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Previous research suggests that math anxiety, or feelings of apprehension about math, leads individuals
to engage in math avoidance behaviors that negatively impact their future math performance. However,
much of the research on this topic explores global avoidance behaviors in situations where math can be
avoided entirely rather than more localized avoidance behaviors that occur within a mathematics con-
text. Since the option to completely avoid math is not common in most formal education systems, we
investigated how and if math avoidance behaviors manifest for math-anxious high school students en-
rolled in math courses. Given previous research highlighting the utility of effortful study strategies as
well as recent findings identifying a relation between math anxiety and the avoidance of math-related
effort, we hypothesized that math anxiety would be associated with decreased planned engagement of
effortful study strategies by students and that such effort avoidance would result in worse performance
on a high-stakes mathematics exam. We found (N = 190) that the majority of students ranked problem-
solving as the most effortful study strategy and that math anxiety was associated with less planned
engagement with effortful problem-solving during studying. Moreover, the avoidance of effortful prob-
lem-solving engagement partially mediated the association between math anxiety and exam perform-
ance, marking it as a potential target for intervention.
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Math anxiety, or feelings of tension and apprehension about
math, is a problem that affects students around the globe (Barroso et
al., 2021; Foley et al., 2017). Students who experience math anxiety
score lower on standardized math examinations compared to their
less anxious peers, even in countries that are considered “high
achieving” in the subject (Foley et al., 2017; Organization for Eco-
nomic Cooperation and Development, 2013b). Given the significant
role math skills play in the global labor market (Organization for
Economic Cooperation and Development, 2013a; Watt et al., 2017),
it is important to understand how and why math anxiety relates to
students’ ability to achieve their full potential in mathematics.

Many theories have been proposed to explain how math anxiety
influences math learning and performance (for a review, see Ram-
irez et al., 2018). Although the most prominent theory posits that
math anxiety limits the availability of working memory resources
needed for problem-solving in the moment (Ashcraft & Kirk,
2001; Beilock et al., 2017; Ramirez et al., 2016), another hypothe-
sis suggests that math-anxious students perform worse in math
over time because they are math avoidant—the math avoidance
hypothesis (Hembree, 1990; Richardson & Suinn, 1972). These
avoidance behaviors are thought to limit students’ exposure to
math concepts, negatively impacting future math outcomes (Carey
et al., 2015; Ramirez et al., 2018). However, there is little data
exploring how, why, and when math-anxious students actually
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engage in math avoidance behavior. Gaining a full understanding
of these behaviors can provide additional insight into the math
anxiety-performance relation as well as identify potential ways to
intervene.
The most commonly cited data in support of the math avoidance

hypothesis found that math-anxious students are less likely to
enroll in optional math courses (Ashcraft & Kirk, 2001; Hembree,
1990; LeFevre et al., 1992). These data focus on the presence of
math avoidance behaviors in situations where math can be avoided
completely. However, in most Westernized school systems, stu-
dents are required to take math courses and therefore cannot avoid
math completely in the ways typically cited by the literature. This
begs the question of whether and how math avoidance behaviors
manifest for students within the context of a math course. If math
anxiety does lead to math avoidance for students enrolled in math
classes, what does this avoidance look like, and how does it relate
to students’ course performance?
Findings from recent research provide some initial insight about

how math avoidance behaviors manifest in mathematical situa-
tions. In one study, math-anxious seventh-grade students were
rated by their teachers as having lower in-class attention compared
to their less anxious peers, with lowered attention indirectly influ-
encing students’ achievement gains (Geary et al., 2021). Addition-
ally, previous research on math anxiety reveals a link between
math anxiety and a reduction in mathematical processing (Ashcraft
& Faust, 1994; Pizzie & Kraemer, 2017), decreases in cognitive
reflection (Maloney & Retanal, 2020; Morsanyi et al., 2014), and
activation of the neural “pain network” when anticipating math
engagement (Lyons & Beilock, 2012). Together, these studies sug-
gest a link between math anxiety and the avoidance of math
engagement, providing critical information about how math avoid-
ance behaviors might manifest for students within math courses.
In the current study, we explored whether math avoidance

occurs within the context of a mathematics classroom by focusing
on how it may manifest as the avoidance of effort for math-anx-
ious students. We were especially interested in whether math-anx-
ious students avoid effortful study strategies when preparing for
an exam. This idea of a math anxiety-math effort avoidance link is
based on findings from our recent work, which shows that math
anxiety is associated with the prioritization of solving easy math
problems over harder ones, even in situations where harder prob-
lems are associated with a higher reward and when problem diffi-
culty is adapted to the ability of the participant (Choe et al., 2019).
Furthermore, we hypothesized that the avoidance of effortful

exam study strategies would be associated with worse exam per-
formance. This idea is grounded in research findings that highlight
the critical role that self-regulated use of study strategies plays in
student performance (Dunlosky et al., 2013; Pintrich & De Groot,
1990). Specifically, this research suggests that student engagement
with effortful or “desirably difficult” study strategies reliably
enhances learning and performance (Bjork et al., 2013; Carpenter
et al., 2020). Additionally, high- and low-achieving students have
been found to differ in how they engage with various study strat-
egies, and these differences have been linked to differential per-
formance outcomes (DiFrancesca et al., 2016.; Proctor et al.,
2006; Yip, 2007). Given these findings, it seems plausible to pre-
dict that gaps in performance between more- and less-math-anx-
ious students may be, in part, the result of differential studying
behaviors. If math-anxious students avoid effortful study strategies

that are effective in advancing math proficiency, they may have
lower exam performance and exacerbate their difficulties with
math.

Therefore, in the current study, we examined the relation
between math anxiety and math avoidance by assessing the study
strategies and exam scores of students enrolled in a math course.
We hypothesized that math anxiety would be associated with
planned effort avoidance during exam preparation, as measured
both by the quantity (i.e., planned study time allocation) and qual-
ity (i.e., planned prioritization of difficulty) of students’ engage-
ment with effortful study strategies. We also predicted that
students’ planned engagement with effortful study strategies
would, at least, partially mediate the association between math
anxiety and their performance on a math exam.

Method

Participants

Two hundred sixty students enrolled in Advanced Placement
(AP) Calculus AB at a public, Midwestern high school were
invited to complete our survey. The AP Program is run by the Col-
lege Board and enables high school students to take a variety of
college-level courses. At the conclusion of each course, students
can complete an AP exam, with many colleges awarding students
with qualifying AP exam scores college credit or the opportunity
to skip intro-level courses in the subject. The AP Calculus AB
exam is 3 hr long and covers the concepts, methods, and applica-
tions of differential and integral calculus.

Parents were sent a letter informing them of the study and how
they could opt out of sharing their student’s data with researchers.
Students were similarly allowed to opt out of sharing their data
with researchers. All procedures were completed in accordance
with the guidelines of the University of Chicago Institutional
Review Board. We report results from 190 students who completed
the survey (�75% response rate) and did not opt out of sharing data
with researchers (six students or parents opted out of sharing their
data). We note that this sample only includes students who did not
opt out of taking the AP exam at the end of the course. Our sample
was 49% female, 70% White, 13% Latino, 10% African American,
6% Asian, 1% Native American, and 1% mixed race.

Our decision to recruit students taking AP Calculus was based
on the rationale that all enrolled students would prepare for and
take the same standardized exam, which would allow us to have
the same reliable outcome measure for all participants. We also
chose students taking AP Calculus because the course is both
selective and rigorous; students who sign up for the course are
therefore likely to be highly motivated and somewhat similar in
math ability. Additionally, since previous research has found that
the negative consequences of math anxiety are weaker for students
with high math motivation (Wang et al., 2015), we reasoned that
the AP class context likely serves as a conservative test of our hy-
pothesis. This is because students who self-select into AP Calculus
and opt in to taking the AP exam are likely to have higher math
motivation than those who choose not to take AP Calculus or who
take the course and opt out of the exam and thus should show a
weaker association between math anxiety and the avoidance of
effortful study behavior than students not taking AP Calculus.
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Thus, any trends of avoidance behavior found for students taking
AP Calculus and who opt to take the AP exam should hold for stu-
dents within a standard, nonoptional math course.

Measures

Math Anxiety

Math anxiety was measured using the shortened Math Anxiety
Rating Scale (Alexander & Martray, 1989), which is a shortened
version of the 98-item Math Anxiety Rating Scale (Richardson &
Suinn, 1972). Students responded to 25 questions about how anx-
ious they would feel in different math-related situations (e.g.,
“signing up for a math course,” “studying for a math test”) on a 5-
point Likert scale ranging from 1 (not at all) to 5 (very much). All
analyses were conducted on the average of the 25 items for each
student.

Study Strategies

Students were asked about how they planned to study for the
AP Calculus AB exam using questionnaire items modeled after
those used in other study strategy and avoidance behavior ques-
tionnaires (Midgley et al., 2000; Pintrich et al., 1991). Our ques-
tionnaire included three measures that were critical to our research
question on effortful study strategy use; these three measures are
described in greater detail below.
Rank Ordering of Study Strategies by Effort. To identify

the study strategies that students viewed as requiring the most
effort, we asked the following question:

When preparing for your AP exam for this class, which study strat-
egies do you think would require the most work? Rank the following
strategies from the one you think would require the most work (1) to
the one you think would require the least amount of work (6).

Students then rank ordered the following set of study strategies:
reading textbook section(s) for the first time, rereading textbook
section(s), reviewing homework solutions, solving practice prob-
lems, reading examples of solved problems, and reviewing notes.
Allocation of Study Time Across Various Strategies. To

measure the quantity of students’ engagement with effortful study
strategies, we asked them to report how they would allocate their
study time across various study strategies with the following
question:

When preparing for your AP exam for this class, what percentage of
your study time would you spend doing the following activities: (a)
reading textbook sections for the first time, (b) rereading textbook sec-
tion(s), (c) reviewing homework solutions, (d) solving practice prob-
lems, (e) reading examples of solved problems, (f) reviewing your
notes?

Students reported their allocations using a sliding bar to indicate
the percentage of study time they planned to allocate to each strat-
egy. Students’ total study time allocation was constrained to equal
100% across the six options.
Prioritization of Difficulty During Strategy Use. To mea-

sure the quality of students’ engagement with effortful study strat-
egies, we asked students to report how they would prioritize
difficulty when solving practice problems with the following

question: “When studying for the AP exam for this class, how
much do you think you would prioritize (or spend time on) solving
easier practice problems in comparison to solving harder practice
problems?” Students reported their answers on a scale from 1 to 7,
with 1 corresponding to prioritizing easier problems and 7 corre-
sponding to prioritizing harder problems. Our decision to view
engagement with problem-solving as a measure of studying qual-
ity is grounded in the “desirable difficulty” literature, which sug-
gests that student engagement with effortful study strategies
reliably enhances learning and performance (Bjork et al., 2013).
While we agree that overly difficult problems would not benefit
students who would be “laboring in vain” (Bae et al., 2020), our
aim for this questionnaire item was to have students reflect on their
use of “easy” and “hard” practice problems in relation to their own
ability (i.e., “easy and hard for me”) rather than more objectively
(i.e., “easy and hard problems based on course/state standards”).

AP Exam Scores

All students in this study took the same standardized AP exam
at the end of the school year to assess their knowledge of calculus.
Scores for AP exams are given on a scale from 1 to 5, with 5 being
the best possible score and scores of 3 and above typically count-
ing as qualification for college credit (College Board, 2019).

PSATMath Scores

Students’ scores on the math portion of the Preliminary SAT
(PSAT) were also collected from school administrative records for
this study as a measure of student prior achievement. The PSAT is
a standardized test administered by the College Board in the
United States and has been shown to predict students’ AP Calculus
exam scores in previous research (r = .507; Ewing et al., 2006).
Scores for the math subsection of the PSAT exam are given on a
scale from 160 to 760.

Procedure

Students completed the questionnaire measures during their cal-
culus class at school. Teachers were trained to administer the ques-
tionnaires during normal class time, 2 weeks before the scheduled
AP Calculus AB exam date.

Results

Descriptive Statistics

Zero-order correlations between all study variables are reported
in Table S1 in the online supplemental materials. We followed up
on significant correlations that were pertinent to our research ques-
tions by fitting linear mixed-effects models to our data. These
models included random effects to account for the hierarchical
structure of our data, where students were nested within classes
that were nested within teachers. We report the results of those
analyses in the remainder of this section.

Math anxiety scores ranged from 1 to 5 out of a possible score
of 5 (M = 2.3, SD = .7). Student math PSAT scores ranged from
420 to 760 (M = 610.22, SD = 71.11). AP Calculus exam scores
ranged from 1 to 5 (M = 3.0, SD = 1.3). This mean exam score
reflects the national average for the AP Calculus AB exam for the
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year that the study was conducted (M = 2.9, SD = 1.4; College
Board, 2018).

Isolating Effort: Which Study Strategy Did Students
View as Most Effortful?

Given previous research highlighting the utility of effortful
study strategies and recent findings linking math anxiety to the
avoidance of math-related effort, we first assessed which study
strategies students perceived as most effortful by asking them to
rank a set of study strategies on the amount of effort they require
(with lower numbers indicating strategies that were perceived to
require more work). In ranked order from most to least work, stu-
dents listed solving practice problems as most effortful (M = 1.9,
SD = 1.3), followed by reading textbook section(s) for the first
time (M = 2.9, SD = 1.8), rereading textbook section(s; M = 3.7,
SD = 1.6), reviewing homework solutions (M = 4.0, SD = 1.2),
reading examples of solved problems (M = 4.2, SD = 1.4), and
reviewing notes (M = 4.3, SD = 1.6). Over half of students (57%)
ranked solving practice problems as the most effortful study strat-
egy, and nearly three quarters (73%) ranked solving practice prob-
lems as the most or the second most effortful strategy. We also
explored relations between math anxiety and individual strategy
rankings to determine whether rankings differed across math anxi-
ety. Following up on significant and marginally significant correla-
tions from Table S1 with linear mixed models, we found that math
anxiety was marginally associated with ranking solving practice
problems as more effortful, b = �.15, t = �1.98, SE = .08, p =
.050, and with ranking rereading the textbook as less effortful, b =
.17, t = 2.22, SE = .08, p = .028. Thus, although students generally
viewed solving practice problems as the most effortful strategy,
math-anxious students were marginally more likely to endorse
practice problems as effortful. Additionally, math-anxious students
were more likely to view rereading the textbook as less effortful.
Given the limited variability in the strategy ranked by students as
being most effortful, additional analyses exploring individual dif-
ferences in student perceptions of the most effortful strategy were
not conducted. Further, we note that while 190 students completed
the other two measures in this study (as discussed in later sec-
tions), only 175 students completed this measure of ranking study
strategy effort.
Overall, these findings identify solving practice problems as the

study strategy students perceive to be the most effortful. Thus,
given our original hypothesis that math anxiety would be associ-
ated with the avoidance of effortful study strategies, we can pre-
dict more specifically that math anxiety will be negatively
associated with the quantity and quality of students’ engagement
with solving practice problems during study. We explore this idea
in the remaining sections.

Assessing Quantity: Does Math Anxiety Relate to Study
Time Allocation Across Strategies?

To measure the association between math anxiety and students’
engagement with effortful study strategies, we asked students to
report how they would allocate their study time across six study
strategies (see “Method”). On average, students planned to spend
39% (SD = 21.7) of their time solving practice problems, 21%
(SD = 18.1) of their time reviewing notes, 15% (SD = 12.9) of their

time reviewing homework solutions, 15% (SD = 13.2) of their time
reading examples of solved problems, 6% (SD = 11.4) of their
time rereading textbook section(s), and 5% (SD = 10.7) of their
time reading textbook section(s) for the first time. To determine
whether math anxiety predicted students’ study time allocation, we
then fit multiple linear mixed-effects models to our data that
accounted for the hierarchical structure of our data. Here, as an
extra robustness check to rule out the potential confound of math
ability, we included students’ PSAT math scores as a covariate. We
note that the results of these analyses (and those below that also
include this covariate) are similar when not including this covariate
in the analysis. We found that math anxiety was negatively related
to the proportion of total study time students planned to devote to
solving practice problems, b = �.23, t = �3.23, SE = .07, p ,

.001.1 Math anxiety also was positively related to the proportion of
total study time students planned to devote to reading the textbook
for the first time, b = .21, t = 2.81, SE = .08, p , .005, and margin-
ally positively related to the proportion of total study time students
planned to devote to reviewing homework solutions, b = .14, t =
1.98, SE = .08, p = .05. Students with greater math anxiety therefore
reported allocating less of their study time to solving practice prob-
lems and more of their study time to reading the textbook for the
first time and reviewing homework solutions compared to their less
anxious peers. Figure 1 depicts how more- and less-math-anxious
students planned to allocate their study time, with math anxiety di-
vided by a median split (median split was used here solely for illus-
trative purposes; all analyses were conducted using the full
continuous measure of math anxiety). These results support our hy-
pothesis that math-anxious students avoid engaging with effortful
study strategies, specifically solving practice problems, when pre-
paring for a math exam.

Assessing Quality: Does Math Anxiety Relate to the
Prioritization of Difficulty During Studying?

To measure the association between math anxiety and the qual-
ity of students’ engagement with effortful study strategies, we
asked students to report how they would prioritize difficulty when
solving practice problems on a scale from 1 to 7, with 1 corre-
sponding to prioritizing easier problems and 7 corresponding to
prioritizing harder problems. After fitting a linear mixed-effects
model to our data that again controlled for students’ math PSAT
scores and accounted for the hierarchical structure of our data, we
found that math-anxious students were less likely to prioritize
harder practice problems compared to their less anxious peers, b =
�.22, t = �2.99, SE = .07, p = .003.2 These results support our hy-
pothesis that math-anxious students avoid engaging with effortful
study strategies by deprioritizing difficult problem-solving when
studying.

1 PSAT score was not a significant predictor of the proportion of total
study time students planned to devote to solving practice problems in this
model, b = .11, t = 1.50, SE = .07, p = .13.

2 PSAT score was not a significant predictor of difficulty prioritization
in this model, b =�.06, t =�0.87, SE = .07, p = .38.
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Mediation: The Indirect Association BetweenMath
Anxiety and Math Performance Through Problem
Solving Quantity and Quality

To test whether effortful study strategy engagement mediates
the relation between math anxiety and math performance, we
conducted both individual and multiple mediator analyses using
practice problem quantity and practice problem quality as our
mediator variables. We report zero-order correlations as well as
the results of our multiple mediator analysis here, but note that a
significant indirect effect was found in the individual mediator
analyses for problem-solving quantity and quality (more details
on the individual mediator analyses are included in the online
supplemental materials). Results with all standardized regression
coefficients for the multiple mediator analysis are presented in
Figure 2.
Math-anxious students received lower AP exam scores than

their less anxious peers, r(188) = �.27, p , .001, 95% CI [�.40,
�.14]. Students who planned to allocate a higher proportion of
their study time to solving practice problems (problem solving
quantity) also had higher exam scores, r(188) = .35, p , .001,
95% CI [.22, .47], and prioritized solving more difficult practice
problems (problem quality), r(188) = .22, p = .002, 95% CI [.08,
.35]. Practice problem quantity and quality were also positively
correlated with one another, r(188) = .21, p = .003, 95% CI [.07,
.35].
We used procedures delineated by Preacher and Hayes (2008)

to assess the indirect effects of math anxiety on exam performance
through problem-solving quantity and quality together. Simple lin-
ear regressions were used in the mediation, and PSAT score was
included in all pathways as a covariate. Standardized indirect

effects were computed for each of 5,000 bootstrapped samples.
The bootstrapped standardized indirect effect in this multiple me-
diator model was �.09, 95% CI [�.15, �.03]. These findings are
consistent with our hypothesis that engagement with effortful
study strategies mediates the association between math anxiety
and exam performance. When examining each mediator individu-
ally within this dual mediator model, we found a significant indi-
rect effect of math anxiety on exam performance through practice
problem quantity, b = �.06, 95% CI [�.11, �.01], but not practice
problem quality, b = �.03, 95% CI [�.07, .01]. Finally, there was
a diminished but still statistically significant direct effect of math
anxiety on exam score with these two mediators in the model, b =
�.19, 95% CI [�.33, �.05], suggesting that avoidance of effortful
engagement during studying accounted for part but not all of the
association between math anxiety and exam performance. Consist-
ent with this idea, using the coefficients from this statistical model,
we can estimate that if solving math problems is just as effective
for students regardless of math anxiety, the achievement gap
between more- and less-math-anxious students could potentially
decrease by 31% (i.e., the proportion mediated from our model) if
students with greater math anxiety engaged with practice problems
as much as their less anxious peers. However, future research will
need to assess whether these assumptions hold with real-world
intervention studies, which we cover in more detail in the next
section.

Discussion

Previous studies have investigated the math avoidance hypothe-
sis by examining student course enrollment and college major
selection, finding that math-anxious students avoid elective math
courses and math-heavy college majors (Ashcraft & Kirk, 2001;

Figure 1
Proportion of Time Less- and More-Math-Anxious Students Planned to Allocate to Various Study
Strategies

Note. For illustrative purposes, math anxiety was divided into low and high levels using a median split (all
analyses use the continuous measure of math anxiety).
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Hembree, 1990; LeFevre et al., 1992). Here, we expand this line
of research by testing whether and how the tendency to avoid
math manifests for students in situations where math cannot be
completely avoided, such as within a mathematics course. We
were particularly interested in whether math-anxious students
would make different choices when deciding how to study for a
mathematics exam.
The results from our study show that even when math-anxious

students are enrolled in a challenging math course, they still avoid
effortful math by planning to allocate smaller proportions of their
study time to effortful strategies like problem-solving and larger
proportions to less-effortful study strategies like reading the text-
book and reviewing homework solutions. Math-anxious students
also planned to prioritize solving problems perceived to be easier
over those perceived to be harder during exam preparation. Addi-
tionally, our mediation analysis suggests that this pattern of effort-
ful math avoidance during exam preparation contributed to the
poor exam performance of math-anxious students.
Interestingly, our study also found that math anxiety was related

to how effortful students perceived particular study strategies to
be, with greater anxiety being associated with ranking solving
practice problems as more effortful and with ranking rereading the
textbook as less effortful. These findings seem to suggest that
math-anxious students’ avoidance of effortful study strategies may
be caused by biased perceptions of the amount of effort required
for certain study behaviors. These findings connect to neuroimag-
ing work on clinical forms of anxiety, which theorizes that anxiety
is linked to cognitive biases that may influence choice behavior
(Hartley & Phelps, 2012), highlighting this topic as a critical direc-
tion for future research.
Despite its robust findings, the current study is potentially lim-

ited by its prospective nature: Students were asked to report how
they “planned” to study for their AP Calculus exam, which may
vary from how they actually studied. Additionally, recent research

has found that students emphasize different study strategies across
multiple study sessions, suggesting that the most accurate esti-
mates of study should be based on an aggregate of multiple ses-
sions (Janes et al., 2018). However, research also suggests that
students are relatively accurate when estimating their use of inef-
fective but easy-to-use study strategies such as rereading text notes
but overestimate their use of more effective (and potentially more
effortful) strategies such as practice testing (Blasiman et al.,
2017). These findings suggest that students’ actual use of effortful
problem-solving as a study strategy may be even lower than
reported, strengthening the importance of our findings. Further-
more, our finding that planned practice problem-solving signifi-
cantly predicts exam performance, net of prior ability controls,
serves as additional evidence of the validity and importance of this
measure. Future research should therefore consider educational
interventions that can help increase math-anxious students’ use of
effortful and effective study strategies such as problem-solving to
help improve their math outcomes.

To the best of our knowledge, our research is the first to identify
and characterize the effort-based decision-making behavior of
math-anxious students with respect to how they studied for their
exams in the real-world setting of a math course. Previous research
investigating local math avoidance behaviors has focused primar-
ily on the relation between math anxiety and avoidance in the
form of math disengagement/attentional deficits (Ashcraft &
Faust, 1994; Geary et al., 2021; Pizzie & Kraemer, 2017). Our
study extends these findings by focusing on how math anxiety
relates to decision-making during active math engagement, with
students making choices on how to allocate their study time. We
believe that our study makes a significant contribution to the litera-
ture by highlighting how math anxiety can impact effort-based de-
cision-making when the option to completely disengage with math
(via global or attentional avoidance) is not available. Our findings
show that when students are given math engagement options,

Figure 2
Mediation Model Showing Association Between Math Anxiety, Practice Problem
Quantity, Practice Problem Quality, and Exam Performance

Note. Pathway coefficients are standardized beta weights to allow for a consistent metric
for comparisons across variables. PSAT score was included in all pathways as a covariate.
(Mediation analyses used simple linear regression and not mixed models reported in the
“Results” section. Individual mediation models can be found in the online supplemental
materials.)
** p , .01. *** p , .001.
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higher levels of math anxiety are associated with choosing less
effortful engagement options, and that this effort-based avoidance
has consequences for student performance.
Additionally, our study provides a new lens through which to

explore the math anxiety-performance relationship: by investigat-
ing students’ choices about their study behaviors. Previous
research suggests that students are not always the best at regulat-
ing their own use of study strategies and may therefore benefit
from metacognitive and self-regulation interventions that encour-
age them to strategically engage with beneficial study strategies
(Chen et al., 2017, 2020; Culler & Holahan, 1980; Karpicke et al.,
2009; Passolunghi et al., 2020; Supekar et al., 2015; Zepeda et al.,
2015). It may also be useful to consider pairing performance anxi-
ety interventions with interventions that encourage adaptive study
behaviors to help math-anxious students cope with their anxiety
about effortful study strategies (Jamieson et al., 2016; Rozek et
al., 2019; Zepeda et al., 2020). Thus, future research should
explore ways to structure supports for math-anxious students to
encourage their engagement with the “desirably difficult” study
strategies that they may otherwise avoid.

Context

With rising demands for science, technology, engineering, and
mathematics professionals worldwide, a great focus has been put
on student achievement in mathematics. Critical to student success
in math is the ability to prepare for and perform on mathematics
examinations. Our research findings suggest that students who ex-
perience math anxiety (i.e., feelings of fear toward math) prepare
for math exams in suboptimal ways by choosing to avoid effortful
study strategies during exam preparation. This effort-avoidance
behavior is theorized to prevent students from practicing math in
ways that are critical for their success, ultimately contributing to
their underperformance in math courses. To the best of our knowl-
edge, our research is the first to identify and characterize the
effort-based decision-making behavior of math-anxious students
in the real-world setting of a math course. Insights from our
research can be used to develop educational interventions that reg-
ulate the study behaviors of students who experience math anxiety
in an attempt to increase their performance in mathematics.

References

Alexander, L., & Martray, C. (1989). The development of an abbreviated
version of the Mathematics Anxiety Rating Scale. Measurement and
Evaluation in Counseling and Development, 22(3), 143–150. https://doi
.org/10.1080/07481756.1989.12022923

Ashcraft, M. H., & Faust, M. W. (1994). Mathematics anxiety and mental
arithmetic performance: An exploratory investigation. Cognition and
Emotion, 8(2), 97–125. https://doi.org/10.1080/02699939408408931

Ashcraft, M. H., & Kirk, E. P. (2001). The relationships among working
memory, math anxiety, and performance. Journal of Experimental Psy-
chology: General, 130(2), 224–237. https://doi.org/10.1037/0096-3445
.130.2.224

Bae, J., Hong, S. S., & Son, L. K. (2020). Prior failures, laboring in vain,
and knowing when to give up: Incremental versus entity theories. Meta-
cognition and Learning, 16(2), 275–296. https://doi.org/10.1007/s11409
-020-09253-5

Barroso, C., Ganley, C. M., McGraw, A. L., Geer, E. A., Hart, S. A., &
Daucourt, M. C. (2021). A meta-analysis of the relation between

math anxiety and math achievement. Psychological Bulletin, 147(2),
134–168. https://doi.org/10.1037/bul0000307

Beilock, S. L., Schaeffer, M. W., & Rozek, C. S. (2017). Understanding
and addressing performance anxiety. In A. J. Elliot, C. S. Dweck, &
D. S. Yeager (Eds.), Handbook of competence and motivation: Theory
and application (2nd ed., pp. 155–174). Guilford Press.

Bjork, R. A., Dunlosky, J., & Kornell, N. (2013). Self-regulated learning:
Beliefs, techniques, and illusions. Annual Review of Psychology, 64,
417–444. https://doi.org/10.1146/annurev-psych-113011-143823

Blasiman, R. N., Dunlosky, J., & Rawson, K. A. (2017). The what, how
much, and when of study strategies: Comparing intended versus actual
study behaviour. Memory, 25(6), 784–792. https://doi.org/10.1080/
09658211.2016.1221974

Carey, E., Hill, F., Devine, A., & Szücs, D. (2015). The chicken or the
egg? The direction of the relationship between mathematics anxiety and
mathematics performance. Frontiers in Psychology, 6, Article 1987.
https://doi.org/10.3389/fpsyg.2015.01987

Carpenter, S. K., Endres, T., & Hui, L. (2020). Students’ use of retrieval in
self-regulated learning: Implications for monitoring and regulating
effortful learning experiences. Educational Psychology Review, 32(4),
1029–1054. https://doi.org/10.1007/s10648-020-09562-w

Chen, P., Chavez, O., Ong, D. C., & Gunderson, B. (2017). Strategic
resource use for learning: A self-administered intervention that guides
self-reflection on effective resource use enhances academic perform-
ance. Psychological Science, 28(6), 774–785. https://doi.org/10.1177/
0956797617696456

Chen, P., Powers, J. T., Katragadda, K. R., Cohen, G. L., & Dweck, C. S.
(2020). A strategic mindset: An orientation toward strategic behavior
during goal pursuit. Proceedings of the National Academy of Sciences of
the United States of America, 117(25), 14066–14072. https://doi.org/10
.1073/pnas.2002529117

Choe, K. W., Jenifer, J. B., Rozek, C. S., Berman, M. G., & Beilock,
S. L. (2019). Calculated avoidance: Math anxiety predicts math avoid-
ance in effort-based decision-making. Science Advances, 5(11), Article
eaay1062. https://doi.org/10.1126/sciadv.aay1062

College Board. (2018). Student score distributions. https://secure-
media.collegeboard.org/digitalServices/pdf/research/2018/Student-Score-
Distributions-2018.pdf

College Board. (2019). AP exam scores. https://aphighered.collegeboard
.org/courses-exams/scoring

Culler, R. E., & Holahan, C. J. (1980). Test anxiety and academic perform-
ance: The effects of study-related behaviors. Journal of Educational
Psychology, 72(1), 16–20. https://doi.org/10.1037/0022-0663.72.1.16

DiFrancesca, D., Nietfeld, J. L., & Cao, L. (2016). A comparison of high
and low achieving students on self-regulated learning variables. Learn-
ing and Individual Differences, 45, 228–236. https://doi.org/10.1016/j
.lindif.2015.11.010

Dunlosky, J., Rawson, K. A., Marsh, E. J., Nathan, M. J., & Willingham,
D. T. (2013). Improving students’ learning with effective learning tech-
niques: Promising directions from cognitive and educational psychol-
ogy. Psychological Science in the Public Interest, 14(1), 4–58. https://
doi.org/10.1177/1529100612453266

Ewing, M., Camara, W. J., & Millsap, R. E. (2006). The Relationship
Between PSAT/NMSQT® Scores and AP® Examination grades: A fol-
low-up Study (Research Report No. 2006-1). College Board.

Foley, A. E., Herts, J. B., Borgonovi, F., Guerriero, S., Levine, S. C., &
Beilock, S. L. (2017). The math anxiety-performance link: A global phe-
nomenon. Current Directions in Psychological Science, 26(1), 52–58.
https://doi.org/10.1177/0963721416672463

Geary, D. C., Hoard, M. K., Nugent, L., & Scofield, J. E. (2021). In-class
attention, spatial ability, and mathematics anxiety predict across-grade
gains in adolescents’ mathematics achievement. Journal of Educational
Psychology, 113(4), 754–769. https://doi.org/10.1037/edu0000487

EFFORT(LESS) EXAM PREPARATION 7

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.

https://doi.org/10.1080/07481756.1989.12022923
https://doi.org/10.1080/07481756.1989.12022923
https://doi.org/10.1080/02699939408408931
https://doi.org/10.1037/0096-3445.130.2.224
https://doi.org/10.1037/0096-3445.130.2.224
https://doi.org/10.1007/s11409-020-09253-5
https://doi.org/10.1007/s11409-020-09253-5
https://doi.org/10.1037/bul0000307
https://doi.org/10.1146/annurev-psych-113011-143823
https://doi.org/10.1080/09658211.2016.1221974
https://doi.org/10.1080/09658211.2016.1221974
https://doi.org/10.3389/fpsyg.2015.01987
https://doi.org/10.1007/s10648-020-09562-w
https://doi.org/10.1177/0956797617696456
https://doi.org/10.1177/0956797617696456
https://doi.org/10.1073/pnas.2002529117
https://doi.org/10.1073/pnas.2002529117
https://doi.org/10.1126/sciadv.aay1062
https://secure-media.collegeboard.org/digitalServices/pdf/research/2018/Student-Score-Distributions-2018.pdf
https://secure-media.collegeboard.org/digitalServices/pdf/research/2018/Student-Score-Distributions-2018.pdf
https://secure-media.collegeboard.org/digitalServices/pdf/research/2018/Student-Score-Distributions-2018.pdf
https://aphighered.collegeboard.org/courses-exams/scoring
https://aphighered.collegeboard.org/courses-exams/scoring
https://doi.org/10.1037/0022-0663.72.1.16
https://doi.org/10.1016/j.lindif.2015.11.010
https://doi.org/10.1016/j.lindif.2015.11.010
https://doi.org/10.1177/1529100612453266
https://doi.org/10.1177/1529100612453266
https://doi.org/10.1177/0963721416672463
https://doi.org/10.1037/edu0000487


Hartley, C. A., & Phelps, E. A. (2012). Anxiety and decision-making. Bio-
logical Psychiatry, 72(2), 113–118. https://doi.org/10.1016/j.biopsych
.2011.12.027

Hembree, R. (1990). The nature, effects, and relief of mathematics anxiety.
Journal for Research in Mathematics Education, 21(1), 33–46. https://
doi.org/10.2307/749455

Jamieson, J. P., Peters, B. J., Greenwood, E. J., & Altose, A. J. (2016).
Reappraising stress arousal improves performance and reduces evaluation
anxiety in classroom exam situations. Social Psychological and Personal-
ity Science, 7(6), 579–587. https://doi.org/10.1177/1948550616644656

Janes, J. L., Dunlosky, J., & Rawson, K. A. (2018). How do students use
self-testing across multiple study sessions when preparing for a high-
stakes exam? Journal of Applied Research in Memory & Cognition,
7(2), 230–240. https://doi.org/10.1016/j.jarmac.2017.11.003

Karpicke, J. D., Butler, A. C., & Roediger, H. L., III. (2009). Metacogni-
tive strategies in student learning: Do students practise retrieval when
they study on their own? Memory, 17(4), 471–479. https://doi.org/10
.1080/09658210802647009

LeFevre, J. A., Kulak, A. G., & Heymans, S. L. (1992). Factors influencing
the selection of university majors varying in mathematical content. Ca-
nadian Journal of Behavioural Science/Revue canadienne des sciences
du comportement, 24(3), 276–289. https://doi.org/10.1037/h0078742

Lyons, I. M., & Beilock, S. L. (2012). When math hurts: Math anxiety pre-
dicts pain network activation in anticipation of doing math. PLoS ONE,
7(10), Article e48076. https://doi.org/10.1371/journal.pone.0048076

Maloney, E. A., & Retanal, F. (2020). Higher math anxious people have a
lower need for cognition and are less reflective in their thinking. Acta
Psychologica, 202, Article 102939. https://doi.org/10.1016/j.actpsy
.2019.102939

Midgley, C., Maehr, M. L., Hruda, L. Z., Anderman, E., Anderman, L.,
Freeman, K. E., & Urdan, T. (2000).Manual for the patterns of adaptive
learning scales. University of Michigan.

Morsanyi, K., Busdraghi, C., & Primi, C. (2014). Mathematical anxiety is
linked to reduced cognitive reflection: A potential road from discomfort
in the mathematics classroom to susceptibility to biases. Behavioral and
Brain Functions, 10(1), Article 31. https://doi.org/10.1186/1744-9081
-10-31

Organization for Economic Cooperation and Development. (2013a).
OECD skills outlook 2013: First results from the survey of adult skills.
https://doi.org/10.1787/e11c1c2d-en

Organization for Economic Cooperation and Development. (2013b). PISA
2012 results: Ready to learn: Students’ engagement, drive and self-
beliefs (Vol. III). https://doi.org/10.1787/9789264201170-en

Passolunghi, M. C., De Vita, C., & Pellizzoni, S. (2020). Math anxiety and
math achievement: The effects of emotional and math strategy training.
Developmental Science, 23(6), Article e12964. https://doi.org/10.1111/
desc.12964

Pintrich, P. R., & De Groot, E. V. (1990). Motivational and self-regulated
learning components of classroom academic performance. Journal of
Educational Psychology, 82(1), 33–40. https://doi.org/10.1037/0022
-0663.82.1.33

Pintrich, P. R., Smith, D. A. F., García, T., & McKeachie, W. J. (1991). A
manual for the use of the Motivated Strategies for Learning Question-
naire. University of Michigan, National Center for Research to Improve
Postsecondary Teaching and Learning.

Pizzie, R. G., & Kraemer, D. J. M. (2017). Avoiding math on a rapid time-
scale: Emotional responsivity and anxious attention in math anxiety.

Brain and Cognition, 118, 100–107. https://doi.org/10.1016/j.bandc
.2017.08.004

Preacher, K. J., & Hayes, A. F. (2008). Asymptotic and resampling strat-
egies for assessing and comparing indirect effects in multiple mediator
models. Behavior Research Methods, 40(3), 879–891. https://doi.org/10
.3758/BRM.40.3.879

Proctor, B. E., Prevatt, F. F., Adams, K. S., Reaser, A., & Petscher, Y.
(2006). Study skills profiles of normal-achieving and academically-
struggling college students. Journal of College Student Development,
47(1), 37–51. https://doi.org/10.1353/csd.2006.0011

Ramirez, G., Chang, H., Maloney, E. A., Levine, S. C., & Beilock, S. L.
(2016). On the relationship between math anxiety and math achievement
in early elementary school: The role of problem solving strategies. Jour-
nal of Experimental Child Psychology, 141, 83–100. https://doi.org/10
.1016/j.jecp.2015.07.014

Ramirez, G., Shaw, S. T., & Maloney, E. A. (2018). Math anxiety: Past
research, promising interventions, and a new interpretation framework.
Educational Psychologist, 53(3), 145–164. https://doi.org/10.1080/
00461520.2018.1447384

Richardson, F. C., & Suinn, R. M. (1972). The mathematics anxiety rating
scale: Psychometric data. Journal of Counseling Psychology, 19(6),
551–554. https://doi.org/10.1037/h0033456

Rozek, C. S., Ramirez, G., Fine, R. D., & Beilock, S. L. (2019). Reducing
socioeconomic disparities in the STEM pipeline through student emo-
tion regulation. Proceedings of the National Academy of Sciences of the
United States of America, 116(5), 1553–1558. https://doi.org/10.1073/
pnas.1808589116

Supekar, K., Iuculano, T., Chen, L., & Menon, V. (2015). Remediation of
childhood math anxiety and associated neural circuits through cognitive
tutoring. The Journal of Neuroscience, 35(36), 12574–12583. https://doi
.org/10.1523/JNEUROSCI.0786-15.2015

Wang, Z., Lukowski, S. L., Hart, S. A., Lyons, I. M., Thompson, L. A.,
Kovas, Y., Mazzocco, M. M. M., Plomin, R., & Petrill, S. A. (2015). Is
math anxiety always bad for math learning? The role of math motiva-
tion. Psychological Science, 26, 1863–1876. https://doi.org/10.1177/
0956797615602471

Watt, H. M. G., Hyde, J. S., Petersen, J., Morris, Z. A., Rozek, C. S., &
Harackiewicz, J. M. (2017). Mathematics—A critical filter for STEM-
related career choices? A longitudinal examination among Australian
and U.S. adolescents. Sex Roles, 77(3-4), 254–271. https://doi.org/10
.1007/s11199-016-0711-1

Yip, M. C. W. (2007). Differences in learning and study strategies
between high and low achieving university students: A Hong Kong
study. Educational Psychology, 27(5), 597–606. https://doi.org/10
.1080/01443410701309126

Zepeda, C. D., Martin, R. S., & Butler, A. C. (2020). Motivational strat-
egies to engage learners in desirable difficulties. Journal of Applied
Research in Memory & Cognition, 9(4), 468–474. https://doi.org/10
.1016/j.jarmac.2020.08.007

Zepeda, C. D., Richey, J. E., Ronevich, P., & Nokes-Malach, T. J. (2015).
Direct instruction of metacognition benefits adolescent science learning,
transfer, and motivation: An in-vivo study. Journal of Educational Psy-
chology, 107(4), 954–970. https://doi.org/10.1037/edu0000022

Received December 16, 2020
Revision received November 23, 2021

Accepted January 28, 2022 n

8 JENIFER, ROZEK, LEVINE, AND BEILOCK

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.

https://doi.org/10.1016/j.biopsych.2011.12.027
https://doi.org/10.1016/j.biopsych.2011.12.027
https://doi.org/10.2307/749455
https://doi.org/10.2307/749455
https://doi.org/10.1177/1948550616644656
https://doi.org/10.1016/j.jarmac.2017.11.003
https://doi.org/10.1080/09658210802647009
https://doi.org/10.1080/09658210802647009
https://doi.org/10.1037/h0078742
https://doi.org/10.1371/journal.pone.0048076
https://doi.org/10.1016/j.actpsy.2019.102939
https://doi.org/10.1016/j.actpsy.2019.102939
https://doi.org/10.1186/1744-9081-10-31
https://doi.org/10.1186/1744-9081-10-31
https://doi.org/10.1787/e11c1c2d-en
https://doi.org/10.1787/9789264201170-en
https://doi.org/10.1111/desc.12964
https://doi.org/10.1111/desc.12964
https://doi.org/10.1037/0022-0663.82.1.33
https://doi.org/10.1037/0022-0663.82.1.33
https://doi.org/10.1016/j.bandc.2017.08.004
https://doi.org/10.1016/j.bandc.2017.08.004
https://doi.org/10.3758/BRM.40.3.879
https://doi.org/10.3758/BRM.40.3.879
https://doi.org/10.1353/csd.2006.0011
https://doi.org/10.1016/j.jecp.2015.07.014
https://doi.org/10.1016/j.jecp.2015.07.014
https://doi.org/10.1080/00461520.2018.1447384
https://doi.org/10.1080/00461520.2018.1447384
https://doi.org/10.1037/h0033456
https://doi.org/10.1073/pnas.1808589116
https://doi.org/10.1073/pnas.1808589116
https://doi.org/10.1523/JNEUROSCI.0786-15.2015
https://doi.org/10.1523/JNEUROSCI.0786-15.2015
https://doi.org/10.1177/0956797615602471
https://doi.org/10.1177/0956797615602471
https://doi.org/10.1007/s11199-016-0711-1
https://doi.org/10.1007/s11199-016-0711-1
https://doi.org/10.1080/01443410701309126
https://doi.org/10.1080/01443410701309126
https://doi.org/10.1016/j.jarmac.2020.08.007
https://doi.org/10.1016/j.jarmac.2020.08.007
https://doi.org/10.1037/edu0000022

	Effort(Less) Exam Preparation: Math Anxiety Predicts the Avoidance of Effortful Study Strategies
	Method
	Participants
	Measures
	Math Anxiety
	Study Strategies
	AP Exam Scores
	PSAT Math Scores

	Procedure

	Results
	Descriptive Statistics
	Isolating Effort: Which Study Strategy Did Students View as Most Effortful?
	Assessing Quantity: Does Math Anxiety Relate to Study Time Allocation Across Strategies?
	Assessing Quality: Does Math Anxiety Relate to the Prioritization of Difficulty During Studying?
	Mediation: The Indirect Association Between Math Anxiety and Math Performance Through Problem Solving Quantity and Quality

	Discussion
	Context
	References


