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Stress pervades everyday life and impedes risky decision making. The following
experiment is the first to examine effects of stress on risky decision making in the
Iowa Gambling Task (IGT), while measuring inspection time and conscious awareness
of deck contingencies. This was original as it allowed a fine grained rigorous analysis
of the way that stress impedes awareness of, and attention to maladaptive financial
choices. The extended Cognitive Reflection Task (CRT) further afforded examination of
the impact of impaired reflective thinking on risky decision making. Stressed participants
were slower to avoid the disadvantageous decks and performed worse overall. They
inspected disadvantageous decks for longer than the control condition and were slower
in developing awareness of their poor deck quality compared to the control condition.
Conversely, in the control condition greater inspection times for advantageous decks
were observed earlier in the task, and better awareness of the deck contingencies was
shown as early as the second block of trials than the stress condition. Path analysis
suggested that stress reduced IGT performance by impeding reflective thinking and
conscious awareness. Explicit cognitive processes, moreover, were important during
the preliminary phase of IGT performance—a finding that has significant implications
for the use of the IGT as a clinical diagnostic tool. It was concluded that stress impedes
reflective thinking, attentional disengagement from poorer decks, and the development
of conscious knowledge about choice quality that interferes with performance on the
IGT. These data demonstrate that stress impairs risky decision making performance, by
impeding attention to, and awareness of task characteristics in risky decision making.

Keywords: decision making, cognitive reflection test (CRT), stress, Iowa Gambling Task (IGT), somatic marker
hypothesis, eye-tracking, conscious knowledge

INTRODUCTION

Stress is a mental tension that arises in uncontrollable situations and results in a compensatory
psychological and physiological response (Lovallo, 2016). Stress moreover, alters cognitive and
emotional processes implicated in decision making (Reimann and Bechara, 2010; Simonovic
et al., 2017a; Starcke et al., 2017). Traditionally, emotion was characterized as disruptive to
cognitive processes in decision making however, the Somatic Marker Hypothesis (SMH) made a
compelling case that emotional factors and arousal facilitate effective decision making (Damasio,
1994). The SMH postulates that emotion plays a pivotal role in complex decision making
(Bechara and Damasio, 2005) and emotion-based learning (Damasio, 1996; Starcke et al., 2017).
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The goals of this article are two fold: first, to examine the effect of
stress on cognitive reflection, conscious awareness and attention
in predicting risky decision making performance; and second, to
test theoretical explanations of the Iowa Gambling Task (IGT)
and consider its suitability as a diagnostic clinical tool.

The IGT was developed to test the SMH and emotion-based
learning, by mimicking real life decision making with risks,
rewards and punishments (Bechara et al., 1994). IGT participants
select cards from four decks which have different frequencies
of reward and punishment. Advantageous decks offer moderate
rewards and small punishments whereas disadvantageous decks
offer larger rewards and substantial punishments, resulting in
an overall loss. Participants should make as much notional
money as possible over the course of the task. It is assumed that
participants develop a ‘‘gut feeling’’ (or somatic marker) about
the ‘‘goodness’’ or ‘‘badness’’ of decks and progressively acquire
conceptual knowledge and awareness about task contingencies.
Early evidence indicated that somatic markers help advantageous
decision making during IGT performance (e.g., Bechara et al.,
1994; Bechara and Damasio, 2005), however subsequent studies
challenged this view—showing that analytic thinking and explicit
knowledge of the deck contingencies played a more significant
role in the IGT than previously thought (e.g., Maia and
McClelland, 2004; Bowman et al., 2005; Simonovic et al.,
2017a,b). Indeed, Simonovic et al. (2017a,b) argued that cognitive
processes and conscious awareness influence the development
of somatic markers and suggested that the IGT performance
is best understood through the interplay between emotional
and analytic processes within a dual process account (see e.g.,
Kahneman, 2011).

Brevers et al. (2013) use a dual-process framework that
contrasts intuitive, effortless, emotional and unconscious
processes (Type I) with effortful conscious and controlled
processes (Type II). The SMH can account for intuitive
processes such as emotional responses or gut feelings that shape
IGT performance and are measured through physiological
techniques (Glöckner and Witteman, 2010). Brevers et al. (2013)
further proposed that ‘‘cool’’ reflective processing is needed for
evaluation of ‘‘hot,’’ affective choices made early in the IGT.
Hence, current evidence suggests a complex interplay between
Type I and Type II processes in determining IGT performance.
These Type II processes require further investigation by
measuring attention and conscious awareness about the task.

Stress
According to the SMH, the connection between somatic
markers and decision making can be interrupted by stress
(e.g., Reimann and Bechara, 2010). Stress interferes with the
learning process in healthy controls, increases risk-taking
behavior and leads to disadvantageous card selections on
the IGT (Preston et al., 2007; Miu et al., 2008; van den Bos
et al., 2009; Robinson et al., 2015; Simonovic et al., 2017a;
Starcke et al., 2017). Preston et al. (2007) demonstrated
that stressed participants learned more slowly on the
IGT than the control group. Thus, incidental anticipatory
stress interfered with the development of somatic markers
which may have been due to working memory disruption

(Hinson et al., 2002). Furthermore, Preston et al. (2007)
suggested that anticipatory stress shifts cognitive processes away
from deliberative processing towards automatic processing,
and thus impairs differentiation between advantageous and
disadvantageous choices—a proposal that warranted further
investigation.

There is however disagreement about the nature of the
impact of stress on learning and performance in the IGT.
Starcke et al. (2017) argued that performance on the early trials
of the IGT is determined by emotional feedback processing.
However, when Simonovic et al. (2017a) replicated and extended
Preston et al. (2007) work, demonstrating that reflective
thinking was also important early in the task. The correlations
reported in Simonovic et al.’s (2017a) study also indicated
that reduced reflective thinking in the stress group led to
increased disadvantageous deck selection. The effect of stress
on IGT performance was predicted by analytic thinking and
thus challenged the primacy of emotional learning in early
trials (see Bechara et al., 2000). The results from these studies
resonate with previous research suggesting that stress reduces
cognitive capacity and consequently diminishes learning from
negative choices (Lighthall et al., 2009; Petzold et al., 2010).
However, it is difficult to unpack whether impaired IGT
performance is due to stress inhibiting the development of
somatic markers or the reduced capacity for reflective thinking,
or both.

Stress disrupts cognitive control (Schwabe and Wolf, 2009),
and changes from goal-directed to automatic control of action
(Margittai et al., 2015). Margittai et al. (2015) tested participants
who received placebo, cortisol and yohimbine, a drug that
increases noradrenergic stimulation, before performing the
Cognitive Reflection Task (CRT; Frederick, 2005). Their results
showed that an increase in cortisol reduced reflective processing
and increased intuitive processing. The results showed that
cortisol mediates the engagement of cognitive processes and
supports the view that stress during the IGT reduced capacity
for Type II processes (e.g., Simonovic et al., 2017a). Margittai
et al.’s (2015) results also accord with research showing Type
II processes to be cortisol dependent (Schwabe and Wolf, 2009,
2013).

Conscious awareness choice quality is important in risky
decision making generally, and also the IGT. Maia and
McClelland (2004) challenged Bechara et al.’s (1994) view that
conscious awareness and performance on the IGT are unrelated
by showing that explicit knowledge about decks improved
deck selection. Bowman et al. (2005) further demonstrated an
explicit evaluation of affective choices could guide future decision
making. Fernie and Tunney (2013) however, showed that not
all participants attain conscious awareness of deck quality, and
that conceptual knowledge was not essential for advantageous
selections. Newell and Shanks (2014) further argue that conscious
awareness diverts attention to positive choices and recruits Type
II goal-directed cognitive processes. Thus, conscious awareness
initiates executive attention that further prompts executive
functioning and enhances decision making. Thus, risky decision
making can be influenced by both emotion-mediated, explicit
knowledge and analytic thought, but the precise nature of the
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interaction between these processes remains an open question,
particularly under stressful conditions.

While the impact of stress on conscious awareness during
the IGT has not been investigated there is evidence that stress
impedes attentional monitoring of the accuracy of choices (Reyes
et al., 2015) and impedes information processing (Hardy et al.,
1996). Furthermore, stress may impair preconscious selective
attention to avoid negative stimuli (e.g., Roelofs et al., 2007).
These findings have implications for explaining the way that
stress impairs IGT performance and risky choice per se.

The present study extends Simonovic et al. (2017a) using
an eye-tracking methodology; an extended, more reliable CRT
(Toplak et al., 2014, see Stupple et al., 2017) and Maia and
McClelland’s (2004) Conscious Awareness Test to provide a
more comprehensive analysis of when and where Type II
processes are implicated during the IGT. These analyses are
informative for testing theories of IGT performance, but also
understanding risky decision making under stress.

We propose that stress impairs decision making by reducing
capacity for analytic processing which impedes attention to,
and awareness of, situational factors. Thus, we propose that
when performing IGT under stress, analytic processing would
be less predictive of performance; that participants will persist in
fixating on disadvantageous decks for more trials and show less
awareness of task characteristics.

This leads to a series of hypotheses about: (1) performance;
(2) the role of reflection; (3) inspection times; (4) conscious
awareness; and (5) predicting IGT performance. Thus: (1) the
stress manipulation will inhibit performance on the IGT
and delay the elimination of disadvantageous deck selections;
(2) there will be more significant correlations between CRT
and IGT performance in the control condition than the stress
conditions; (3) there will be increased inspection time for
disadvantageous decks which will persist across more blocks in
the stress condition. There will also be decreased inspection time
for advantageous decks which will persist across more blocks in
the stress condition; (4) there will be poorer estimates of deck
quality in the stress condition; and finally, (5) the relationship
between inspection time, conscious knowledge, CRT scores,
stress and IGT performance will be tested by path analyses;
we predict that inspection time, conscious knowledge, CRT
scores and Systolic Blood Pressure (SBP) reactivity will indirectly
predict IGT performance.

MATERIALS AND METHODS

Participants
Twenty-three male and 53 female undergraduate students aged
19–56 years, were recruited and randomly allocated to stress
and control groups. Participants had normal or corrected to
normal vision. This study was carried out in accordance with
the recommendations of the British Psychological Society. The
protocol was approved by the University of Derby Human
Sciences Research Ethics Committee. All subjects gave written
informed consent in accordance with the Declaration of Helsinki.
People under the age of 18 years old and people who reported
depression, anxiety, any cardiovascular disease, high blood

pressure or a history of neurological illnesses were excluded from
participation.

Materials
Stress Manipulation
The study used an anticipatory speech task (Simonovic et al.,
2017a), based on a modified version of Preston et al. (2007)
anticipatory speech task. A video camera was installed that
simulated recording; before the experiment; only participants
in the experimental group were told that they would be video-
recorded during their performance and they would have to
deliver a speech to summarize their experience at the end of the
experiment. Control participants were not exposed to any aspect
of the stress manipulation while completing the experiment.

Physiological Measurement
SBP and Heart Rate (HR) responses to stress were measured
to check whether the manipulation was effective using a
continuous, non-invasive cardiovascular Finometer (Finapres
Medical System, Amsterdam, Netherlands). Baseline SBP and
HR measurements were taken for 5 min before the initiation
of IGT followed by SBP and HR measurements taken
during the IGT performance. SBP and HR reactivity were
calculated by subtracting the average of the performance
SBP/HR measurements from the average of resting SBP/HR
measurements.

Conscious Awareness Test
Maia and McClelland’s (2004) Test of Awareness measures the
emergence of conceptual knowledge about deck contingencies.
We obtained deck ratings of −10 to +10 to measure awareness of
deck quality (Deck Rating).

Eye Tracking Measurements
Eye movements were recorded with the Eye-gaze binocular
system Tobii-X2-30 (Inquisit 4 ms plugins), with a remote
binocular sampling rate of 30 Hz and an accuracy of
approximately 0.45◦. The X2 Eye Tracker is a stand-alone
eye tracker, and was attached to a laptop (Dell, Precision
M6700, 2.70G hz). Participants were seated approximately 0.7 m
from the laptop monitor. The Tobii measured 184 mm in
length and enabled tracking at close distances (up to 36◦

gaze angle). Fixations were identified using a fixation radius
of 20 pixels and a minimum fixation duration of 100 ms or
above. Before starting the experiment, a 9-point calibration
routine was executed. Each data point was identified with a
timestamp and ‘‘X, Y’’ coordinates, and these coordinates were
processed further into fixations and overlaid on a video recording
of the IGT. Choices, decision times, and basic eye-tracking
parameters such as inspection time and coordinates were
recorded. To avoid methodological artifacts, eye tracking metrics
were delineated through fixation filters. Eye-tracking parameters
such as were recorded for both eyes and then aggregated.
To avoid methodological artifacts, eye tracking metrics were
delineated through fixation filters. Fixation filters were used to
remove blinking points and extrapolate the data correctly into
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fixations. Non-overlapping areas of interest (AOI) around each
cell in the matrix were defined, each containing different decks.
Hence, four AOIs were obtained with the size of 690× 458 pixels
for decks (36◦ gaze angle). For each participant and each
decision, the inspection time within each AOI was calculated.

IGT
Bechara et al.’s (1994) computerized version of IGT and standard
instructions were used. Inquisit 4 (Millisecond Software; Seattle,
WA, USA) was used to run the IGT script; participants were
required to choose individual cards from four decks that provide
financial rewards and punishments. Bechara et al.’s (1994)
IGT instructions for computerized version were followed. One-
hundred and forty trials (seven Blocks of 20) were completed.

CRT
The seven-item CRT (Toplak et al., 2014) was used to measure
analytic ability. The score was the total number of correct
answers. Higher CRT scores indicated higher reflective ability.
The CRT consists of problems where an intuitive answer must be
resisted to reach the correct solution. An example question is ‘‘If
John can drink one barrel of water in 6 days, and Mary can drink
one barrel of water in 12 days, how long would it take them to
drink one barrel of water together?’’ The correct answer is 4 days
and the intuitive answer is 9 days. The Cronbach alpha for correct
CRT responses was α = 0.77.

Procedure
Following consent, participants sat for a 5-min resting period,
and then baseline SBP/HR measurements were taken. Next, they
were randomly allocated to groups; they were no differences
in age or gender. The instructions regarding the presentation
to the camera were only given to the experimental group, and
they were shown the camera which was then switched on.
The CRT was administrated followed by the IGT. Eye tracking
measures and SBP/HR measurements were taken continuously
during the IGT performance. Also, conscious awareness per
Block was assessed during the task. After the completion of
the IGT task, participants in the experimental group were told
that they would not have to give the speech at that point.
Finally, participants were debriefed, and post-task SBP/HR
measurements were taken to ensure readings had returned to
baseline.

Analytic Strategy and Scoring
Initial analyses focused on checking that the stress manipulation
was effective: ANOVA was used to determine if SBP and HR
reactivity differed by condition. Next, a 2 (condition) × 7
(Block) mixed ANOVAs were used to determine the effect of the
manipulation on IGT scores across the seven Blocks. Standard
scoring was derived by deducting total disadvantageous card
picks (A + B) from total advantageous picks (C + D).

As parametric assumptions were not met, a Mann–Whitney
test was used to test for differences in CRT scores between the two

FIGURE 1 | Model of stress manipulation as a predictor of Iowa Gambling Task (IGT) scores, mediated by Systolic Blood Pressure (SBP) reactivity, inspection time,
Cognitive Reflection Task (CRT) and conscious knowledge. The Confidence Interval (CI) for the indirect effect is a BCa bootstrapped CI based on 10,000 samples.
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conditions. Bivariate correlations were examined relationships
between CRT scores and disadvantageous deck picks (A + B)
during each Block, for each group separately.

Inspection time was also examined across Blocks;
2 (condition) × 7 (Block) mixed ANOVAs were used to
determine the differences in inspection time for disadvantageous
and advantageous decks across Blocks. Next, a 2 (condition) × 7
(Block) mixed ANOVA was used to determine the effect of
manipulation on overall deck ratings (C + D – A + B) across
Blocks.

Finally, a bootstrappedmediationmodel tested the conceptual
model outlined in Figure 1. All hypotheses were tested
simultaneously using the Process macro for SPSS (Hayes,
2012), with 10,000 bootstrapping re-samples and bias-corrected
95% Confidence Intervals (CIs) for each indirect effect. In
bootstrapping analyses, bias-corrected CIs that do not contain
0 signify a significant mediational effect (Preacher and Hayes,
2004, 2008). Direct effects estimate how much two cases
differing on the independent variable (stress manipulation)
also differ on the dependent variable (total IGT score:
(C + D) − (A + B)), independent of the effect of the
mediator variables (SBP reactivity, inspection time, CRT scores
and conscious knowledge) on the dependent variable. Total
effects are the sum of the indirect and direct effects of the
independent variable (stress manipulation) on the dependent
variable (IGT scores; Hayes, 2012). To balance concerns related
to Type I and Type II errors the alpha level for all analyses
was adjusted to p < 0.005. Analysis was conducted using
IBM SPSS 24 for Windows. All analyses were repeated with
gender as either a covariate or a moderator; no outcomes were
affected.

RESULTS

Manipulation Checks
Stress induction—ANOVA revealed a condition (stress vs.
control) effect for SBP reactivity, F(1,74) = 13.63, p < 0.001,
η2p = 0.16; reactivity was larger in the stress condition than
in the control condition (Table 1). Further, ANOVA revealed
a condition (stress vs. control) effect for HR reactivity,
F(1,74) = 4.07, p< 0.05, η2p = 0.05; reactivity was larger in the stress
condition than in the control condition (Table 1).

Cognitive reflection task (CRT) performance under stress—A
Mann–Whitney test showed differences in CRT scores between
the two groups: participants in the stress condition had lower
CRT scores (Median = 1, IQR = 5) than participants in the
control condition (Median = 4.5, IQR = 7) U = 128, p < 0.001,
r = 0.72 demonstrating that reflective thinking was inhibited by
stress.

TABLE 1 | Mean (SD) Systolic Blood Pressure (SBP) and Heart Rate (HR) at
baseline and during Iowa Gambling Task (IGT) performance.

SBP HR

Baseline During Baseline During
Stress 122.05 (15.19) 139.16 (13.76) 80.46 (14.44) 85.08 (14.28)
Control 120.22 (8.70) 122.60 (7.19) 77.33 (7.95) 77.50 (8.24)

TABLE 2 | Mean (SD) standard IGT scores per Block for control and stress group.

Blocks Stress Control Total

1 −4.05 (4.48) −3.16 (8.29) −3.60 (6.63)
2 −2.32 (6.39)∗ 4.53 (8.02) 1.10 (7.98)
3 −0.53 (7.56)∗ 9.40 (6.94) 4.43 (8.77)
4 −0.89 (6.23)∗ 10.32 (7.22) 4.71 (8.76)
5 2.00 (7.45)∗ 11.74 (7.70) 6.87 (8.99)
6 1.21 (7.81)∗ 12.10 (7.88) 6.65 (9.53)
7 1.89 (9.21)∗ 13.16 (7.70) 7.53 (10.16)
Total −2.68 (31.15) 58.16 (37.47)

∗Denotes significant p < 0.005.

IGT Performance—Deck Selection Analysis
A Greenhouse-Geisser adjusted ANOVA was used to determine
the effect of stress condition on the standard IGT scoring,
(C + D) − (A + B) across the seven Blocks of the IGT.
There was a main effect of stress condition F(1,74) = 58.80,
p < 0.001, η2p = 0.44, participants in the stress condition had
lower IGT scores than the control group. There was a main
effect of Block, F(4.25,314.32) = 33.29, p < 0.001, η2p = 0.31.
with IGT scores increasing after the first Block. The adjusted
post hoc pairwise comparisons demonstrated that IGT scores
in Block 1 were significantly lower than all other Blocks
(all p < 0.005). Furthermore, IGT scores in Block 2 were
significantly lower than Blocks 4, 5, 6 and 7 (all p < 0.005).
There were no other significant differences between Blocks.
There was a significant Block × Stress manipulation interaction,
F(4.25,314.32) = 7.44, p < 0.001, η2p = 0.09, independent t-tests
revealed that participants in the stress conditions had lower IGT
scores in all but Block 1 (all significant p< 0.001) compared with
participants in the control condition (see Table 2 for descriptive
statistics).

Correlations Between CRT and IGT by
Block
Correlations between disadvantageous card selections (A + B)
per Block revealed medium to large correlations across both
conditions. Further correlations between disadvantageous card
selection scores for each Block and CRT scores were calculated
for control and stress conditions separately. Significant negative
correlations between disadvantageous card selection scores and
CRT scores were observed in Blocks 1, 6 and 7 in the stress
condition, and in Blocks 3, 5, 6 and 7 in the control condition.

TABLE 3 | Correlations between CRT scores and disadvantageous card selection
scores (A + B).

Blocks Stress Control

1 r = −0.321, p = 0.049 r = 0.007, p = 0.966
2 r = −0.005, p = 0.977 r = −0.186, p = 0.264
3 r = −0.175, p = 0.294 r = −0.442, p = 0.005∗

4 r = −0.124, p = 0.458 r = −0.201, p = 0.227
5 r = −0.234, p = 0.158 r = −0.476, p = 0.003∗

6 r = −0.354, p = 0.029 r = −0.519, p = 0.001∗

7 r = −0.327, p = 0.045 r = −0.484, p = 0.002∗

Total r = −0.354, p = 0.029 r = −0.462, p = 0.003∗

∗Denotes significant p < 0.005.
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TABLE 4 | Mean (SD) inspection time for disadvantageous decks per Block for
control and stress group.

Blocks Stress Control Total

1 0.21 (0.08) 0.23 (0.15) 0.22 (0.12)
2 0.45 (0.14)∗ 0.15 (0.14) 0.30 (0.20)
3 0.49 (0.18)∗ 0.13 (0.08) 0.31 (0.23)
4 0.53 (0.20)∗ 0.17 (0.17) 0.35 (0.26)
5 0.38 (0.23)∗ 0.12 (0.10) 0.25 (0.22)
6 0.20 (0.16) 0.13 (0.12) 0.17 (0.15)
7 0.19 (0.15) 0.14 (0.14) 0.17 (0.15)
Total 0.35 (0.10) 0.15 (0.07)

∗Denotes significant p < 0.005.

Higher CRT scores were associated with better performance in
those Blocks (Table 3).

Deck Inspection-Time Analyses
A Greenhouse-Geisser-adjusted ANOVA with log transformed
data was used to determine the effect of stress condition on
the inspection time for disadvantageous choices (A + B) across
the seven Blocks of the IGT. There was: a main effect of
stress condition, F(1,74) = 89.25, p < 0.001, η2p = 0.54, such
that longer inspection-times were observed in the stress group
compared to the control group. There was a main effect of Block,
F(4.14,306.16) = 21.81, p < 0.001, η2p = 0.23, such that there was
an increase in inspection time from Block 1 until Block 4 (all
p < 0.001). The post hoc pairwise comparisons (threshold alpha
p < 0.005) demonstrated that inspection time in Block 1 was
lower than inspection time in Blocks 2 and 3 (all p < 0.005).
Inspection times in Blocks 2 and 3 were significantly higher
than inspection times in Blocks 6 and 7. Furthermore, inspection
time in Block 4 was significantly higher than inspection times in
Blocks 5, 6 and 7 (all p< 0.005). There was a significant Block ×

stress manipulation interaction, F(4.14,306.16) = 26.16, p < 0.001,
η2p = 0.26. Independent t-tests revealed longer inspection time
in the stress conditions (p < 0.005), in all but Block 1, 6 and
7 compared with participants in the control condition (see
Table 4 for descriptive statistics).

A Greenhouse-Geisser-adjusted ANOVA with log-
transformed data was used to determine the effect of stress
condition on the inspection time for advantageous choices
(C + D) across the seven Blocks of the IGT. There was:
a main effect of stress condition F(1,74) = 7.52, p = 0.008,
η2p = 0.09, such that longer inspection time was observed
in the control group compared to the stress group. There
was a main effect of Block, F(3.78,280.19) = 12.12, p < 0.001,
η2p = 0.14, such that there was an increase in inspection time
from Block 1 until Block 4 (all p < 0.05). The post hoc pairwise
comparisons (p < 0.005), demonstrated that inspection time
for advantageous decks in Block 1 was significantly lower than
Blocks 3 and 4 (all p < 0.005). Furthermore, inspection time
for advantageous decks in Blocks 3 was significantly higher
than Blocks 5 and 6 (all p < 0.005). Additionally, inspection
time for advantageous decks in Block 4 was significantly higher
than Blocks 5, 6 and 7 (all p < 0.005). There was a significant
Block × stress manipulation interaction, F(3.78,280.19) = 10.88,
p < 0.001, η2p = 0.13, on inspection time. Independent

TABLE 5 | Mean (SD) inspection time for advantageous decks per Block for
control and stress group.

Blocks Stress Control Total

1 0.22 (0.10) 0.22 (0.14) 0.22 (0.12)
2 0.19 (0.10)∗ 0.30 (0.14) 0.25 (0.13)
3 0.23 (0.15)∗ 0.41 (0.23) 0.32 (0.21)
4 0.23 (0.16)∗ 0.46 (0.30) 0.35 (0.27)
5 0.19 (0.12) 0.22 (0.18) 0.21 (0.15)
6 0.23 (0.15) 0.18 (0.16) 0.21 (0.16)
7 0.23 (0.14) 0.19 (0.18) 0.21 (0.17)
Total 0.22 (0.08) 0.29 (0.10)

∗Denotes significant p < 0.005.

t-tests revealed longer inspection time for participants in
the control condition in Blocks 2, 3 and 4 compared with
participants in the stress condition (see Table 5 for descriptive
statistics).

Conscious Awareness of Deck Quality
A Greenhouse-Geisser-adjusted ANOVA was used to determine
the effect of stress condition on the overall deck ratings (C + D −

A + B) across the seven Blocks of the IGT. There was: a main
effect of stress condition F(1,73) = 12.90, p = 0.001, η2p = 0.15,
such that the stress deck ratings were lower compared to the
control group. There was a significant main effect of Block,
F(2.75,200.67) = 26.43, p < 0.001, η2p = 0.27, such that there was
increase in deck ratings across blocks. The adjusted (p < 0.005)
post hoc pairwise comparisons demonstrated that deck ratings in
Block 1 was significantly lower than all Blocks (all p < 0.001).
There were no other significant differences between Blocks.
and a non-significant Block × stress manipulation interaction,
F(2.75,200.67) = 1.62, p = 0.13, η2p = 0.02, on overall deck ratings.
This indicated that participants in the control conditions started
to develop understanding of the patterns of gains and losses after
the first Block (see Table 6 for descriptive statistics).

Path Analyses of Determinants of IGT
Performance
The assumption of normality was met and there were no outliers.
For the path analyses, stress manipulation was an independent
variable and overall IGT score was the dependent variable. CRT
scores, inspection time, conscious knowledge and SBP reactivity
were indirect pathways. Initially, it was checked if the stress
manipulation predicts chosen mediators. Stress manipulation
significantly predicted all the mediators (Table 7).

TABLE 6 | Mean (SD) for overall deck ratings (C + D – A + B) per Block for control
and stress group.

Blocks Stress Control Total

1 −5.84 (7.48) 1.37 (7.01) −2.28 (8.07)
2 1.18 (9.36) 4.83 (9.62) 2.99 (9.13)
3 1.60 (8.64) 8.37 (8.81) 4.94 (9.31)
4 3.47 (9.28) 8.51 (11.15) 5.96 (10.49)
5 3.13 (8.08) 9.51 (11.38) 6.28 (10.30)
6 2.39 (8.27) 10.48 (10.65) 6.39 (10.30)
7 2.45 (8.00) 10.16 (10.46) 6.25 (10.01)
Total 1.19 (6.90) 7.61 (8.32)
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TABLE 7 | The overall model and effect of stress manipulation on mediators.

Overall model Stress manipulation effect

CRT F(1,74) = 80.35, p < 0.001, R2 = 0.52 b = 3.13 (SE = 0.35), t(74) = 8.96, p < 0.001
SBP reactivity F(1,74) = 21.54, p < 0.001, R2 = 0.22 b = −11.89 (SE = 2.56), t(74) = −4.64, p < 0.001
Inspection time F(1,74) = 90.93, p < 0.001, R2 = 0.55 b = −0.26 (SE = 0.03), t(74) = −9.54, p < 0.001
Conscious knowledge F(1,74) = 12.98, p < 0.001, R2 = 0.15 b = −6.35 (SE = 1.76), t(74) = −3.60, p < 0.001

The results were significant for all the indirect pathways.
Further path analyses indicated that the direct effect of stress
manipulation on IGT was not significant when controlling
for indirect pathways, b = 15.30 (SE = 12.15), t = 1.26,
p = 0.21. However, there was a significant indirect effect of
stress manipulation on IGT scores through CRT, b = 30.32
(SE = 7.40), Z = 4.09, p < 0.001 and conscious knowledge,
b = 13.64 (SE = 4.67), Z = 2.92, p = 0.003. Conversely, the indirect
effect of stress manipulation through inspection time, b = 3.45
(SE = 7.07), Z = 0.49, p = 0.63, and SBP reactivity, b = −1.86
(SE = 3.50), Z = −0.53, p = 0.49 was not significant. The full
model of stress manipulation as a predictor of IGT scores is
outlined in Figure 1.

DISCUSSION

To summarize our findings: compared to the control
condition, stressed participants were slower to avoid the
disadvantageous decks and performed worse overall, they
inspected disadvantageous decks for longer, and were slower
in developing awareness of their poor deck selections
compared to the control condition. Conversely, the control
condition had longer inspection times for advantageous
decks earlier in the task, and earlier accuracy in awareness
of the deck contingencies than the stress condition. Path
analysis demonstrated that stress reduced performance by
impeding reflective thinking and conscious awareness. We now
present a more detail review of the findings in relation to our
hypotheses.

Inspection time differences between disadvantageous and
advantageous decks were observed in the stress condition
persisted for longer than in the control group. It was
hypothesized that the stress would inhibit the learning of deck
contingencies. Participants in the control conditions had more
accurate estimates of deck quality in all but Blocks 2 and
4. Finally, path analysis examined direct and indirect effects
of the stress manipulation, SBP reactivity, inspection time,
CRT and conscious knowledge upon IGT scores. This analysis
demonstrated the stress manipulation indirectly affected IGT
scores by reducing cognitive reflection and conscious knowledge
but did not have a direct effect. These findings are discussed in
turn.

The hypotheses related to replication of Simonovic
et al.’s (2017a) findings were partially supported. The stress
manipulation delayed the optimization of deck selections and
reduced reflective ability as indexed by CRT scores. It was
hypothesized that CRT scores would correlate in the earlier
Blocks for both conditions—this was not consistently observed;
however, CRT scores and disadvantageous deck picks were

correlated in Block 3, 5, 6 and 7 in the control condition but were
not significant in the stress condition.

Manipulation Check and IGT Performance
The stress manipulation successfully increased SBP/HR
reactivity. The results showed that stressed participants
selected more cards from disadvantageous decks, after the
first Block, indicating that their learning was impaired. These
findings support Simonovic et al.’s (2017a) findings on a
standard extended version of the IGT. These data support
previous findings that stress impairs learning and leads
to a slower elimination of disadvantageous deck selection
(Preston et al., 2007; Starcke et al., 2017; Wemm and Wulfert,
2017). Our findings show that deck selection in the stress
condition improved after the fourth trial compared to the
control condition where deck selection improved after the first
trial.

CRT Results
As with Simonovic et al.’s (2017a), participants in the stress
condition had significantly lower CRT scores, indicating that
stress reduced reflective ability. These data support the dual
process account of IGT where it is assumed that ‘‘cool’’ reflective
processes are important in overriding ‘‘hot’’ processes that favor
short-term gain (Brevers et al., 2013). According to Brevers et al.
(2013) ‘‘cool’’ systems are associated with monitoring options
associated with risk and gain. When ‘‘hot’’ systems do not allow
risk assessments of the choices, ‘‘cool’’ systems evaluate the risk
and benefits of the choices. The overall correlation between the
CRT scores and disadvantageous deck selections observed for
both conditions indicate that reflective processes are implicated
in disambiguation of the disadvantageous deck contingencies.
Correlational data further indicate that the reflective processing
is significant in both early and late trials (e.g., Simonovic et al.,
2017a) rather than being located only when participants have
learned the rules of the task (e.g., Starcke et al., 2017). The CRT
scores in the control condition correlated with disadvantageous
deck selection from early in the task. This indicates that the
importance of reflective thinking emerged after the second Block
and persisted until the end of the task in the control condition,
showing that less reflective participants were more likely to
make a disadvantageous choice. However, reflective processing
was not a reliable correlate with performance in the stress
condition.

This is also in line with Margittai et al.’s (2015) study that
demonstrated that higher cortisol levels impaired performance
on the original CRT. This indicates that stress disrupts
higher order control, mediated by Prefrontal Cortex (PFC;
e.g., Arnsten, 2009; Schwabe and Wolf, 2011, 2013). Since
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neurochemicals released in response to stress (e.g., dopamine
and glucocorticoids) have receptors in the PFC, decision
making processes that depend on PFC can be directly affected
by stress (e.g., Preston et al., 2007). This also supports
Preston et al.’s (2007) argument that under stress, decision
making shifts away from deliberative PFC processing towards
subcortical areas of the brain and allows automatic, amygdala-
mediated processing to dominate. This can explain non-optimal
performance and a lack of reflective thinking in the stress
condition. Although, cortisol was not measured in this study,
the success of the stress induction technique (evidenced by
blood pressure and HR responses) means that it is highly
likely that cortisol levels affected learning and consequent
performance.

Inspection Time
Greater inspection time for disadvantageous decks was observed
for participants in the stress condition, particularly from
Blocks 2 to 5. One possibility is that there are differences in
attentional control between the two conditions due to impaired
ability to disengage from the negative choices associated with
disadvantageous decks in the stress condition. It may be the
case that these findings indicate that participants are merely
looking at the decks they select, however the eye-tracking
measure is a much finer-grained index of participant behavior
and would pick up on subtle differences in attentional
focus that a gross deck selection measure may miss. These
data are consistent with findings where increased attention
towards negative choices are associated with increased negative
preferences and poorer learning from punishment (Sapolsky,
2000; Ononaiye et al., 2007; Sposari and Rapee, 2007; Cavanagh
et al., 2011). Thus, the findings support the proposal that
stress inhibited attentional disengagement from the negative
choices. Alternately, the stress condition may have reduced
participant learning from feedback by ‘‘hijacking’’ cognitive
processes such that somatic markers or deck outcomes were
attended to less. Greater inspection time for advantageous
decks was observed in Blocks 2, 3 and 4, in the control
condition before participants are expected to show awareness
of the advantageousness of decks according to traditional
SMH accounts (e.g., Bechara et al., 2000; Brand et al.,
2007; Starcke et al., 2017). Thus, it is possible that stress
impaired both learning from the positive and negative feedback
of disadvantageous/advantageous decks, reduced participants’
ability for attentional disengagements of disadvantageous choices
and increased an awareness of the advantageousness of the good
decks in control group.

Conscious Awareness
On average participants in the control condition showed
sufficient knowledge of deck quality to guide advantageous
long-term choices after the first Block. Deck rating scores in
the stress condition suggest that stress interfered with learning
as participants failed to develop sufficient knowledge to guide
their performance compared to the control group. These data
are consistent with previous studies that have shown that the
IGT can be performed through access to explicit, conscious

knowledge (e.g., Maia and McClelland, 2004, 2005; Fernie
and Tunney, 2006, 2013). Thus, while the possibility that
somatic markers contribute to IGT performance cannot be
ruled out, the results reliably show that stress impaired the
conscious processes which are integral to IGT performance.
However, it should be noted that the nature of the IGT
and the design of Maia and McClelland’s (2004) test could
promote additional cognitive rather than intuitive processing,
because participants are asked to assess deck quality at regular
intervals. The present results are, however, in line with
the Simonovic et al. (2017a) findings where no measure of
conscious awareness was employed. Thus, these data challenge
previous research that suggests non-conscious intuitive signals
dominate decisional choices in the early stages of the IGT (e.g.,
Bowman et al., 2005; Maia and McClelland, 2005; Fernie and
Tunney, 2006, 2013).

Differences in conceptual knowledge and inspection time
for advantageous decks emerged after the second Block. This
indicated that the control group had gained sufficient knowledge
about the deck contingences and was more focused on the
good decks. This also suggested that explicit knowledge runs
in parallel with deck selection. Thus, good awareness of
deck quality activates cognitive processing about the payoff
structure leading to a more optimal decision making strategy.
Konstantinidis and Shanks (2014) reported similar findings in
a study that used wagering to examine conceptual awareness;
participants developed preferences towards the advantageous
decks and accurately justified their preferences. This is consistent
with Newell and Shanks’s (2014) suggestion that conscious
awareness diverts attention to positive decisional choices and
recruits cognitive processes related to goal-directed behavior.
According to this view, conscious awareness initiates executive
attention that further initiates executive functioning (e.g.,
working memory) to reflect on the specific components of the
task. Our data indicated that conscious awareness, attentional
processing and analytic ability arise early in the task for the
control group, however the precise nature of the correlates
and causal relationships with learning and performance require
further investigation. The results indicated that participants
who were more reflective have greater awareness of deck
contingences and are more focussed on good decks earlier
in the task, implicating Type II processing throughout the
task.

Path Analysis
Path analysis revealed that the effect of stress on performance
occurs through reduced reflective and conscious awareness
rather than different routes. Furthermore, knowledge of deck
quality emerged as an additional mediator to reflective ability.
The mediators reduced the direct effect of stress manipulation on
IGT scores. However, the analysis revealed a weak relationship
between the mediators and overall IGT scores. This raises
the possibility that the mediators are not strongly related to
each other. Preston et al. (2007) and Simonovic et al. (2017a)
argued that stress disrupts Type II cognitive processes indicating
that performance was not primarily dependent on emotional
processing and is more consistent with Brevers et al. (2013) dual
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process account of the IGT. However, contrary to Brevers et al.’s
(2013) suggestion that ‘‘hot,’’ Type I processes guide successful
performance, our data indicate that Type II processes guide
decision making in the absence of stress. Emotional processing
may guide Type II processing early in the task, as it could be
argued that a complex interaction between these components
give rise to somatic markers. Unpacking this issue is complicated
by the evidence that conflict between Type I and Type II
processes can be physiologically arousing (e.g., Evans, 2003; De
Neys and Glumicic, 2008; De Neys et al., 2010). Thus, it could
be argued that rather than emotional processing generating the
arousal, it is instead due to the cognitive effort being employed to
learn deck contingences.

CONCLUSION

In conclusion, this experiment provides the first examination
of conscious awareness under stress on the IGT and the first
direct measure of attentional focus during IGT performance.
The results of this experiment further clarify the findings
from studies that demonstrate a link between stress and IGT
performance. Moreover, we demonstrated the importance of
reflective cognition, attention and conscious knowledge in later

trials but also in the earlier trials traditionally associated with
learning rather than performing the task. Induced stress not
only impaired decision making performance, but also impeded
attention to, and awareness of task characteristics in risky
decision making. This was evidenced with the reduced capability
for Type II thinking under stress and increased dominance for
Type I thinking. These findings are also problematic for the
use of the IGT as a diagnostic clinical tool—the importance of
reflective processing, early conscious awareness of deck quality
and impairment of these through stress all undermine the view
that the IGT can diagnose a specific impairment of emotional
processes. The results of this experiment support a dual-process
account of risky decision making as conscious and effortful
processing is impaired in the presence of stress and implicated
in its absence.

AUTHOR CONTRIBUTIONS

All authors (BS, ES, MG and DS) made substantial contributions
to the conception and design of the study and revised the
manuscript for important intellectual content. BS collected the
data and drafted the initial manuscript. BS, ES and DS analyzed
and interpreted the data.

REFERENCES

Arnsten, A. F. T. (2009). Stress signalling pathways that impair prefrontal cortex
structure and function. Nat. Rev. Neurosci. 10, 410–422. doi: 10.1038/nrn2648

Bechara, A., and Damasio, A. R. (2005). The somatic marker hypothesis: a neural
theory of economic decision. Games Econ. Behav. 52, 336–372. doi: 10.1016/j.
geb.2004.06.010

Bechara, A., Damasio, A. R., Damasio, H., and Anderson, S. W. (1994).
Insensitivity to future consequences following damage to human prefrontal
cortex. Cognition 50, 7–15. doi: 10.1016/0010-0277(94)90018-3

Bechara, A., Damasio, H., and Damasio, A. R. (2000). Emotion, decision making
and the orbitofrontal cortex. Cereb. Cortex 10, 295–307. doi: 10.1093/cercor/
10.3.295

Bowman, C. H., Evans, C. E. Y., and Turnbull, O. H. (2005). Artificial time
constraints on the iowa gambling task: the effects on behavioural performance
and subjective experience. Brain Cogn. 57, 21–25. doi: 10.1016/j.bandc.2004.
08.015

Brand, M., Recknor, E. C., Grabenhorst, F., and Bechara, A. (2007).
Decisions under ambiguity and decisions under risk: correlations with
executive functions and comparisons of two different gambling tasks
with implicit and explicit rules. J. Clin. Exp. Neuropsychol. 29, 86–99.
doi: 10.1080/13803390500507196

Brevers, D., Bechara, A., Cleeremans, A., and Noel, X. (2013). Iowa Gambling Task
(IGT): twenty years after—Gambling disorder and IGT. Front. Psychol. 4:665.
doi: 10.3389/fpsyg.2013.00665

Cavanagh, J. F., Frank, M. J., and Allen, J. J. B. (2011). Social stress reactivity
alters reward and punishment learning. Soc. Cogn. Affect. Neurosci. 6, 311–320.
doi: 10.1093/scan/nsq041

Damasio, A. R. (1994). Descartes’ Error: Emotion, Reason and the Human Brain.
New York, NY: Putnam Publishing.

Damasio, A. R. (1996). The somatic marker hypothesis and the possible functions
of the prefrontal cortex. Philos. Trans. R. Soc. Lond. B Biol. Sci. 351, 1413–1420.
doi: 10.1098/rstb.1996.0125

DeNeys,W., andGlumicic, T. (2008). Conflict monitoring in dual process theories
of thinking. Cognition 106, 1248–1299. doi: 10.1016/j.cognition.2007.06.002

De Neys, W., Moyens, E., and Vansteenwegen, D. (2010). Feeling we’re biased:
autonomic arousal and reasoning conflict. Cogn. Affect. Behav. Neurosci. 10,
208–216. doi: 10.3758/CABN.10.2.208

Evans, J. St. B. T. (2003). In twominds: dual-process accounts of reasoning. Trends
Cogn. Sci. 7, 454–459. doi: 10.1016/j.tics.2003.08.012

Fernie, G., and Tunney, R. J. (2006). Some decks are better than others: the effect
of reinforcer type and task instructions on learning in the iowa gambling task.
Brain Cogn. 60, 94–102. doi: 10.1016/j.bandc.2005.09.011

Fernie, G., and Tunney, R. J. (2013). Learning on the IGT follows emergence
of knowledge but not differential somatic activity. Front. Psychol. 4, 687–701.
doi: 10.3389/fpsyg.2013.00687

Frederick, S. (2005). Cognitive reflection and decision making. J. Econ. Perspect.
19, 25–42. doi: 10.1257/089533005775196732

Glöckner, A., and Witteman, C. (2010). Beyond dual-process models:
a categorisation of processes underlying intuitive judgement and
decision making. Think. Reason. 16, 1–25. doi: 10.1080/13546780903
395748

Hardy, L., Mullen, R., and Jones, J. (1996). Knowledge and conscious control of
motor actions under stress. Br. J. Psychol. 87, 621–636. doi: 10.1111/j.2044-
8295.1996.tb02612.x

Hayes, A. F. (2012). PROCESS: a versatile computational tool for observed
variable mediation, moderation and conditional process modeling [White
paper]. Available online at: http://www. afhayes.com/public/process
2012.pdf

Hinson, J. M., Jameson, T. L., and Whitney, P. (2002). Somatic markers, working
memory and decision making. Cogn. Affect. Behav. Neurosci. 2, 341–353.
doi: 10.3758/cabn.2.4.341

Kahneman, D. (2011). Thinking, Fast and Slow. New York, NY: Farrar, Straus and
Giroux.

Konstantinidis, E., and Shanks, D. R. (2014). Don’t bet on it! Wagering as a
measure of awareness in decision making under uncertainty. J. Exp. Psychol.
Gen. 143, 2111–2134. doi: 10.1037/a0037977

Lighthall, N. R., Mather, M., and Gorlick, M. A. (2009). Acute stress increases sex
differences in risk seeking in the balloon analogue risk task. PLoS One 4:e6002.
doi: 10.1371/journal.pone.0006002

Lovallo, W. R. (2016). Stress and Health: Biological and Psychological Interactions.
London: Sage publications.

Maia, T. V., and McClelland, J. L. (2004). A reexamination of the evidence for
the somatic marker hypothesis: what participants really know in the Iowa
gambling task. Proc. Natl. Acad. Sci. U S A 101, 16075–16080. doi: 10.1073/pnas.
0406666101

Frontiers in Behavioral Neuroscience | www.frontiersin.org 9 September 2018 | Volume 12 | Article 217

https://doi.org/10.1038/nrn2648
https://doi.org/10.1016/j.geb.2004.06.010
https://doi.org/10.1016/j.geb.2004.06.010
https://doi.org/10.1016/0010-0277(94)90018-3
https://doi.org/10.1093/cercor/10.3.295
https://doi.org/10.1093/cercor/10.3.295
https://doi.org/10.1016/j.bandc.2004.08.015
https://doi.org/10.1016/j.bandc.2004.08.015
https://doi.org/10.1080/13803390500507196
https://doi.org/10.3389/fpsyg.2013.00665
https://doi.org/10.1093/scan/nsq041
https://doi.org/10.1098/rstb.1996.0125
https://doi.org/10.1016/j.cognition.2007.06.002
https://doi.org/10.3758/CABN.10.2.208
https://doi.org/10.1016/j.tics.2003.08.012
https://doi.org/10.1016/j.bandc.2005.09.011
https://doi.org/10.3389/fpsyg.2013.00687
https://doi.org/10.1257/089533005775196732
https://doi.org/10.1080/13546780903395748
https://doi.org/10.1080/13546780903395748
https://doi.org/10.1111/j.2044-8295.1996.tb02612.x
https://doi.org/10.1111/j.2044-8295.1996.tb02612.x
http://www. afhayes.com/public/process2012.pdf
http://www. afhayes.com/public/process2012.pdf
https://doi.org/10.3758/cabn.2.4.341
https://doi.org/10.1037/a0037977
https://doi.org/10.1371/journal.pone.0006002
https://doi.org/10.1073/pnas.0406666101
https://doi.org/10.1073/pnas.0406666101
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Simonovic et al. IGT: Eye-Tracking Under Stress

Maia, T. V., and McClelland, J. L. (2005). The somatic marker hypothesis: still
many questions but no answers. Response to Bechara et al. Trends Cogn. Sci. 9,
162–164. doi: 10.1016/j.tics.2005.02.006

Margittai, Z., Strombach, T., van Wingerden, M., Joéls, M., Schwabe, L., and
Kalenscher, T. (2015). A friend in need: time-dependent effects of stress on
social discounting in men. Horm. Behav. 73, 75–82. doi: 10.1016/j.yhbeh.2015.
05.019

Miu, A. C., Heilman, R. M., and Houser, D. (2008). Anxiety impairs decision-
making: psychophysiological evidence from an Iowa Gambling Task. Biol.
Psychol. 77, 353–358. doi: 10.1016/j.biopsycho.2007.11.010

Newell, B. R., and Shanks, D. R. (2014). Unconscious influences on
decision making: a critical review. Behav. Brain Sci. 37, 1–19.
doi: 10.1017/S0140525X12003214

Ononaiye, M. S. P., Turpin, G., and Reidy, J. G. (2007). Attentional bias in
social anxiety: manipulation of stimulus duration and social-evaluative anxiety.
Cognit. Ther. Res. 31, 727–740. doi: 10.1007/s10608-006-9096-8

Petzold, A., Plessow, F., Goschke, T., and Kirschbaum, C. (2010). Stress reduces
use of negative feedback in a feedback-based learning task. Behav. Neurosci.
124, 248–255. doi: 10.1037/a0018930

Preacher, K. J., and Hayes, A. F. (2004). SPSS and SAS procedures for estimating
indirect effects in simple mediation models. Behav. Res. Methods Instrum.
Comput. 36, 717–731. doi: 10.3758/bf03206553

Preacher, K. J., and Hayes, A. F. (2008). Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models. Behav.
Res. Methods 40, 879–891. doi: 10.3758/brm.40.3.879

Preston, S. D., Buchanan, T. W., Stansfield, R. B., and Bechara, A. (2007). Effects
of anticipatory stress on decision-making in a gambling task. Behav. Neurosci.
121, 257–263. doi: 10.1037/0735-7044.121.2.257

Reimann, M., and Bechara, A. (2010). The somatic marker framework as a
neurological theory of decision-making: review, conceptual comparisons and
future neuroeconomics research. J. Econ. Psychol. 31, 767–776. doi: 10.1016/j.
joep.2010.03.002

Reyes, G., Silva, J. R., Jaramillo, K., Rehbein, L., and Sackur, J. (2015).
Self-knowledge dim- out: stress impairs metacognitive accuracy. PLoS One
10:e0132320. doi: 10.1371/journal.pone.0138260

Robinson, O. J., Bond, R. L., and Roiser, J. P. (2015). The impact of threat of
shock on the framing effect and temporal discounting: executive functions
unperturbed by acute stress? Front. Psychol. 6:1315. doi: 10.3389/fpsyg.2015.
01315

Roelofs, K., Bakvis, P., Hermans, E. J., van Pelt, J., and van Honk, J. (2007). The
effects of social stress and cortisol responses on the preconscious selective
attention to social threat. Biol. Psychol. 75, 1–7. doi: 10.1016/j.biopsycho.2006.
09.002

Sapolsky, R. M. (2000). The possibility of neurotoxicity in the hippocampus in
major depression: a primer on neuron death. Biol. Psychiatry 48, 755–765.
doi: 10.1016/s0006-3223(00)00971-9

Schwabe, L., and Wolf, O. T. (2009). Stress prompts habit behavior in humans.
J. Neurosci. 29, 7191–7198. doi: 10.1523/JNEUROSCI.0979-09.2009

Schwabe, L., and Wolf, O. T. (2011). Stress-induced modulation of instrumental
behavior: from goal-directed to habitual control of action. Behav. Brain Res.
219, 321–328. doi: 10.1016/j.bbr.2010.12.038

Schwabe, L., and Wolf, O. T. (2013). Stress and multiple memory systems: from
thinking to doing. Trends Cogn. Sci. 17, 60–68. doi: 10.1016/j.tics.2012.12.001

Simonovic, B., Stupple, E. J. N., Gale, M., and Sheffield, D. (2017a). Stress and risky
decision making: cognitive reflection, emotional learning or both. J. Behav.
Decis. Mak. 30, 658–665. doi: 10.1002/bdm.1980

Simonovic, B., Stupple, E. J. N., Gale, M., and Sheffield, D. (2017b). ‘‘Pupil dilation
and cognitive reflection as predictors of performance on the iowa gambling
task,’’ in Proceedings of the 39th Annual Conference of the Cognitive Science
Society, Cognitive Science Society, eds G. Gunzelmann, A. Howes, T. Tenbrink,
and E. J. Davelaar (Cambridge, MA: Cognitive Science Society), 3180–3185.

Sposari, J. A., and Rapee, R. M. (2007). Attentional bias toward facial stimuli
under conditions of social threat in socially phobic and nonclinical participants.
Cognit. Ther. Res. 31, 23–37. doi: 10.1007/s10608-006-9073-2

Starcke, K., Agorku, J. D., and Brand, M. (2017). Exposure to unsolvable anagrams
impairs performance on the Iowa Gambling Task. Front. Behav. Neurosci.
11:114. doi: 10.3389/fnbeh.2017.00114

Stupple, E. J. N., Pitchford, M., Ball, L., Hunt, T. E., and Steel, R. (2017). Slower
is not always better: response-time evidence clarifies the limited role of miserly
information processing in the cognitive reflection test. PLoS One 12:e01864.
doi: 10.1371/journal.pone.0186404

Toplak, M. E., West, R. F., and Stanovich, K. E. (2014). Assessing miserly
information processing: an expansion of the cognitive reflection test. Think.
Reason. 20, 147–168. doi: 10.1080/13546783.2013.844729

van den Bos, R., Harteveld, M., and Stoop, H. (2009). Stress and decision making
in humans: performance is related to cortisol reactivity, albeit differentially
in men and women. Psychoneuroendocrinology 34, 1449–1458. doi: 10.1016/j.
psyneuen.2009.04.016

Wemm, S. E., and Wulfert, E. (2017). Effects of acute stress on decision making.
Appl. Psychophysiol. Biofeedback 42, 1–12. doi: 10.1007/s10484-016-9347-8

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Simonovic, Stupple, Gale and Sheffield. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 10 September 2018 | Volume 12 | Article 217

https://doi.org/10.1016/j.tics.2005.02.006
https://doi.org/10.1016/j.yhbeh.2015.05.019
https://doi.org/10.1016/j.yhbeh.2015.05.019
https://doi.org/10.1016/j.biopsycho.2007.11.010
https://doi.org/10.1017/S0140525X12003214
https://doi.org/10.1007/s10608-006-9096-8
https://doi.org/10.1037/a0018930
https://doi.org/10.3758/bf03206553
https://doi.org/10.3758/brm.40.3.879
https://doi.org/10.1037/0735-7044.121.2.257
https://doi.org/10.1016/j.joep.2010.03.002
https://doi.org/10.1016/j.joep.2010.03.002
https://doi.org/10.1371/journal.pone.0138260
https://doi.org/10.3389/fpsyg.2015.01315
https://doi.org/10.3389/fpsyg.2015.01315
https://doi.org/10.1016/j.biopsycho.2006.09.002
https://doi.org/10.1016/j.biopsycho.2006.09.002
https://doi.org/10.1016/s0006-3223(00)00971-9
https://doi.org/10.1523/JNEUROSCI.0979-09.2009
https://doi.org/10.1016/j.bbr.2010.12.038
https://doi.org/10.1016/j.tics.2012.12.001
https://doi.org/10.1002/bdm.1980
https://doi.org/10.1007/s10608-006-9073-2
https://doi.org/10.3389/fnbeh.2017.00114
https://doi.org/10.1371/journal.pone.0186404
https://doi.org/10.1080/13546783.2013.844729
https://doi.org/10.1016/j.psyneuen.2009.04.016
https://doi.org/10.1016/j.psyneuen.2009.04.016
https://doi.org/10.1007/s10484-016-9347-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	Performance Under Stress: An Eye-Tracking Investigation of the Iowa Gambling Task (IGT)
	INTRODUCTION
	Stress

	MATERIALS AND METHODS
	Participants
	Materials
	Stress Manipulation
	Physiological Measurement
	Conscious Awareness Test
	Eye Tracking Measurements
	IGT
	CRT
	Procedure
	Analytic Strategy and Scoring


	RESULTS
	Manipulation Checks
	IGT Performance—Deck Selection Analysis
	Correlations Between CRT and IGT by Block
	Deck Inspection-Time Analyses
	Conscious Awareness of Deck Quality
	Path Analyses of Determinants of IGT Performance

	DISCUSSION
	Manipulation Check and IGT Performance
	CRT Results
	Inspection Time
	Conscious Awareness
	Path Analysis

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	REFERENCES


