures how attention is allocated during problem solving
(Duchowski, 2017; Eggert, 2007; Mock et al., 2016). An eye-tracker
captures the spatial and temporal features of eye movements indica-
tive of the location and duration of attention (Strohmaier et al., 2020;
Yiend, 2010). One recent study measured adults’ eye movement dur-
ing an arithmetic verification task (Hunt et al., 2015). This study
found that higher MA was associated with longer RT, but this

negative association was not mediated by the attention to the arithme-
tic problems as captured by a variety of eye-movement measures
(Hunt et al., 2015). These findings were interpreted as evidence
against the cognitive interference account. However, an important
component missing from this design is external distracting stimuli
that could potentially induce attentional bias during problem solving.

Finally, almost all existing studies used adult samples, resulting
in a lack of understanding of the attentional processes in highly
math anxious children. In the general anxiety literature, findings
regarding the attentional bias toward distracting stimuli are well-
established in the adult population (Armstrong & Olatunji, 2012),
but findings in anxious children and adolescents are mixed (Dude-
ney et al., 2015; Lisk et al., 2020). This reveals the possibility that
unique attentional mechanisms may be present in childhood but not
at other developmental periods. Therefore, there is a substantial
need to investigate the attentional mechanisms underlying the MA-
math performance association in early developmental stages.

The Present Study

The present study aims to advance our understanding of the cog-
nitive mechanisms underlying the impaired math performance in
highly math anxious students. We focus on investigating impaired
attentional control (as indicated by the presence of an attentional
bias toward distracting stimuli) as the mediator in the association
between MA and math performance. To address the gaps in the lit-
erature, we used an eye-tracking approach to measure real-time
attention allocation in an ecologically valid timed math task in a
sample of elementary and middle school students. In this task, stu-
dents solved a series of arithmetic problems within a time limit
(Murphy & Mazzocco, 2008). This task resembles the real-world
problem-solving tasks that students are familiar with, where their
sole focus is on solving the math problems. Performance on this
task has been shown to correlate moderately positively with stand-
ardized math achievement test scores (Wang et al., 2015), which
further demonstrates the ecological validity of this math task. Addi-
tionally, by using a math task (rather than a nonmath task), we can
examine whether students with higher MA exhibit more attentional
bias during math problem solving, and whether such an attentional
bias predicts their poorer math performance.

To examine the type of distractors that may induce attentional
bias in highly math anxious students, we incorporated two condi-
tions in this math task (see Figure 1). One condition includes a
rotating star, which is completely irrelevant to the task (i.e., task-
irrelevant distractor). The other condition includes a circular count-
down timer that indicates the amount of time left for each problem
(i.e., task-relevant distractor). We operationalize the task-relevant
distractor as a distractor that emphasizes or makes salient the timed
nature of the task. This operationalization is used because students
are often assessed by timed tests in their daily classroom settings.
As such, salient time pressure is an ecologically relevant distractor
that warrants further examination. Additionally, it has been sug-
gested that the pressure to finish timed math tasks disrupts atten-
tional control and yields performance decline among highly math
anxious individuals (Ashcraft, 2002; Plass & Hill, 1986). Therefore,
salient time pressure may be a task-relevant distractor that heightens
the disruptive effect of MA on math performance.

We used eye-tracking measures to assess students’ attention dur-
ing problem solving. Specifically, the onset of the first fixation (i.e.,
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Figure 1
Hllustration of the Problem Verification Task

40+25=15

(a) Timer block: The timer indicates the time left for a problem.

first fixation onset) in an area is often considered an indicator of ini-
tial orienting attention to stimuli in that area (Bar-Haim et al.,
2007). The total number (i.e., fixation count) and the cumulative du-
ration of fixations (i.e., dwell time) in an area indicate one’s overall
level of attention to stimuli within that area (Liang et al., 2017).
Hence, fixation count and dwell time are indicators of the overall
importance of a region to an individual in a task. By using these
eye movement indicators, we can examine whether students with
higher MA exhibit an orienting attentional bias at the initial stage of
information processing and/or a sustained attentional bias through-
out the task toward the distractors and/or the math problems.

In summary, the current study examined whether students with
higher MA exhibited more attentional control deficits while solving
math problems and whether such attentional control deficits predicted
their performance on this math task. Although the ACT argues that
anxiety mainly affects performance efficiency, which is a combina-
tion of accuracy and speed (Eysenck et al., 2007), we examined accu-
racy and RT as separate indicators of task performance, because
individuals with higher MA may exhibit several possible perform-
ance profiles. For example, they may be motivated to engage in addi-
tional effort (i.e., longer RT) to perform at the same accuracy level as
those with lower MA (Eysenck et al., 2007). They may sacrifice ac-
curacy for speed (Ashcraft & Faust, 1994). They may even show def-
icits in both accuracy and speed (Barroso et al., 2021; Caviola et al.,
2022; Namkung et al., 2019). These different possibilities suggest
that examining accuracy and RT as two separate performance indica-
tors, rather than as a single efficiency score, affords us greater speci-
ficity in understanding the performance profiles of students with
varying levels of MA. Drawing on the ACT and empirical findings
in the MA literature, we hypothesized that,

1. Higher MA would be associated with lower performance
accuracy and longer reaction time in both the timer and
star conditions.

2. Higher MA would be associated with lower levels of ori-
enting and overall attention to the arithmetic problems
and higher levels of orienting and overall attention to the
distractors in both the timer and star conditions.

pAe

39+-16=3

(b) Star block: The rotating star is irrelevant to the task.

3. Both orienting and overall attention to the arithmetic
problems and distractor would mediate the negative asso-
ciation between MA and performance accuracy and the
positive association between MA and reaction time in
both the timer and star conditions.

Method

Participants

The sample consisted of 207 families participating in an ongoing
longitudinal study. Families with children who were between 3rd
and 6th grade at the time of initial assessment were recruited from a
West Texas community by way of digital advertisement, flyers, and
community events. Participants’ ages ranged from 8 to 12 years
(M =10.18; SD = 1.04; 50% female). The sample racial composi-
tion was 68% White, 8% African American, 6% Asian, 2% Native
American or Alaska Native, and 15% other. Families of Hispanic
origin comprised 38% of the sample. In terms of family income,
23% of families had an annual household income less than $40,000
and 27% of families had an annual household income more than
$100,000. Regarding parental educational level, 10% of the parents
completed their high school education or less, 18% of the parents
attended college without graduating, 35% of the parents graduated
from college, and 36% of the parents attended graduate or profes-
sional school education.

Procedure

Each family visited the lab for three hours for their initial
assessment. First, each participating child completed a series of
computerized tasks, including the Problem Verification task (PVT)
used in the present study and several executive function tasks not
used here. Eye movement data were collected during the PVT.
Then, each child completed standardized reading and math
achievement testing. Finally, each child completed a series of
questionnaires to measure their MA and general anxiety. The
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experimental protocols were approved by the Institutional Review
Board of Texas Tech University.

Measures
Problem Verification Task

In the PVT (adapted from Murphy & Mazzocco, 2008), partici-
pants were asked to determine whether an arithmetic equation
(e.g., “33 — 3 =30") was correct or incorrect by pressing two keys
on a standard computer keyboard, with the “z” key indicating
“incorrect” and the “?” key indicating “correct.” Although partici-
pants were given 10s to respond to each problem, they were
encouraged to provide their responses as quickly and as accurately
as possible.

Each participant completed 134 trials in two blocks. The 66 trials
per block included a mixture of addition and subtraction problems
(up to three-digit integers) and multiplication and division problems
(up to two-digit integers). In each block, 32 trials presented an
equation with the correct solution, whereas 34 trials presented an
equation with an incorrect solution. Problems presented in the two
blocks were matched on the operation, difficulty level, and correct/
incorrect solution. The presentation order of the two blocks was
randomized across participants, and the presentation order of the tri-
als within each block was fixed for all participants. Each equation
was presented together with a distractor (see Figure 1), with the dis-
tractor being randomly positioned above or below the equation.

In the task-relevant distractor block, each trial incorporated a cir-
cular timer. In the task-irrelevant distractor block, each trial incor-
porated a rotating star. A circular timer was chosen over a digital
timer because (a) the latter presents numbers which may compete
with the numbers in the arithmetic problems, and (b) the former
presents a better visual control for the rotating star (i.e., both move
circularly). Participants were introduced to the distractors by (a)
receiving the verbal instruction “the circular timer indicates the
amount of time left for each problem and the rotating star has abso-
lutely nothing to do with the problem,” and (b) completing one
practice trial for each condition at the beginning of the task.

To assess participants’ performance in each block, accuracy
was calculated as the number of correct responses divided by the
total number of trials, and RT was calculated by taking the average
RT across all trials (including trials with a correct and an incorrect
response) in milliseconds.' We converted the units from millisec-
onds to seconds in the mediation analyses to facilitate the interpre-
tation of parameter estimates.

The PVT was programmed in E-Prime 3.0 (Psychology Soft-
ware Tools Inc., 2016). The stimuli were presented on a 24-in.
monitor with the resolution set to 1,920 by 1,080 pixels. The font
of the equation was in Cambria Math 65. The size of the timer was
172.8 by 140.4 pixels, and the size of the rotating star was 192 by
162 pixels. The timer was set to be slightly smaller than the star to
make these two distractors visually comparable. The horizontal
center of the equation and distractor was set at 50% and the verti-
cal center was set at 33% or 67% depending on the relative posi-
tions of the equation and distractor in each trial. A central fixation
point (“+4; font Consolas, size 45 in bold) was presented for 500
or 800 milliseconds to recenter gaze attention prior to each trial.
The presentation duration of the fixation point was randomized
across trials. During the task, the keyboard was covered by an

opaque box to encourage participants to focus on the monitor
instead of looking down at the keyboard.

Eye-Tracking

Eye movements were recorded during the PVT using an Eyelink
1000 Plus eye tracking system (SR Research, 2016). The eye-tracker
was operated in the remote mode that sampled eye movements at a
rate of 1000 Hz. A target sticker was attached to each participant’s
forehead to enable tracking of head position in situations when gaze
was lost, which can happen when a participant blinks or makes a sud-
den movement. By adjusting the height of the seat and the position
of each participant, (a) the participant’s eyes were aligned with the
top quarter of the monitor and (b) the distance between the partici-
pant’s tracked eye and the eye-tracker camera was approximately 55
cm to 60 cm. The distance between the monitor and eye-tracker was
51 cm. Therefore, the total distance between the tracked eye and the
monitor was approximately 106 to 111 cm.

Prior to the PVT, a 13-point calibration and validation procedure
was completed to map the output of the eye tracker against spatial
position on the monitor. The acceptable spatial error in the valida-
tion was set at below .5° of visual angle for the average error and
below 1° of visual angle for the maximum error. By default, each
participant’s right eye was tracked (n = 160). When tracking the
right eye invoked technical issues or yielded errors higher than the
predetermined threshold, the left eye was recorded instead (n = 29).

Eye movement data processing was completed in Data Viewer
(SR Research, 2016). Two interest areas (IAs) were created in
each trial, one for the equation and one for the distractor (i.e.,
timer/star). The IAs for the distractors were of the same sizes as
the distractors. For the equations, the sizes of the IAs varied across
trials depending on the length of the equation,” but each IA was
tight against each equation. Three eye-movement indicators were
considered for each IA in each trial, including: (a) first fixation
onset: the time it takes till the initial fixation on the IA; (b) fixation
count: total number of fixations within the IA; and (c) dwell time:
the sum of the fixation durations within the IA. For each indicator,
we created a summary score by taking an average of the scores
across all trials within each block.

Math Anxiety

MA was measured using the Mathematics Anxiety Scale for
Children (Chiu & Henry, 1990). This scale contains 22 items that
ask participants to rate how nervous they feel in different math-
related situations, such as “reading and interpreting graphs or
charts,” or “taking a quiz in a math class.” Each item was rated on
a 4-point Likert scale from 1 = not nervous to 4 = very very nerv-
ous. A composite MA score was created by taking the average of
the 22 items. A higher score represented a higher level of MA.
Cronbach’s alpha for this scale was .92.

'A separate set of analyses were conducted in which RT was calculated
using only trials with a correct response. Results remain essentially
unchanged.

2 The size of the equation IA varies depending on the length of the
equation because each digit and operation sign is of the same font and size.
Therefore, the equation 20 4+ 30 = 50 is naturally longer than the equation
2 + 3 =5. This variation in IA size is constant across all participants. Thus,
it does not affect the analyses of individual differences.
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Covariates

Each student reported their sex (1 = male, 2 = female) and grade
level. To get a more nuanced measure of within-grade level var-
iance over the course of each academic year, we calculated grade
with month based on the current grade plus the number of school
months as a decimal point ranging from 1 to 9 (e.g., a 5th grader
who participated in the study in November was in grade 5.3); sum-
mertime was counted as .9.

General anxiety was measured using six items from the Spence
Children’s Anxiety Scale (Spence, 1997). Participants were asked
to rate how often they experience anxious feelings on a 4-point-
Likert scale from O = never to 3 = always. One sample item is “I
worry about things.” Cronbach’s alpha for this scale was .82.

Statistical Analysis

Data preparation, descriptive analyses, and correlations were
completed using IBM SPSS Statistics (Version 25, IBM Corp,
2017). Structural equation modeling analyses were completed in
Mplus V8.6 (Muthén & Muthén, 1998-2017). For each block, we
tested two mediation models (Figure 2a-2d), with one examining
orienting attention (i.e., first fixation onset) as the mediator and the
other examining overall attention (i.e., fixation count and dwell
time) as the mediator. First fixation onset was examined as a mani-
fest indicator of orienting attention whereas fixation count and
dwell time were used to form a latent overall attention factor.
Mediation effects were tested using the bootstrap confidence inter-
vals with 10,000 bootstrap samples. Student sex, grade with
month, and general anxiety were controlled as covariates in all the
mediation models.

A total of 18 participants did not have eye movement data
owing to technical problems. In addition, to ensure the quality of
the results, participants who failed to look at the equation IA at all
on more than 40% of trials were removed from further analyses
(n =15).> We also excluded participants who were not engaged in
the activity (n = 10), based on the following criteria: (a) having a
combination of both low accuracy scores (= .25) and short RT
(= 2,500 ms) and (b) exhibiting consistent off-task behaviors during
the PVT. There was no mean difference in the MA score between
participants who were included (M = 1.89, SD = .54) in and those
who were excluded (M = 2.03, SD = .55) from the analyses, #203) =
—1.50, p = .14. The sample size for the final analyses was 168.

Transparency and Openness

We report all manipulations and measures relevant to the pres-
ent study, as well as criteria for data exclusions. De-identified
data, analysis scripts, and materials are available at https://doi.org/
10.17605/0SF.I0/V3GClJ. The present design and analyses were
not preregistered.

Results

Table 1 shows the descriptive statistics of the main study varia-
bles. We conducted a series of paired sample ¢ tests to examine
differences in attention and performance between the timer and
the star blocks (see Table 2). Students performed more accurately
in the timer block than the star block. In terms of attention to the
distractor, students had a significantly slower first fixation on the

timer than the star. Additionally, students fixated significantly lon-
ger and more frequently on the timer than the star.

Owing to the large number of variables, their correlations are
shown in Table S1 in the online supplemental materials. The cor-
relation patterns were highly similar across the timer and star
blocks. Specifically, MA was correlated with accuracy modestly
negatively, and with RT modestly positively. Regarding correla-
tions between MA and attention, MA was positively correlated
with fixation count and dwell time in the distractor area. MA was
generally not correlated with attention in the equation area. In
terms of the correlations between attention and performance, the
three attention indicators in both IAs were generally positively
associated with RT and negatively associated with accuracy.

The four mediation models described in the statistical analysis
section were used to test hypotheses 1-3. The two models examin-
ing the mediating role of orienting attention (Figure 2a and 2c)
were saturated, for which model fit could not be evaluated. The
two models* examining the mediating role of overall attention
(Figure 2b and 2d) had adequate fit (Timer block: y*[14] = 26.89,
p =.02; CFI = .98; RMSEA = .08; Star block: y*[14] =23.22, p =
.06; CFI = .99; RMSEA = .06). Students’ sex, grade level, and
general anxiety were included as covariates in all models and their
estimated effects are presented in Supplemental Table S2.

To test hypothesis 1 (Higher MA would be associated with
lower performance accuracy and longer RT in both the timer and
star conditions), we examined the total effects (i.e., a combination
of direct and indirect effects) of MA on performance accuracy and
RT in the four mediation models. In the timer block (Figure 2a
and 2b), there was a significant total effect of MA on accuracy
(B=—.23, 95% bootstrap CI [—.36, —.11]) and RT (B = .16; 95%
bootstrap CI [.00, .32]). In the star block (Figure 2c and 2d), there
was a significant total effect of MA on accuracy (B = —.34; 95%
bootstrap CI [—.48, —.20]). The total effect of MA on RT did not
reach statistical significance in the star block (B = .14; 95% boot-
strap CI [—.02, .29]), but its magnitude resembled the total effect
of MA on RT in the timer block.

To test hypothesis 2 (Higher MA would be associated with less
orienting and overall attention to the arithmetic problems and
more orienting and overall attention to the distractors in both the
timer and star conditions), we examined the predictive paths from
MA to attention indicators in the four mediation models. In the
timer block, MA was not associated with orienting attention to-
ward either the equation or the distractor (Figure 2a), suggesting
that students with higher MA did not differ from students with
lower MA in their initial stage of information processing. While
MA was not associated with overall attention to the equation, it
was positively associated with overall attention to the timer (Fig-
ure 2b), suggesting that students with higher MA paid more atten-
tion overall to the task relevant distractor. The results in the star
block resemble those in the timer block. Specifically, MA was not
associated with orienting attention toward either the equation or

*We also conducted additional analyses with these participants
included. Results remain essentially the same.

4 Fixation count and dwell time for the timer and equation are highly
correlated, which causes a poor model fit and an estimation of negative
residual variance for dwell time. To improve model fit and remedy the
estimation problem, we constrained the residual variance for dwell time to
be zero.


https://doi.org/10.17605/OSF.IO/V3GCJ
https://doi.org/10.17605/OSF.IO/V3GCJ
https://doi.org/10.1037/edu0000759.supp
https://doi.org/10.1037/edu0000759.supp

ied publishers.

and is not to be disseminated broadly.

ical Association or one of its

personal use of the individual user

d by the American Psycholo

ghte

yri
Y

This document is cop,
This article is intended solely for the

MATH ANXIETY AND ATTENTION 235

Figure 2
Mediation Models

a. Math Anxiety Predicts PVT Performance via First Fixation Onset in the Timer Block
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the distractor (Figure 2c). Although MA was not associated with
overall attention toward the equation, it was positively associated
with overall attention to the star (Figure 2d).

To test hypothesis 3 (Both orienting and overall attention to the
arithmetic problems and distractor would mediate the negative associ-
ation between MA and performance accuracy and the positive associ-
ation between MA and RT in both the timer and star conditions), we
examined the indirect effects of MA on accuracy and RT via orienting

(Figure continues on next page)

and overall attention in the equation and distractor areas in the four
mediation models. In both the timer and star blocks, orienting atten-
tion to neither equation nor the distractor area mediated the associa-
tion between MA and task performance (Figure 2a and 2c). In both
the timer and star blocks, overall attention in the distractor area, but
not in the equation area, mediated the associations between MA and
accuracy and between MA and RT (Figure 2b and 2d). Specifically,
MA significantly positively predicted overall attention to the distractor
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Figure 2. (continued)

c. Math Anxiety Predicts PVT Performance via First Fixation Onset in the Star Block
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Note.  (a) Math anxiety predicts Problem Verification task (PVT) performance via first fixation onset in the
timer block. (b) Math anxiety predicts PVT performance via overall attention in the timer block. (¢) Math anxi-
ety predicts PVT performance via first fixation onset in the star block. (d) Math anxiety predicts PVT perform-
ance via overall attention in the star block. Standardized parameter estimates [95% bootstrap confidence
intervals] are displayed. Solid lines and bold numbers indicate statistical significance under the Type I error
rate of .05; dotted lines indicate nonsignificant paths. Child sex, grade level, and general anxiety were included
in the model as covariates but are not shown in the figures for simplicity.

area, suggesting that students with higher MA fixated longer and Discussion
more frequently on the distractor. In turn, overall attention in the dis-
tractor area significantly negatively predicted accuracy and positively
predicted RT, suggesting that students with higher MA showed tional control during a math problem-solving task mediated the asso-
enhanced overall attention to the distractor, which contributed to their ~ ciation between MA and math performance in a sample of elementary
less accurate performance and prolonged RT in both blocks. and middle school students. Overall, our findings showed that students

The present study investigated the extent to which impaired atten-
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Table 1
Descriptive Statistics of Study Variables
Variable M SD Skewness Kurtosis Min Max
Grade 5.32 .87 0.06 —0.79 3.20 7.10
General anxiety 2.07 .68 1.01 0.95 1.00 4.00
Math anxiety 1.89 54 0.78 0.52 1.00 3.04
Timer block
Task performance
Accuracy 72 11 —0.18 —0.12 42 97
Reaction time 4,753.75 1,274.62 0.15 —0.35 1,834.20 7,833.95
Attention to distractor
First fixation onset 3,682.12 1,128.51 0.08 0.22 842.67 7,095.10
Fixation count 0.60 0.38 1.65 4.28 0.02 2.32
Dwell time 210.84 191.68 2.57 9.34 4.12 1,281.35
Attention to equation
First fixation onset 1,467.51 329.59 1.58 2.75 1,075.08 2,799.61
Fixation count 7.10 2.51 0.16 0.04 0.95 14.80
Dwell time 2,413.55 997.18 0.35 —0.17 346.15 5,102.20
Star block
Task performance
Accuracy .69 12 —0.17 —0.55 35 98
Reaction time 4,820.60 1,367.95 0.12 —0.41 1,729.21 8,253.70
Attention to distractor
First fixation onset 2,753.79 1,208.29 0.40 -0.72 918.17 5,696.64
Fixation count 0.28 0.18 1.12 1.43 0.00 1.00
Dwell time 73.68 65.62 2.08 5.67 0.00 391.61
Attention to equation
First fixation onset 1,452.56 305.51 1.18 1.02 1,068.83 2,579.93
Fixation count 7.36 2.74 0.21 —0.22 1.55 15.74
Dwell time 2,585.20 1,115.53 0.25 —0.35 503.59 5,432.12

with higher MA exhibited an attentional bias toward both task rele-
vant and task irrelevant distractors during math problem solving. This
attentional bias toward distractors among students with higher MA
further contributed to their less accurate and slower performance com-
pared with students with lower MA. Next, we discuss our findings in
relevance to each of the three study hypotheses in turn.

Our first hypothesis that higher MA would be associated with
lower accuracy and longer RT was partially supported. We found
that higher MA was modestly associated with lower accuracy in
both the timer and star blocks, consistent with the literature show-
ing impaired math performance among students with high MA
(Barroso et al., 2021; Namkung et al., 2019). MA was significantly
negatively associated with RT in the timer but not the star block.
Although the total effect of MA on RT did not reach statistical sig-
nificance in the star block, its magnitude resembled the total effect

of MA on RT in the timer block, suggesting that the size of the
total effect of MA on RT was small in both blocks. Our finding is
at odds with a recent eye-tracking study by Hunt and colleagues
(2015), which found that MA was associated with RT, but not ac-
curacy, in an arithmetic verification task. This discrepancy may be
due to the different types of distractors examined in these two
studies. Hunt et al. (2015) did not include external distractors in
their arithmetic task, so their highly anxious participants were
likely primarily influenced by internal distractors. According to
the ACT, internal distractors such as worrying thoughts can moti-
vate highly anxious individuals to invest more cognitive effort
(e.g., longer RT) to reach the same accuracy level as observed in
those with low anxiety (Eysenck et al., 2007). By contrast, the
present study primarily investigated interference from external dis-
tractors that may not be as motivating as internal distractors. This

Table 2
Paired Sample t Test: Differences Between Variables in the Timer and Star Blocks
Variable Timer block M (SD) Star block M (SD) t (df) Cohen’s d
Task performance
Accuracy 72 (.11) .69 (.12) 5.57 (167)* 0.43
Reaction time 4,753.75 (1,274.62) 4,820.60 (1,367.95) —1.26 (167) —-0.10
Attention to distractor
First fixation onset 3,670.39 (1,121.57) 2,753.79 (1,208.29) 9.30 (166)* 0.72
Fixation count 0.60 (0.38) 0.28 (0.18) 12.60 (167)* 0.97
Dwell time 210.84 (191.68) 73.68 (65.62) 10.97 (167)* 0.85
Attention to equation
First fixation onset 1,467.51 (329.59) 1,452.56 (305.51) 0.65 (167) 0.05
Fixation count 7.10 (2.51) 7.36 (2.74) —1.47 (167) —0.11
Dwell time 2,413.55 (997.18) 2,585.20 (1,115.53) —2.52 (167) -0.20

“Statistically significant effects under Type I error rate of .05 after Holm-Bonferroni correction.
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may explain why students with higher MA were not only less effi-
cient but also less effective in their performance in the present
study.

Our second hypothesis was that higher MA would be associated
with less attention to the arithmetic problems and more attention
to the distractors. The results partially supported this hypothesis.
Inconsistent with this hypothesis, higher MA was not associated
with first fixation onset in either block. However, higher MA was
associated with more overall attention to both the timer and the
star, suggesting that students with higher MA showed a sustained
attentional bias toward the distracting information throughout the
task, regardless of the distractor types.

Contradictory to our hypothesis, we found that MA was not
associated with attention to the arithmetic problems. This finding
is at odds with the existing literature regarding highly math anx-
ious students’ attentional bias toward math-related information in
nonmath tasks (Hopko et al., 1998; Rubinsten et al., 2015). This
discrepancy may be because the previous studies used tasks in
which math information is tangential or irrelevant to the main goal
of the tasks (Hopko et al., 1998; Pizzie & Kraemer, 2017; Rubins-
ten et al., 2015), whereas math-related information in the current
investigation is central to the task performance. Thus, although
students with higher MA may show heightened attention to math-
related information in a nonmath context, they did not appear to
exhibit such an attentional bias in a math problem-solving context.
Therefore, in a math problem-solving context, the attentional bias
mainly associated with impaired math performance among stu-
dents with high MA was toward distracting information presented
along with the math problems, rather than toward the math prob-
lems themselves.

Our third hypothesis was that attention to the arithmetic prob-
lems and distractors would mediate the association between MA
and task performance. The findings partially supported this hy-
pothesis. Contradictory to our hypothesis, attention to the arithme-
tic problems did not mediate the association between MA and task
performance. This finding is consistent with a recent eye-tracking
study on adults, which also found that the eye movement measures
of attention to arithmetic problems did not mediate the association
between MA and performance on an arithmetic verification task
(Hunt et al., 2015). However, consistent with this hypothesis, the
overall attention to the distractor mediated the negative association
between MA and accuracy as well as the positive association
between MA and RT in both the timer and star blocks, such that
students with higher MA were more engaged with the distractor,
which in turn predicted less accurate performance and more pro-
longed RT. These results largely support the ACT, which argues
that anxiety impairs cognitive performance by undermining goal-
driven attentional control and promoting stimulus-driven atten-
tional processing (Eysenck et al., 2007). In the present study, the
goal-driven attention is directed toward the arithmetic problems,
whereas the stimulus-driven attention is directed toward the dis-
tractors. Although students with different MA levels did not differ
in their total amount of attention allocated to the arithmetic prob-
lems, students with higher MA engaged more than students with
lower MA in stimulus-driven processing of the distractors. Men-
tally solving arithmetic problems is challenging and requires con-
tinuous concentration on the to-be-solved problem. When students
with higher MA frequently checked the distractors, their continu-
ous train of thoughts was likely disrupted, which may have

explained their reduced performance accuracy and increased RT,
as compared with students with lower MA.

We investigated attentional control as a cognitive mechanism
that may explain why students with higher MA underperform on
math tasks relative to their peers with lower MA. The present study
has numerous strengths to bridge major gaps in the existing litera-
ture. First, unlike previous studies that relied on nonmath tasks or
dual tasks (e.g., Ashcraft & Kirk, 2001; Hopko et al., 1998; Rubins-
ten et al., 2015; Suarez-Pellicioni et al., 2015), we used a math
problem solving task to examine the role of attentional control. The
principal benefits associated with this math task are the ecological
validity stemming from its resemblance to math problem solving
children regularly experience in their learning settings, and that it
allows us to examine whether the impaired attentional control dur-
ing a math task contributes to high MA students’ impaired math
performance. Relatedly, we manipulated the saliency of time pres-
sure in the math task, which allowed us to investigate students’
attentional bias toward this ecologically relevant distractor. Second,
this study is among the first to use eye-tracking to measure attention
during a math task. The eye-tracking measures provide a more
direct and precise assessment of the temporal (orienting vs. overall
attention) and spatial (equation vs. distractor) distribution of atten-
tion throughout the task. Finally, the present study used a sample of
elementary and middle school students, which provides the first
insight into the attentional mechanism underlying the MA-math
performance association in early educational stages.

The present study has several limitations that should be
addressed in future studies. First, the correlational design prevents
definitive causal inferences regarding the association between MA
and PVT performance. Although we focused on the predictive
effect of MA on math performance, several longitudinal studies
suggest that math performance may also predict subsequent MA
development (e.g., Gunderson et al., 2018; Ma & Xu, 2004; Wang
et al., 2020). Future longitudinal studies should investigate mecha-
nisms that link MA and math performance in both directions.
Relatedly, those mechanisms may be subject to developmental and
individual differences, which should be examined in future longi-
tudinal studies. For example, several studies have identified sub-
groups of students, such as mathematically gifted students, whose
performance may benefit from moderate levels of MA (Tsui &
Mazzocco, 2007; Wang et al., 2015). Future studies should inves-
tigate the mechanisms that explain why MA may promote math
performance in some students and hinder math performance in
others. Third, it has been shown that individuals with high MA
show more performance deficits when solving more difficult arith-
metic problems, such as problems involving regrouping (i.e., a
carry or borrow), because difficult or novel problems place a heav-
ier tax on working memory capacity than easy or overlearned
problems (Ashcraft & Krause, 2007). Additionally, some recent
evidence suggests that individuals with higher MA approach the
most fundamental numerical processing and simple arithmetic dif-
ferently than individuals with lower MA (Chang et al., 2017;
Maloney et al., 2010). An interesting area for future research is to
examine whether deficits in attentional control during math prob-
lem solving also vary with the degree of math task difficulty.
Fourth, although the current problem verification task mimics
some types of math tasks children engage with in the educational
settings, it may nevertheless differ from the exact arithmetic pro-
duction tasks commonly used in the classroom (Campbell &
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Tarling, 1996). Moreover, the PVT was a low-stake task that stu-
dents performed in a lab environment. To better understand
whether the present findings generalize to classroom settings,
future studies should investigate students’ math performance on
high-stake exams that include arithmetic production problems.
Fifth, although the eye tracking measures of attention have many
merits, they capture only overt attention not covert attention.
Future studies should combine eye tracking measures with other
neurological measures such as continuous EEG to assess covert
attention (Kulke et al., 2016). Relatedly, the present study of exter-
nal distractors does not inform us whether and how internal dis-
tractors, such as intrusive thoughts, compete with the ongoing task
for attentional resources. Finally, the use of the circular timer as a
distractor may present challenges for some students, as it took
time to figure out what information was conveyed by the timer. It
may even be possible that some students viewed decoding the
timer as a math problem itself. Future studies should address these
issues by manipulating the timing salience in other ways, such as
presenting it auditorily.

The present findings offer several important theoretical and
practical implications. Our findings reveal that maladaptive atten-
tional patterns during math problem solving contribute to the MA-
related math performance deficit. Students with higher and lower
MA allocated a similar amount of attention toward the math prob-
lems, but students with higher MA were more easily distracted by
the presence of distractors. Consequently, difficulties inhibiting
attention toward the distractors contributed to the less accurate and
slower performance seen among students with higher MA. Our
study elucidates that distracting information presented together
with the to-be-solved math problems, may compromise continuous
attention needed for efficient math problem solving among stu-
dents with high MA. Theoretically, these results demonstrate the
applicability of the ACT (Eysenck et al., 2007) to explaining the
anxiety—performance relation in the math domain.

Additionally, our findings reveal that students with higher MA
demonstrated enhanced processing of the distractor, regardless of
its task relevance, in a timed math task. This finding has important
implications for classroom instructional practices. Many classroom
exams are timed and administered in a group setting. These assess-
ment environments may induce unsurmountable distractions for stu-
dents who already dread math, such as being reminded of the timed
nature of the task or seeing people walk around in the classroom. If
these distractions prevent these students from concentrating on
solving the math problems without interruption, impaired perform-
ance may inaccurately underrepresent these students’ true math
abilities. It is important for educators to consider what classroom
practices they use (e.g., more use of untimed task and individually
administered assessment) that may dampen the effect of various
distractors on math performance among students with high MA.
Such practices may not only provide a more accurate assessment of
high MA students’ math abilities but may also create a more equita-
ble learning environment.
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