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Abstract
Multiple studies have shown that performance on behavioral decision-making tasks, such as the Iowa Gambling Task (IGT)
and Balloon Analogue Risk Task (BART), is influenced by external factors, such as mood. However, the research regarding
the influence of worry is mixed, and no research has examined the effect of math or test anxiety on these tasks. The
present study investigated the effects of anxiety (including math anxiety) and math performance on the IGT and BART in a
sample of 137 undergraduate students. Math performance and worry were not correlated with performance on the IGT,
and no variables were correlated with BART performance. Linear regressions indicated math anxiety, physiological anxiety,
social concerns/stress, and test anxiety significantly predicted disadvantageous selections on the IGT during the transition
from decision making under ambiguity to decision making under risk. Implications for clinical evaluation of decision making
are discussed.
Keywords
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Decision making, at its most basic level, involves a choice
between two or more options. In the clinical realm, decision
making has often been assessed with behavioral decisionmaking tasks such as the Iowa Gambling Task (IGT;
Bechara, Damasio, Damasio, & Anderson, 1994). Although
these tasks have been shown to differentiate between patient
populations and healthy controls (see Buelow & Suhr, 2009,
for review), questions remain regarding other factors, such
as personality characteristics and subclinical levels of anxiety, that can influence performance on this task. The present
study sought to examine the potential influence of different
types of anxiety and math performance on behavioral decision-making task performance.

The Iowa Gambling Task and Balloon Analogue
Risk Task
The IGT (Bechara et al., 1994) has been adapted for use in
both clinical and research settings. Although originally
designed to examine real-world decision-making deficits
among individuals with ventromedial prefrontal cortex
damage, its use has been expanded to various clinical
applications (see Buelow & Suhr, 2009, for review).
Participants are told to maximize profit by making selections from one of the four decks of cards over the course of
100 trials (Bechara et al., 1994). Decks A and B are

“disadvantageous” and Decks C and D “advantageous”
due to their long-term outcomes. Continued selections
from Decks A and B are deemed risky decision making
(Bechara, 2008; Bechara et al., 1994).
On the Balloon Analogue Risk Task (BART; Lejuez
et al., 2002), a second common behavioral decision-making task, participants earn money by pumping up balloons;
however, balloons pop if they are pumped up too much. No
explicit information is given about the probability a balloon will pop on a given trial, but one of the early balloons
pops quickly to show participants that this outcome can
occur (Lejuez et al., 2002). Higher pumps per balloon is
considered risky decision making on this task (Lejuez
et al., 2002).

Anxiety and Decision Making
Anxiety comes in multiple forms, including physiological anxiety, worry, test anxiety, and math anxiety. It has
been theorized anxiety, and worry in particular, impairs
1
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functioning by interfering with attentional resources
(Bishop, Duncan, Brett, & Lawrence, 2004; Eysenck,
Derakshan, Santos, & Calvo, 2007). Individuals may
ruminate on select pieces of information, losing sight of
the overall context of a decision. Yet other researchers
put forth that anxiety can increase vigilance to signs of
danger (Mathews & MacLeod, 1986), leading to riskaverse decisions (Hartley & Phelps, 2012; Paulus,
Rogalsky, Simmons, Feinstein, & Stein, 2003).
Subclinical levels of anxiety may be more adaptive
(Borkovec & Roemer, 1995), but greater anxiety could
lead to impaired decision making and other cognitive
abilities (Wittchen, Carter, Pfister, Montgomery, &
Kessler, 2000; Worthy, Byrne, & Fields, 2014). Although
the precise mechanism remains unclear, anxiety likely
exerts an influence on the decision-making process.
To date, research regarding the influence of anxiety on
decision-making task performance—the IGT, BART, and
other tasks—has been mixed. Previous research with the IGT
has shown anxious individuals select more advantageously
(Mueller, Nguyen, Ray, & Borkovec, 2010; Werner, Duschek,
& Schandry, 2009), more disadvantageously (de Visser et al.,
2010; Miu, Heilman, & Houser, 2008; Pajkossy, Dezso, &
Paprika, 2009), or select no differently than those without
anxiety (Castro e Couto et al., 2012; Drost, Spinhoven,
Kruijt, & van der Does, 2014; Kirsch & Windmann, 2009).
These data were mixed regardless of the particular subtype of
anxiety: subclinical worry (Drost et al., 2014; Kirsch &
Windmann, 2009; Pajkossy et al., 2009), Generalized Anxiety
Disorder (Castro e Couto et al., 2012; Mueller et al., 2010), or
trait anxiety (de Visser et al., 2010; Miu et al., 2008; Werner
et al., 2009). Only one study has examined the influence of
anxiety on the BART, indicating participants were more risk
averse (i.e., fewer pumps per balloon) as a function of social
and trait anxiety as well as worry (Maner et al., 2007). Taken
together, the impact of several types of anxiety is inconsistent
at best across different behavioral decision-making tasks, and
additional information is needed to determine the relationship between worry, one type of anxiety that has been previously studied, and decision making. The ruminative
components of worry could act as a cognitive distractor, utilizing vital working memory and other cognitive resources
needed to make an advantageous decision. In addition, examination of other subtypes of anxiety could help tease apart the
relationship between anxiety and behavioral decision-making task performance.

Test Anxiety, Math Anxiety, and Decision
Making
Test anxiety, of which math anxiety is a specific form, may
affect the decision-making process. Test anxiety occurs in
general testing or evaluative situations (Hembree, 1988),
with high levels negatively affecting performance across a
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variety of tasks including neuropsychological tests (Chapell
et al., 2005; Musch & Broder, 1999; Ng & Lee, 2015;
Sarason, 1984; Seipp, 1991; Thames et al., 2015). Test anxiety can also negatively affect decision making, in that individuals with test anxiety sought out increasing amounts of
redundant information prior to making a decision (NicholsHoppe & Beach, 1990). Although test anxiety has not been
examined with behavioral decision-making tasks to date, it
could be expected to have negative effects similar to those
seen on other tasks.
Math anxiety can be thought of as a type of performancebased anxiety (Hopko, McNeil, Zvolensky, & Eifert, 2001),
with associated increases in physiological arousal and negative, distracting thought processes (Ashcraft & Kirk, 2001;
Levine, 1995; Richardson & Suinn, 1972). Although related
(r = .3-.5), test anxiety and math anxiety are distinct constructs (Devine, Fawcett, Szucs, & Dowker, 2012; Dew &
Galassi, 1983; Hembree, 1990). High levels of math anxiety
can negatively affect performance on math (Ashcraft &
Faust, 1994; Ashcraft & Kirk, 2001; Hembree, 1990;
Hopko, Mahadevan, Bare, & Hunt, 2003; Hopko, McNeil,
Lejuez, et al., 2003; Rydell, Van Loo, & Boucher, 2014) and
nonmath tasks (Buelow & Frakey, 2013; Cassaday &
Johnson, 2002; Hopko, Crittendon, Grant, & Wilson, 2005;
Ikeda, Iwanaga, & Seiwa, 1996; Ma, 1999; Markham &
Darke, 1991; Miller & Bichsel, 2004). Math anxiety can
also affect buying decisions (Jones, Childers, & Jiang,
2012), and decrease cognitive reflection (Morsanyi,
Busdraghi, & Primi, 2014). Math anxiety and low math performance have both been linked with difficulties with risk
perception and increased risky decision making (Brand,
Schiebener, Pertl, & Delazer, 2014; Gigerenzer, Gaissmaier,
Kurz-Milcke, Schwartz, & Woloshin, 2008; Reyna, Nelson,
Han, & Dieckmann, 2009; Rydell et al., 2014). Taken
together, math anxiety has a robust effect on math performance and other cognitive abilities.

The Present Study
To date, no research has investigated the potential influence
of math anxiety, math performance, or test anxiety on the
IGT and BART. Advantageous decision making on the IGT
requires learning and utilization of probabilities associated
with each deck (e.g., learning Deck A results in losses on
50% of trials; Bechara, 2008). To learn these probabilities,
individuals must utilize individual trial feedback. Low math
performance may increase difficulty identifying and utilizing probabilities on subsequent trials. This process could
also be affected as a function of math anxiety or worry, both
of which can disrupt working memory resources (Ashcraft,
2002; Bishop et al., 2004; Eysenck & Calvo, 1992; Eysenck
et al., 2007). Working memory has been linked to performance on the IGT in some studies (see Toplak, Sorge,
Benoit, West, & Stanovich, 2010, for review), and it is likely
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these resources are needed for successful probability learning. Math anxiety decreases cognitive reflection (Morsanyi
et al., 2014), which could also affect the ability to process
win/loss information. Although originally intended to assess
affective decision making, more and more researchers are
finding that learning does occur on the IGT (Dunn, Dalgleish,
& Lawrence, 2006; Guillaume et al., 2009; Maia &
McClelland, 2004; Schiebener, Zamarian, Delazer, & Brand,
2011), and this process could be disrupted by different forms
of anxiety. This same learning does not occur on the BART,
as the probability the balloon will pop on a given trial is
random and unknown to the participant. Thus, anxiety may
affect this task differently than the IGT. Personality characteristics, such as avoidance temperament, influence the presence of math anxiety, and in turn math performance (Liew,
Lench, Kao, Yeh, & Kwok, 2014). It is then possible that
those experiencing anxiety are predisposed to math anxiety,
indicating the need to examine the influence of different
types of anxiety on decision making.
The present study sought to examine the influence of math
performance and different types of anxiety, including worry,
test anxiety, and math anxiety, on performance on the IGT
and BART. Gender was included as a covariate as inconsistent relationships have been shown with math anxiety
(Ashcraft & Faust, 1994; Betz, 1978; Devine et al., 2012;
Hembree, 1990; Ma & Xu, 2004; Tapia, 2004), math performance (Devine et al., 2012; Scafidi & Bui, 2010), test anxiety
(Akanbi, 2013; Putwain & Daly, 2014), and decision making
(van den Bos, Homberg, & de Visser, 2013). Several hypotheses and study aims were addressed. First, it was hypothesized that math anxiety would be significantly related to
performance on behavioral decision-making tasks, specifically due to the need to determine probabilities associated
with decisions on the IGT. Next, we examined the utility of
math anxiety, test anxiety, worry, and math performance to
predict decision making on the IGT and BART. Worry was
examined in an attempt to clarify the inconsistent previous
research, and math performance was examined to extend the
previous research showing math performance affects decision making to common behavioral decision-making tasks.

Method
Participants
Participants were 137 undergraduate students, ages 18 to 32
years (M = 19.07, SD = 1.74), who were enrolled in psychology courses in which course credit was given for participation in research studies. There were 55 males and
participants were primarily Caucasian (78%).

Measures
Iowa Gambling Task. Participants completed the standard
computerized version of the IGT available through PAR,
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Inc. (Bechara, 2008). Individuals started with a loan of
$2,000, and were tasked with maximizing profit over the
course of 100 trials. Participants selected a card from one of
four decks: Decks A and B yielded an average profit of
$100 per selection, whereas Decks C and D yielded an average profit of $50 per selection. But, after 10 selections from
Decks A and B (“disadvantageous” decks), participants
have incurred a net loss of $250. After 10 selections from
Decks C and D (“advantageous” decks), participants have
instead incurred a net gain of $250 (Bechara et al., 1994).
Analyzing performance on the task by total selections
misses important distinctions in how decision-making
changes as the task progresses. During the initial trials, participants do not know much about the relative risks and benefits of each deck, and thus these decisions have been
termed decision making under ambiguity (Brand, Recknor,
Grabenhorst, & Bechara, 2007). The final 60 (Brand et al.,
2007) or 40 (Ko et al., 2010; Noel, Bechara, Dan, Hanak, &
Verbanck, 2007) trials are instead considered decision making under risk, as participants have gained enough experience with the decks to learn their relative risks and benefits.
Continued selections from the disadvantageous decks during these latter trials is considered decision making under
risk. To examine the influence of anxiety and math performance on both decision making under ambiguity and decision making under risk, the present study analyzed
performance by the number of advantageous minus disadvantageous selections by five, 20-card blocks of trials.
Balloon Analogue Risk Task. The BART was created to assess
real-world risk-taking behavior in adolescents and adults
(Lejuez et al., 2002). On this computerized task, participants
saw 30 balloons, one at a time, and were asked to pump up
the balloon to earn money. Each pump earns five cents. The
balloons pop if they are pumped up too much, and any money
earned on that balloon is lost. Participants must stop pumping
before the balloon pops and bank the money, as any money
banked cannot then be lost on subsequent balloons. The
explosion point for each balloon ranges from 1 to 128 pumps
(Lejuez et al., 2002). Risk taking is rewarded on this task
through increased money earned; however, on each balloon
there reaches a point where each additional pump brings
increasing risk yet diminishing rewards. Risk taking on this
task is then defined as higher numbers of pumps per balloon.
For the present study, the average number of pumps per balloon, adjusted for only the unexploded balloons (as if the balloon popped it is unclear how far the participant was willing
to go on that trial), was used as the dependent variable.
Math Anxiety Rating Scale–Revised. The Math Anxiety Rating Scale–Revised (MARS-R; Plake & Parker, 1982) is a
24-item revision of the original 98-item MARS (Richardson & Suinn, 1972). Participants viewed a series of statements regarding math (e.g., buying a math textbook, being
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told how to interpret probability statements), and responded
on a 5-point Likert-type scale as to how anxious the
described activity makes them feel (0 not at all, 4 very
much). Higher summed scores indicated higher levels of
math anxiety. The MARS-R correlates strongly with the
original MARS (r = .97; Plake & Parker, 1982). Internal
consistency was high in our sample (α = .95).
Adult Manifest Anxiety Scale. The present study utilized the
college student version of the Adult Manifest Anxiety Scale
(AMAS; Reynolds, Richmond, & Lowe, 2003). Participants
responded to 49 items across four subscales: physiological
anxiety, social concerns/stress, test anxiety, and worry/oversensitivity. Although not the primary focus of the present
study, physiological anxiety and social concerns/stress were
included in the analyses to more fully assess the influence of
different types of anxiety on decision making. The fifth subscale (lie) is a validity index, and was not included in the
present investigation. Participants responded with a yes/no
scale, and a total summed score is calculated for each subscale. Higher scores indicated higher levels of worry, physiological anxiety, social concerns/stress, or test anxiety.
Construct validity has been shown through correlations with
other measures of anxiety, and test–retest reliability is moderate to high (Lowe, Peyton, & Reynolds, 2007; Reynolds
et al., 2003). Internal consistency was high in our sample (α
= .83-.84 across subscales).
Wide Range Achievement Test. The math computation subtest
from the Wide Range Achievement Test–IV (WRAT-IV-m)
was utilized to assess basic written math skills (Wilkinson
& Robertson, 2006). Participants completed a series of 40
math problems that ranged from simple arithmetic to division by fractions. Total scores were calculated by summing
the total number of correct answers. Internal consistency
was high across different age groups in the normative sample (α = .83-.95; Wilkinson & Robertson, 2006).

Procedure
The present study was approved by the university’s institutional review board. All participants provided informed
consent and were debriefed at the end of the study.
Participants in the present study were compiled from other
studies assessing predictors of performance on decisionmaking tasks. In these other studies, participants completed
measures of mood and personality characteristics, as well as
behavioral decision-making tasks. All questionnaires were
administered in a random order prior to administration of
the decision-making tasks, which were presented in a counterbalanced order. Participants were included in the present
analyses if they did not report a diagnosis of AttentionDeficit/Hyperactivity Disorder or other psychiatric concern, and completed the IGT, BART, MARS-R, AMAS, and
WRAT-IV-m.
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Table 1. Ranges, Means (M), and Standard Deviations (SD) of
Study Variables.
Variable
MARS-R
AMAS-w
AMAS-p
AMAS-t
AMAS-s
WRAT-IV-m
IGT 1
IGT 2
IGT 3
IGT 4
IGT 5
BART

Range

M (SD)

1 to 96
0 to 12
0 to 8
0 to 15
0 to 7
25 to 52
−20 to 20
−18 to 20
−20 to 20
−20 to 20
−20 to 20
0 to 62.27

37.53 (19.32)
7.48 (3.40)
2.99 (2.46)
8.13 (3.92)
2.60 (1.95)
39.42 (5.50)
−2.75 (6.10)
0.67 (6.62)
0.58 (7.84)
0.38 (8.65)
0.64 (9.03)
26.55 (12.25)

Note. MARS-R = Math Anxiety Rating Scale–Revised; AMAS = Adult
Manifest Anxiety Scale, College version: worry (w), physiological
anxiety (p), test anxiety (t), and social concerns/stress (s) subscale
scores; WRAT-IV-m = Wide Range Achievement Test–IV, math
computation subtest; IGT = Iowa Gambling Task, advantageous minus
disadvantageous selections per 20-card blocks of trials; BART = Balloon
Analogue Risk Task, average number of adjusted pumps per balloon.

Data Analysis
To assess the first study hypothesis, correlations were calculated between the IGT, BART, MARS-R, AMAS subscales, and WRAT-IV-m. To assess the second aim (the
utility of different anxieties and math performance to predict decision making), linear regressions were conducted on
the IGT and BART outcome variables. Only those variables
that were significantly correlated with the outcome variables were included in the regression analyses.

Results
Means and standard deviations for the study variables are
presented in Table 1. Significant correlations were found
between math anxiety, worry, physiological anxiety, social
concerns/stress, and test anxiety (see Table 2). In addition,
math anxiety, gender, physiological anxiety, social concerns/
stress, and test anxiety were correlated with performance on
the IGT but not BART. Higher levels of math anxiety on the
MARS-R were associated with riskier (less advantageous)
performance on Blocks 2 to 5 (Trials 21-100) of the IGT.
Higher levels of test anxiety on the AMAS were associated
with riskier performance on Block 4 (Trials 61-80) of the
IGT only. Higher levels of physiological anxiety were associated with riskier performance on Block 2 (Trials 21-40) of
the IGT only. Higher levels of social concerns/stress were
associated with riskier performance on Block 5 (Trials
81-100) of the IGT only. Males selected more advantageously than females on Blocks 2 to 4 (Trials 21-80) of the
IGT. No relationship was seen between math performance or
any of the anxiety variables and performance on the BART.
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Table 2. Correlation Matrix.
Variable
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

1

2

3

4

5

6

7

Gender
— −.133 −.271*** −.222** −.245** −.138
.184*
MARS-R
—
.302*** .277*** .323***
.240** −.162
AMAS-w
—
.603*** .617***
.512*** .026
AMAS-p
—
.576***
.532*** .040
AMAS-t
—
.416*** −.105
AMAS-s
—
.120
WRAT-IV-m
—
IGT 1
IGT 2
IGT 3
IGT 4
IGT 5
BART

8

9

10

11

12

13

.087
−.130
−.059
−.073
−.031
−.003
.117
—

.242**
−.199*
−.084
−.231**
−.027
.026
.054
.244**
—

.186*
−.225**
−.033
−.093
−.100
−.082
.146
.305***
.573***
—

.175*
−.173*
−.068
−.156
−.182*
−.128
.087
−.009
.364***
.583***
—

.143
−.185*
−.121
−.116
−.130
−.181*
.109
.134
.347***
.555***
.515***
—

.048
−.054
.058
−.122
−.027
−.061
.037
−.064
.183*
.062
.052
−.063
—

Note. MARS-R = Math Anxiety Rating Scale–Revised; AMAS = Adult Manifest Anxiety Scale, College version: worry (w), physiological anxiety (p), test
anxiety (t), and social concerns/stress (s) subscale scores; WRAT-IV-m = Wide Range Achievement Test-IV, math computation subtest; IGT = Iowa
Gambling Task, advantageous minus disadvantageous selections per 20-card blocks of trials; BART = Balloon Analogue Risk Task, average number of
adjusted pumps per balloon. Gender coded 1 = female, 2 = male.
*p ≤ .05. **p ≤ .01. ***p ≤ .001.

Partial correlations were also calculated to determine the
relationship between math anxiety and decision making,
after controlling for the effects of gender, worry, test anxiety,
physiological anxiety, social concerns/stress, and math performance. Math anxiety showed a small but significant partial correlation with IGT Block 2, r(129) = −.188, p = .033,
and Block 3, r(129) = −.187, p = .033.
For the linear regression analyses, gender, physiological
anxiety, test anxiety, and social concerns/stress were
included in Step 1. Math anxiety was then entered in Step 2.
As math performance and worry were not correlated with
the IGT, they were not included as predictors in the remaining regressions. In addition, regression analyses were only
conducted for the IGT variables, as no anxiety or math performance variables were correlated with the BART. Each
analysis was examined for problems with multicollinearity
with the variance inflation factor, but none of the analyses
revealed significant problems (largest variance inflation
factor = 1.80).
Across linear regression analyses, math anxiety emerged
as a significant predictor of performance on the IGT (see
Table 3). Specifically, MARS-R scores were significant
negative predictors of performance on the IGT in Blocks 2
and 3, with higher math anxiety predicting riskier (less
advantageous) selections on the middle trials (Trials 21-60).
Gender significantly predicted performance on the IGT in
Block 2 (males selected more advantageously than females).
More disadvantageous selections on Block 2 were associated with higher levels of physiological anxiety but lower
levels of test anxiety and social concerns/stress. No predictors were significant during Block 1 (ps > .16), Block 4 (ps
> .14), or Block 5 (ps > .12).

Discussion
The present study sought to examine the potential influences
of math performance and different types of anxiety—math
anxiety, test anxiety, worry, physiological anxiety, and social
concerns/stress—on behavioral decision-making task performance utilizing the IGT and BART. It was hypothesized
that math anxiety would be related to performance on the
IGT and BART. Consistent with this hypothesis, high levels
of math anxiety were correlated with riskier selections on
Blocks 2 to 5 (Trials 21-100) of the IGT. This negative correlation held for Blocks 2 to 3 when partial correlations were
instead examined. Of the remaining variables examined,
males selected more advantageously than females on Blocks
2 to 4, and high test anxiety was associated with riskier decision making on Block 4. In addition, riskier decision making
was associated with higher physiological anxiety on Block 2
and higher social concerns/stress on Block 5. It appears that
math anxiety exerts an independent influence on decision
making during the transition from decision making under
ambiguity to decision making under risk (Brand et al., 2007).
However, math anxiety was not related to performance on
the BART, nor were any of the other study variables. This is
the first study to examine a potential relationship between
math anxiety and behavioral decision-making tasks frequently utilized by clinical psychologists and neuropsychologists, with initial evidence suggesting that the presence of a
relationship between these factors depends on the particular
decision-making task utilized.
The second study aim was to assess whether different
types of anxiety or math performance predicted performance on the IGT and BART. As math performance and
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Table 3. Summary of Regressions Between Gender, Anxieties, and Decision Making.
Criterion
IGT Block 1

Step

Predictors

1

F

p

ΔR2

0.425

.790

.013

Gender
AMAS-p
AMAS-t
AMAS-s
2

0.732

.601

1

5.438

.000

5.440

.000

1

1.355

.253

2.144

.064

1

1.912

.112

1.850

.108

1

1.685

.157

1.842
Gender
MARS-R
AMAS-p
AMAS-t
AMAS-s

.109

.216
−.187
−.360
.208
.205

.010
.030
.001
.042
.033

.170
−.017
−.034
−.036

.057
.883
.754
.728

.160
−.203
.001
.011
−.016

.068
.025
.990
.915
.871

.133
−.042
−.107
−.043

.131
.711
.313
.674

.128
−.113
−.032
−.082
−.032

.147
.213
.779
.446
.752

.115
.020
−.048
−.156

.195
.860
.649
.128

.108
−.140
.032
−.018
−.143

.220
.124
.774
.871
.162

.049

Gender
AMAS-p
AMAS-t
AMAS-s
2

.008
.001
.102
.054

.066

Gender
MARS-R
AMAS-p
AMAS-t
AMAS-s
IGT Block 5

.224
−.377
.166
.188

.055

Gender
AMAS-p
AMAS-t
AMAS-s
2

.424
.165
.477
.649
.561

.076

Gender
MARS-R
AMAS-p
AMAS-t
AMAS-s
IGT Block 4

.072
−.129
−.082
.050
.060

.039

Gender
AMAS-p
AMAS-t
AMAS-s
2

.388
.419
.841
.642

.172

Gender
MARS-R
AMAS-p
AMAS-t
AMAS-s
IGT Block 3

.078
−.094
.022
.048

.141

Gender
AMAS-p
AMAS-t
AMAS-s
2

p

.027

Gender
MARS-R
AMAS-p
AMAS-t
AMAS-s
IGT Block 2

Β

.066

Note. MARS-R = Math Anxiety Rating Scale–Revised; AMAS = Adult Manifest Anxiety Scale, College version: physiological anxiety (p), social concerns/stress (s),
and test anxiety (t) subscale scores; IGT = Iowa Gambling Task, advantageous minus disadvantageous selections per 20-card blocks of trials. Gender coded
1 = female, 2 = male.
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worry were not correlated with either task, they were not
included in the linear regressions. We found high levels of
math anxiety predicted more disadvantageous, or riskier,
selections on Blocks 2 to 3 of the IGT. Gender also predicted selections on Block 2, in that males selected more
advantageously than females. Test anxiety, physiological
anxiety, and social concerns/stress also emerged as significant predictors of performance on the IGT on Block 2. As
no variables were correlated with performance on the
BART, no linear regressions were conducted. Our results,
taken together, are consistent with some previous research
suggesting worry was not associated with IGT performance
(Drost et al., 2014; Kirsch & Windmann, 2009); however,
they are inconsistent with previous research suggesting
worry can lead to risk averse behavior on the BART (Maner
et al., 2007). Although math performance has not been previously studied with the IGT or BART, the present nonsignificant correlations between this variable and the
decision-making tasks are inconsistent with research showing the negative effects of low math performance on cognitive and neuropsychological task performance (Gigerenzer
et al., 2008; Reyna et al., 2009; Schiebener et al., 2011). In
addition, the results of linear regressions suggested high
levels of test anxiety were associated with more advantageous decision making on Block 2 of the IGT, during the
transition from decision making under ambiguity to decision making under risk. By contrast, previous research has
indicated test anxiety is typically associated with decreases
in task performance (Ng & Lee, 2015; Thames et al., 2015).
It is possible that individuals with high test anxiety (or high
social concerns/stress) paid attention to signals of punishment/losses, leading to improved performance earlier on
the IGT. The present results are the first to examine the
potential relationship between math performance and
behavioral decision making, indicating that any relationship
may be tenuous at best. A specific form of anxiety—math
anxiety—predicted IGT performance rather than a more
general type of anxiety—worry.
The present findings, taken together, suggest that high
levels of math anxiety can negatively affect cognitive processes other than those specifically tied to overt math processes. Even on tasks in which math components are not
directly indicated to the participant, the potential need to
rely on math processes, such as mental calculation of probabilities, could interfere with performance. It is possible
that math anxiety acts like other forms of anxiety, impairing
cognitive functioning by interfering with attentional
resources when it is activated (Ashcraft & Kirk, 2001;
Bishop et al., 2004; Eysenck et al., 2007; Levine, 1995;
Richardson & Suinn, 1972). It is possible that math anxiety
affected participants’ interest in engaging in cognitive
reflection (Morsanyi et al., 2014), as to learn to do well on
the IGT, participants must process the feedback given on
each trial to create a conceptualization of the risks and
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benefits of selections from each deck. Math anxiety may,
then, delay the transition from decision making under ambiguity to decision making under risk, potentially due to
decreased ability to learn from feedback. Our results expand
those of other research indicating the deleterious effects of
math anxiety on other math (Ashcraft & Faust, 1994;
Ashcraft & Kirk, 2001; Hembree, 1990; Rydell et al., 2014)
and nonmath (Buelow & Frakey, 2013; Hopko et al., 2005;
Ikeda et al., 1996; Markham & Darke, 1991; Miller &
Bichsel, 2004) tasks. In addition, the present results expand
previous findings that math anxiety can affect decision
making and risk perception (Jones et al., 2012; Rydell et al.,
2014), but fail to replicate findings that math performance
and numerical abilities predict risky decision making
(Gigerenzer et al., 2008; Reyna et al., 2009; Schiebener
et al., 2011). Although participants may have had adequate
math resources to learn the relative risks and benefits associated with each deck, math anxiety may have created an
unwillingness to or otherwise impeded their ability to utilize these resources. Thus, math anxiety and not math performance predicted risky decision making on the IGT.
It is unclear why significant results were found for the
IGT but not the BART. Previous research has been inconsistent in terms of significant (Skeel, Neudecker, Pilarski, &
Pytlak, 2007) and nonsignificant (Aklin, Lejuez, Zvolensky,
Kahler, & Gwadz, 2005; Buelow & Blaine, 2015; Lejuez
et al., 2003) relationships between these tasks, so it could be
that math anxiety only affects particular decision-making
processes. Performance on the IGT has been compared with
performance on other measures of executive functions, but
a recent review indicated significant results in only five of
21 studies assessing measures of inhibition, set-shifting,
working memory, and general intelligence (Toplak et al.,
2010). To perform well on the IGT, individuals must mentally keep track of the pattern of wins/losses associated with
each deck and integrate this information into a heuristic for
each deck. This process likely benefits from intact working
memory, attentional control, and self-regulation resources,
which may be otherwise distracted by the presence of mathanxious thoughts. Even in someone with high math ability,
math anxiety could impair resources needed to access and
apply these math skills to the IGT. Participants have to
inhibit an inclination to pick decks with high immediate
rewards in favor of decks with lower immediate gains but
long-term payoffs. In addition, several recent studies have
shown learning occurs over the course of the IGT (Dunn
et al., 2006; Guillaume et al., 2009; Maia & McClelland,
2004; Schiebener et al., 2011). On the BART, however,
there is no advantageous strategy or cost/benefit ratio to
learn. The balloon could pop on any trial, and participants
can only rely on information about the number of pumps
and money that could be lost to make the decision to stop
pumping the balloon. No differences are seen on average
pumps per balloon across three, 10-balloon blocks of trials
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(Aklin et al., 2005; Buelow & Blaine, 2015; Lejuez, Aklin,
Bornovalova, & Moolchan, 2005). It is possible that the
lack of findings on the BART in the present study could be
due to the executive processes and learning occurring on the
IGT (where math anxiety could disrupt cognitive processes)
versus the more risk-taking behaviors—independent of
learning an advantageous strategy—on the BART.
The present results, when coupled with additional
future research studies, may have implications for clinical
assessment of decision making with math anxious individuals. The present results provide the first evidence that
math anxiety is related to performance on the IGT, which
to date is the only behavioral decision-making task developed for use in clinical assessment settings. Previous
research has shown that high levels of math anxiety are
associated with lower scores on Wechsler Adult
Intelligence Scale–IV Arithmetic compared with Digit
Span subtests (Buelow & Frakey, 2013), indicating math
anxiety can lead to an underestimate of working memory
abilities when a standard assessment instrument is utilized. It is then possible that high math anxiety levels
could underestimate true decision-making abilities when
the IGT, and only the IGT, is utilized. However, before
recommending a change in the approach to assessing decision making among individuals with math anxiety, additional research is needed to further assess the direct effect
of math anxiety on decision making, and to determine if
elements of the IGT in particular “trigger” math anxiety
during the task. The present findings should also be
expanded to examine the potential influence of math anxiety on other commonly used behavioral decision-making
tasks, such as the Columbia Card Task (Figner, Mackinlay,
Wilkening, & Weber, 2009; Figner & Voelki, 2004) and
Game of Dice Task (Brand et al., 2005). Multiple measures of any construct, decision making, or otherwise,
should be utilized to ensure that impaired cognition is not
determined based on one impaired performance on one
task, pointing toward the need for additional clinical decision-making instruments to supplement the IGT.

Limitations
The present study has several limitations that could have
affected outcomes. First, we utilized a sample of college
students who were not presenting for evaluation of clinical
complaints. It is possible that their performance may have
differed from the typical assessment patient, and current
enrollment in math courses may have affected their levels
of math anxiety. The present participants scored lower (M
= 37.53) than the initial validation sample (M = 59.84;
Plake & Parker, 1982) on the MARS-R, so it is important
to follow up on the present study with individuals reporting higher levels of math anxiety. Performance on the
WRAT-IV was the only indication of math performance
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level, as participants were not asked to provide a listing of
math courses taken and their grades. To more fully understand if math performance affects the IGT and BART, it
would be important to follow up with more formal assessments of math performance and ability. Since the present
participants were undergraduate students, we relied on
self-reported levels of different anxieties using questionnaires. In addition, participants with diagnosed clinical
disorders were removed from analysis. It is possible that
the present results might be different if individuals with
anxiety disorders, as diagnosed by a clinician, completed
the study. Utilizing a clinical sample in future research
would allow for greater understanding of whether level of
anxiety/worry symptoms affects performance on decisionmaking tasks in different ways.

Conclusions
The present study provides evidence that math anxiety
exerts a unique influence on some behavioral decisionmaking tasks (IGT). Test anxiety, physiological anxiety,
and social concerns/stress also contributed to the prediction of performance on the IGT during Block 2, whereas
no correlations were found with worry or math performance. Additionally, math anxiety appears to alter the
transition from decision making under ambiguity to decision making under risk on the IGT, which can negatively
affect overall performance on the task. None of the study
variables were related to performance on the BART; however, only the IGT has been put forth as a clinical instrument to assess decision-making processes. If math anxiety
does not affect performance on the BART to the extent it
does on the IGT, then, with additional research into the
relationship between math anxiety and behavioral decision-making task performance, the BART may emerge as
a better measure of decision-making processes—independent of math anxiety influence—than the IGT. The same
holds true for individuals with high levels of social concerns/stress, physiological anxiety, and test anxiety. Future
research should continue to assess the relationship between
a broader range of math anxiety levels, as well as other
anxieties (including worry, test anxiety, physiological
anxiety, and social concerns/stress) on the IGT, BART,
and other decision-making tasks such as the Columbia
Card Task and Game of Dice Task.
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