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Abstract

The lowa Gambling Task (IGT) is one of the most prominent paradigms employed for the assessment of risk taking in
the laboratory, and it was shown to distinguish between various patient groups and controls. The present study was
conducted to test the psychometric characteristics of the original IGT and of a new gambling task variant for assessing
individual differences. Two studies were conducted with adults of the general population (n = 220) and with adolescents
(n = 389). Participants were also tested on multiple measures of working memory capacity, fluid intelligence, personality
traits associated with risk-taking behavior, and self-reported risk taking in various domains. Both gambling tasks had only
moderate retest reliability within the same session. Moderate relations were obtained with cognitive ability. However, card
selections in the gambling tasks were not correlated with personality or risk taking. These findings point to limitations of

IGT type gambling tasks for the assessment of individual differences in risky decision making.
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Since its introduction in 1994, the Iowa Gambling Task
(IGT; Bechara, Damasio, Damasio, & Anderson, 1994) has
become one of the most popular research tools for investi-
gating risky decision making in the laboratory. The task dis-
tinguishes various patient groups from controls (Buelow &
Suhr, 2009), and a manual was published (Bechara, 2007)
suggesting the use of the IGT for assessment purposes. The
aim of the present study was to test the suitability of the IGT
as an individual differences measure of risk taking. We also
tested a task variant designed to reduce some of the concep-
tual challenges of the original task. Psychometric properties
were tested for both task versions. This included the inves-
tigation of retest reliability and of convergent and discrimi-
nant validity with cognitive abilities, relevant personality
variables, and risk-taking behavior.

Measurement Intention and Procedure

Assessing Complex Decision Making in the
Laboratory

The construction of the IGT was motivated by the study
of patients with lesions in the ventromedial prefrontal
cortex. These patients frequently displayed major deficits
in real-world decision making, showing short-sighted and
risk-taking behavior (Bechara & Damasio, 2002; Bechara,

Dolan, & Hindes, 2002), while neuropsychological tests
revealed that their declarative memory and abstract rea-
soning was often in the normal range. Hence, there
appeared to be a demand for a standardized laboratory
paradigm that is sensitive to the observed decision-mak-
ing deficits in complex and ambiguous situations. The
IGT was designed to this end by mimicking core require-
ments of real-world decision making: Response options
are probabilistically associated with gains and losses, and
participants have to learn through experience sampling
which options best serve long-term goals (Bechara,
Damasio, & Damasio, 2000; Bechara et al., 1994). Today,
the use of the IGT is no longer confined to the study of
patients with ventro-medial prefrontal cortex lesion. The
task has been employed to study decision making in
diverse populations (Bechara, 2007; Buelow & Suhr,
2009), including persons with other focal brain lesions,
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healthy older adults, individuals with substance addic-
tion, pathological gambling, schizophrenia, obsessive-
compulsive disorder, anorexia nervosa, obesity, chronic
pain, ADHD, aggression disorders, affective disorders,
and Huntington’s disease (see Buelow & Suhr, 2009, for
a review). Additionally, the role of the IGT is no longer
confined to be an experimental paradigm for basic
research. With the introduction of a test manual (Bechara,
2007), it is suggested that the IGT is suited for applied
assessment purposes.

Procedure and Scoring of the IGT

The IGT is a card-selection paradigm in which participants
draw cards from four decks (A—D) that are associated with
monetary gains and, occasionally, with losses. Deck expec-
tancies are initially unknown and have to be learned from
experience (Hertwig & Erev, 2009; Mata, Josef, Samanez-
Larkin, & Hertwig, 2016). In the classical version of the
IGT (Bechara et al., 1994), selecting a card from Decks A or
B results in a fixed gain of $100, whereas choosing a card
from Decks C and D results in a fixed gain of $50. However,
occasionally, card selections result in an additional loss that
can outweigh the gain. The proportion of loss trials varies
across decks: Decks A and C comprise losses in 5 out of 10
selections, whereas Decks B and D comprise losses in only
1 out of 10 selections. Additionally, losses differ in magni-
tude. Consequently, the four decks have different long-term
expectancies: In the long run, Decks A and B (with the con-
stant high gain) will lead to an average net loss of § —25,
whereas Decks C and D (with the constant low gain) will
lead to an average net gain of $25. Participants are instructed
that they can choose cards from any deck to maximize their
long-term net gain.

Different scores, reflecting different aspects of task per-
formance, can be computed for the IGT. The most impor-
tant performance indicator is the total amount of money
won across all trials, or the proportion of selections from
winning decks. Additionally, the learning of contingencies
across trials can be investigated by inspecting performance
improvements across trials. To this end, the available trials
are usually split post hoc into blocks, and the proportion of
selections from advantageous decks is compared across
these blocks. Normative performance data can be obtained
in the IGT manual for the total number of trials as well as
for five successive blocks of trials (cf. Bechara, 2007).

Psychometric Characteristics

The IGT was originally developed for comparison between
patient groups, and only a few studies, some of which with
an only moderate sample size, addressed the psychometric
characteristics of the task from an individual differences
perspective. Some previous studies report satisfactory retest

reliability within one session in the magnitude of » = .60
(Lejuez et al., 2003, based on N = 60 undergraduate stu-
dents), and 2-week retest reliabilities within the range of r =
.35 to r=.65 (Xu, Korczykowski, Zhu, & Rao, 2013, based
on N =40 students). It is more difficult to evaluate the valid-
ity of the task, as this requires making explicit what the task
purports to measure and testing its correlations with inde-
pendent measures of these constructs. This endeavor is
demanding for the IGT as the task was conceived as a “mul-
titrait task” (Gansler, Jerram, Vannorsdall, & Schretlen,
2011), because a number of factors may contribute to deci-
sion-making deficits. This comprises both cognitive impair-
ments and risk-taking personality traits, and these two
groups of variables may affect card selections in different
phases. It was argued that learning is relevant in an earlier
exploration phase, while preferential risk taking comes into
play at a later exploitation phase when deck-contingencies
have been sufficiently discovered (Brand, Recknor,
Grabenhorst, & Bechara, 2007).

Performance in learning tasks can be expected to be
related with working memory capacity (WMC) and fluid
intelligence. Confirming these predictions, moderate rela-
tions of IGT performance with cognitive functioning were
reported in a number of studies (Beitz, Salthouse, & Davis,
2014; Cauffman et al., 2010; Toplak, Sorge, Benoit, West,
& Stanovich, 2010). However, findings concerning rela-
tions with risk taking or impulsive personality traits are
mixed, either supporting at least some correlations (e.g.,
with lack of premeditation; Zermatten, Van der Linden, d
‘Acremont, Jermann, & Bechara, 2005) or disconfirming
relations with any of the scales (Bayard, Raffard, & Gely-
Nargeot, 2011). Some research supports the predicted rela-
tions with behavioral activation and behavioral inhibition as
broad personality factors (van Honk, Hermans, Putman,
Montagne, & Schutter, 2002), whereas other research sup-
ports only relations with some of the behavioral activation
subscales (e.g., “drive” in Buelow & Suhr, 2013; “reward
responsiveness” in Franken & Muris, 2005; “fun seeking”
in Suhr & Tsanadis, 2007).

Psychometric Challenges of the IGT

Some of the documented psychometric challenges of the
IGT may result from conceptual and design features (Brand
et al., 2007; Buelow & Suhr, 2009; Dunn, Dalgleish, &
Lawrence, 2006; Horstmann, Villringer, & Neumann, 2012;
Steingroever, Wetzels, Horstmann, Neumann, &
Wagenmakers, 2012; Tomb, Hauser, Deldin, & Caramazza,
2002), briefly reviewed next.

Task Difficulty. The 1GT is very difficult, such that many
healthy young participants perform at floor level (Steingro-
ever et al., 2012). Therefore, poor IGT performance per se
is not indicative of impaired decision-making abilities.
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Table I. Characteristics of the lowa Gambling Task (IGT) and Berlin Gambling Task (BGT).

IGT Decks BGT Decks
A B C D A B C D
Bad Deck, Bad Deck, Good Deck, Good Deck, Bad Deck, Bad Deck, Good Deck, Good Deck,
Frequ. Losses Infr. Losses Frequ. Losses Infr. Losses Low Variab. High Variab. High Variab. Low Variab.
Const. gain/trial 100 100 50 50 — — — —
% Losses 50 10 40 10 60 60 40 40
Expectancy (M) -25 -25 25 25 —-40 —-40 40 40
Variability (SD) 142 395 29 79 150 301 299 151
Skewness -0.46 -3.16 -0.54 -3.16 0.31 0.50 -0.27 0.01
Kurtosis -1.65 10.00 -1.39 10.00 -1.28 -0.91 -1.09 -0.41

Note. Const. gain/trial = gain in each trial from which loss is subtracted in case of loss trials; Expectancy = mean gain after 10 card selections; frequ./infr.
losses = frequent/infrequent losses (corresponding with % losses of the respective decks).

Confounding of Expectancies With Skew of the Outcome Distri-
butions. Decks do not only differ in their expectancy but
also in their outcome variability and the skew of the out-
come distribution. These skewed outcome distributions are
responsible for the weak correspondence of proportions of
winning decks with deck expectancy across decks (Spear-
man’s p = .24). Even university students appear to select
cards based on gain frequency, thereby ignoring the actual
magnitude of the gain and loss experiences (Horstmann
et al., 2012; Steingroever et al., 2012).

Lack of Separation of Exploration and Exploitation Phase. It
was argued that at some point participants switch from an
exploration to an exploitation mode during card selection
(Bechara et al., 1994; Brand et al., 2007). Individuals may
differ in when they switch strategy, and there may be no
clear transition point between both phases (Steingroever
et al., 2012). Consequently, a card selections at any particu-
lar trial may be governed by completely different processes
across participants.

Changing Expectancies Across Card Selections. Participants
can only estimate deck quality based on their previous
experiences (Colombetti, 2008). The large variability in the
outcome distributions results in considerable fluctuations in
deck expectancies over time. As the order of selected cards
will differ between participants, the experiences they can
use to infer the deck expectancies will differ, too. As a con-
sequence, task difficulty (i.e., to identify the most promis-
ing deck at a particular trial) may vary considerably across
participants, introducing measurement noise.

A Possible Solution: The Berlin Gambling Task

Some of the problems with the IGT could be alleviated by
generating more appropriate outcome distributions while
keeping the general task requirements comparable with that

of the original IGT (i.e., learning the quality of response
options from their probabilistic outcomes). We sought to do
this by developing a task variant that avoids some of the
discussed problems, the Berlin Gambling Task (BGT).

One aim of the BGT was to dissociate possible effects of
the quality of decision making from the riskiness of deci-
sion making. To this end, net outcomes (i.e., long-term
expectancies) and variability of the decks vary orthogonally
(see Table 1), yielding two orthogonal scores, one reflecting
the quality of decisions by the degree to which a person
preferred winning over losing decks, and the other reflect-
ing the riskiness of decisions by the degree to which a per-
son preferred high-variability over low-variability decks.
Another aim of the BGT was to reduce the difficulty of the
gambling task to a more diagnostic level. Hence, gains and
losses were integrated into one net outcome per trial to
reduce the need for calculations. As net outcomes were nor-
mally distributed around the deck means, the proportions of
gains corresponded with the expectancies of the decks (see
Table 1, right half). Additionally, heavy fluctuations of
experienced outcomes were avoided in the precompiled
lists of deck outcomes.

Finally, we sought to reduce the challenges associated
with individual differences in the order of card selections.
Specifically, both tasks started with a learning phase of 40
trials in which the computer chose cards in a precompiled
sequence. This guaranteed that all participants saw an
identical sample of card selections that is representative
of the deck contingencies prior to taking their first choice.
Previous studies have shown that 40 trials suffice to gain
sufficient insight into deck contingencies (Bowman,
Evans, & Turnbull, 2005; Brand et al., 2007; Cella,
Dymond, Cooper, & Turnbull, 2007; Maia & McClelland,
2004). These 40 trials were considered to be a guided
exploration phase. The next 60 trials allowed exploita-
tion, and participants could select from the four decks on
their own.
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Study I: A Comparison of the lowa
Gambling Task and the Berlin
Gambling Task

Aims of Study |

Study 1 aimed to investigate the psychometric properties of
both task variants. We tested whether the procedural modi-
fications in the BGT reduced difficulty in the BGT and
whether these modifications improved its psychometric
characteristics. Building on the prediction that both learn-
ing and risk-taking play a role in the gambling tasks
(Bechara et al., 1994; Brand et al., 2007), we tested relation-
ships with WMC, which was previously shown to be a
strong predictor of learning rate (Lewandowsky, 2011;
Tamez, Myerson, & Hale, 2012). Additionally, we investi-
gated relations with a set of broad impulsive traits and self-
reported risk-taking in various real-life domains.

Method

Sample and Procedure. The gambling tasks were adminis-
tered as part of a larger research project on cognitive con-
flicts and WMC (Wilhelm, Hildebrandt, & Oberauer, 2013).
This is the first study addressing the gambling tasks. All
data from the first wave of data collection were used in the
current analyses, comprising N = 220 research volunteers
(122 female). Participants were recruited by flyers and
information in local print media. Their mean age was 27.4
years (SD = 5.0; range = 18-35 years), and they had diverse
professions, ranging from skilled workers to academics.
Each gambling task was administered twice as part of a
larger computerized battery comprising also measures of
WMC and self-report questionnaires. Data were collected
in groups of up to 10 participants on two consecutive days
for each person. On each day, there were two 1.5 hour ses-
sions with eight and nine short experimental tasks in a fixed
order, separated by a long break. All gambling tasks were
presented on the second day. All participants signed
informed consent prior to participation. They received 40
Euros as a fixed compensation. Additionally, they could
win more money depending on their gains in the gambling
tasks (the value of their virtual account was divided by
1,000 and remunerated in Euros).

lowa Gambling Task. Four piles of cards were displayed on
the monitor, front sides facing down. On selection by
mouse-click, the gain and an occasional loss of the selected
card was displayed below the deck. All participants started
with a virtual account of 500 Euros, and the current state of
their account was displayed above the card decks in the
center of the screen. There was also a counter that informed
the participants how many cards they had selected so far.
The current version of the gambling task comprised a

guided exploration phase of 40 trials and an active card-
selection phase of 60 trials. In the exploration phase, par-
ticipants could only press a “continue” button, and the
program selected a card for them. Instructions for the
exploration phase emphasized that participants should pay
attention to the outcomes in order to detect which were the
better and which were the worse card decks. The sequence
of card selections strictly followed an ABCD scheme in the
guided exploration phase. The gain and occasional loss
outcomes followed the scheme given by Bechara et al.
(1994). At the beginning of the active card selection phase,
participants’ virtual accounts were reset to 500 Euros.
Instructions for the active selection phase emphasized to
select cards from profitable decks in order to gain money,
and to avoid losing money. The actual positions of the four
decks in the IGT were randomly determined when the par-
adigm was started. Consequently, the positions of good and
bad decks were likely to change from the first to the second
administration of the task, and participants were explicitly
informed about this fact. For the correlational analyses, we
computed one outcome score for the IGT: the proportion of
card choices from winning decks (i.e., decks with positive
expectancy).

Berlin Gambling Task. The procedure of the BGT was largely
comparable with that of the classical IGT, with the major
difference that outcome sequences were more balanced to
avoid large fluctuations in deck experiences across card
selections. Differently from the IGT, there was only one
outcome information displayed beneath the selected card
deck. The outcomes were drawn from normal distributions
with the means and standard deviations given in Table 1.
There was also a guided exploration phase of 40 trials, fol-
lowed by an active card-selection phase of 60 trials. The
positions of card decks were counterbalanced and randomly
determined at the beginning of each task administration. We
computed two orthogonal scores for the BGT: The first
reflected the proportion of card choices from winning
decks, and the second reflected the proportion of card
choices from risky decks (i.e., decks with high variability).

Estimates of Deck Benefit. Participants were asked twice in
each gambling task to enter their estimates of the net expec-
tancies of each deck, once after the exploration phase and
once after completing the selection phase. Estimates do not
need to be accurate in absolute terms in order to select cards
from winning decks. It is sufficient if winning decks are esti-
mated clearly more beneficial than losing decks. Therefore,
estimates of the four decks were standardized (Z transformed)
within participant and measurement occasion. We calculated
a score indexing the relative preference for winning decks
over losing decks (i.e., positive values indicated that winning
decks were rated as more beneficial) (Formula 1).
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Preference for winning decks :
PrefWin = ((z(c)+Z(D))—(Z(A)+Z(B))) M

From the estimates of card expectancies in the BGT we
could calculate a second, orthogonal score indexing the
preference for variable over less variable decks (i.e., posi-
tive values indicated that variable decks were rated as more
beneficial) (Formula 2).

Preference for risky decks :

PrefRisk = ((2(B)+2(C))~(2(4)+z(p)))
Working Memory Capacity. The battery comprised a set of
typical WMC tasks, including (1) binding, (2) updating, and
(3) simultaneous storage and processing tasks. All task
types were administered with three different sets of materi-
als (e.g., letters, numbers, figures, etc.). Partial credit scores
(Conway et al., 2005) were computed for each task, then
they were standardized and aggregated into composite
scores for each task type for the psychometric analyses.

Impulsive Personality Traits and Risk Taking. Most contempo-
rary taxonomies conceptualize impulsivity as a multifaceted
construct. We assessed four broad factors identified by Whi-
teside and Lynam (2001), namely urgency (U), lack of pre-
meditation (P), lack of perseverance (P), and sensation
seeking (S). In the present study, we used the German adap-
tation of the UPPS (Keye, Wilhelm, & Oberauer, 2009).
Additionally, we included the Domain-Specific Risk-Taking
scales (DOSPERT; Blais & Weber, 2006; German adapta-
tion by Johnson, Wilke, & Weber, 2004), assessing self-
reported risky activities and behaviors across five general
domains.

Data Analysis. The data were analyzed with R (R Core
Team, 2016). All gambling data were complete, but WMC
data from three participants were lost and seven self-report
questionnaires were missing. These data were imputed with
the R package Amelia II (Honaker, King, & Blackwell,
2011), which uses a bootstrapping-based algorithm for mul-
tiple imputation, and results were found to be highly com-
parable across 10 imputations. The psychometric analyses
were conducted with the R package psych (Revelle, 2015).
Moderated growth models across blocks of card selections
were estimated with the generalized estimating equations
solver geepack for R (Hgjsgaard, Halekoh, & Yan, 2006).
Variables were centered and standardized to this end.

Results

To start with, we investigated card selections across blocks
in the IGT and in the BGT (see Figure 1). In the IGT, par-
ticipants showed a strong preference for the decks with

infrequent losses (unfilled points) relative to decks with
more frequent losses (filled points) irrespective of the
long-term expectancies of the respective decks. In con-
trast, in the BGT, participants preferred the decks with a
positive expectancy (black icons) over the decks with neg-
ative expectancy (red icons) right from the beginning.
Additionally, the preference to select advantageous decks
and to avoid disadvantageous decks was more pronounced
for the decks with low variability, relative to the decks
with highly variable outcomes.

A similar picture arose for the ratings of deck benefit.
The proportions of participants rating advantageous decks
as more beneficial than disadvantageous decks were 47%
and 61% in the first and in the second administration of
the IGT, respectively. In the BGT, these rates were 64%
and 66%, respectively. Only a minority of participants
(32% and 35% in the first and in the second BGT admin-
istration, respectively) estimated risky (variable) decks as
more beneficial.

Next, we tested the reliability of the scores derived from
the gambling tasks. As card selections in sequential learning
tasks are not independent, estimates of internal consistency
calculated from individual card selections (e.g., split-half
reliability or Cronbach’s alpha) overestimate reliability.
Therefore, we used the correlation of task scores across the
two task administrations within the same session (separated
by ca. 1 hour) as an estimate of retest reliability. As can be
seen in the diagonal of Table 2, retest reliability was only
moderate. In fact, higher correlations were observed
between participants’ estimates of card expectancies and
their actual card selections in the same task. Cross-task cor-
relations between IGT and BGT were very moderate for the
expectancy estimates as well as for actual selections.
Additionally, the BGT scores capturing task performance
(preference for winning decks) and riskiness (preference for
variable decks) were virtually independent.

To investigate validity, standardized gambling scores
were aggregated across measurement occasions to increase
their reliability. Additionally, we computed scores for the
first and for the second half of the selection phase to test
differential correlation patterns for an exploration and an
exploitation phase. Moreover, we report correlations for the
proportions of selections from each deck to trace the sources
of possible relations (see Table 3).

The gambling performance scores were moderately cor-
related with all indicators of WMC. A closer look at the
individual deck selections suggests that this correlation was
primarily driven by more able participants avoiding the los-
ing Deck A, and less by them selecting the winning Deck D.
Selections from the other decks were not consistently cor-
related with WMC. If anything, selections from winning
decks tended to be more highly related with WMC in the
second half of the selection phase compared with the first
half. There was no relation of the gambling risk-taking
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Figure I. Study |: Card selections in the lowa Gambling Task (IGT) and the Berlin Gambling task (BGT).

Note. Trials of the test phase were split into four blocks, and frequencies of card selections are displayed separately for Decks A to D: Black and red
lines indicate decks with a positive and negative expectancy, respectively. In the IGT, broken and continuous lines stand for decks with infrequent and
frequent losses, respectively. In the BGT, broken and continuous lines stand for decks with high and low outcome variability, respectively. (tl) and (t2)
indicate the first and second measurement occasion. The chance level is .25.

Table 2. Study I: Intercorrelations of lowa Gambling Task (IGT) and Berlin Gambling Task (BGT) Scores.

IGT: Winning Decks BGT: Winning Decks BGT: Risky Decks
Estimates Selections Estimates Selections Estimates Selections
IGT: Winning decks
e Estimates (.28%F)
e Selections A49F* (.:36™%)
BGT: Winning decks
e Estimates .10 .10 (.15%)
e Selections 14 A7* 40%F (-44%F)
BGT: Risky decks
e Estimates .09 A7+ .07 -07 (.15%)
e Selections .02 24%F .09 -.08 545k (.10)

Note. Winning decks = proportion of cards selected from decks with a positive expectancy; Risky decks = proportion of cards selected from decks
with high variability in outcomes; Estimates = participant’s relative predicted outcomes; Selections = proportion of cards actually selected. All scores
are compound scores averaging standardized scores of the first and second task administration. Estimates after the exploration phase and after
selection phase were additionally averaged for simplicity. Retest reliability is displayed in the diagonal.

*p <.05. **p < .0l.

score (i.e., preference for variable decks) from the BGT Given that WMC was found to be correlated with selec-
with any of the WMC indicators. Finally, there were no sub- tions from winning decks, the question arises whether par-
stantial relations of gambling scores with impulsive person- ticipants with high WMC already started at a higher level

ality traits or of self-reported risk taking. after the guided exploration phase, for comparison between
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Table 3. Study I: Correlations of IGT/BGT Scores With Working Memory Capacity, Impulsivity, and Risk Taking.

Working Memory Capacity Impulsivity Risk Taking
BIN UPD CSP URG PRE PER SEN BEHV PERC UTIL

Working memory capacity

e Binding (BIN) (.75)

e Updating (UPD) .70%* (.79)

e Complex span (CSP) .68% 76* (.79)

Impulsivity

e Urgency (URG) -.16* -.29*% -.26% (.64)

e Premeditation (=) (PRE) .00 -0l -.04 26* (.70)

e Perseverence (-) (PER) Al -.06 .00 .35% 16* (.81)

e Sensation seeking (SEN) -.06 -1 -.08 25% 1 20% (.73)

Risk taking

e Behavior (BEHV) -.03 -.10 -.06 27% 16* A7 59% (.63)

e Perception (-) (PERC) .06 .02 .0l .09 16* .07 23%* 49* (.62)

e Utility UTIL A3F 12 .07 9% .07 A7 34% 57% 33 (.52)

Gambling tasks (IGT/BGT)

e Winning decks
o Estimates A7%.30% 16%1.27% 15%.32% —=12/-12  -.13%.02 .03/.10 .10/.10 .05/.12 .08/.14* .10/.15%
o Selections total A8%.19% A7%.20% 16%1.22% =.10/-.11 -.12/-.03  -.03/.01 .02/.03 .02/.09 -.01/.12 .107.20%*
o Selections first half 10/.17% .10/.15% .10/.16* -.07/-.04 -.10/-.02 -.017.07 .02/.05 .00/.09 -.03/.09 .08/.19%
o Selections second half 21%.18% 21%.21% 18%.24* -.10/-.15%  -.11/-03 -.05/-.05 .01/.00 .03/.08 .00/.12 10/.17%

e Risky decks
o Estimates —1.02 —/=.12 —/-.12 —/.08 —/.10 —/.06 —1.05 —/.06 —/.16* —/.08
o Selections total —/.08 —/-.04 —/.01 —/.06 —/.03 —/.14* —/.06 —/.07 —/.09 —/.13
o Selections first half —1.02 —/-.04 —/.00 —/.04 —/.06 —/.13 —1.09 —/.05 —1.09 —/.09
o Selections second half —/.12 —/-.03 —/.02 —/.06 —/=.01 —/.12 —/.03 —/.07 —/.08 —.14*

e Specific decks
o Deck A —32%/-21%  =33%-19%  —34%-21% 1703 .05/.06 -.05/-.06 .06/-.02 .03/-.04 -.03/-.09 -.14%-.16*
o DeckB -.03/-.10 -.02/-.12 .00/-.14* .05/.04 11/-.01 .05/.04 -.04/-.02  -.03/-.11 .03/-.10  —.04/-.15*
o DeckC .04/.15% -.06/.04 -.02/.10 .04/.03 -.20%/.04 .03/.12 .14%1.08 2%.14%  -03/.16* .06/.22*
o DeckD .15%.04 206 14% A7%.10 = 14%-.13 .03/-.05 -.06/-.10 -.08/-.05 -.13%/-.04 .01/-.04 .06/-.03

Note. IGT = lowa Gambling Task; BGT = Berlin Gambling Task; Winning decks = proportion of cards selected from decks with a positive expectancy; Risky decks =
proportion of cards selected from decks with high variability in outcomes; Estimates = participant’s relative predicted outcomes; Selections = proportion of cards actually
selected. Some variables were inverted (-), so that high scores in all criterion variables indicate impulsive/risk-taking tendencies. Their reliabilities (McDonald’s omega)
are displayed in the diagonal. All IGT/BGT scores are compound scores, averaging standardized scores of the first and second task administration. Their reliabilities and

correlations are given in Table 2.
*p <.05.

patient groups, or whether they had steeper learning rates in
the active selection phase, or both (see Figure 2). This was
tested by conducting mixed-effects regression analyses,
which allows investigating simultaneously effects in the
intercept and in the slope. The probability of selecting a win-
ning deck in each of the four blocks of the gambling tasks
was entered as a dependent variable, collapsed across both
measurement occasions. Predictors were the ordinal position
of the block (1 to 4), a WMC composite score based on all
standardized WMC indicators, and the interaction of these
two variables. Residuals of the dependent variable at the
four blocks were allowed to be correlated across partici-
pants, following a first-order autoregressive structure,
because differential learning rates would lead to higher cor-
relations of residuals of more proximal measurement points
compared with residuals at more distant measurement
points. The moderated regression for the IGT yielded a sig-
nificant effect of block (B = .17, p <.001), indicating a gen-
eral increase in task performance across blocks. There was a
significant effect of WMC (B = .14, p < .001), revealing

higher performance when WMC was high. Finally, there
was an interaction of both factors (§ = .07, p <.01), indicat-
ing a steeper increase across blocks when WMC was high.
An analogous regression for the BGT yielded similar results.
There was an effect of block (f = .08, p <.001), an effect of
WMC (B =.18, p <.001), and an interaction effect (B < .04,
p < .05). The interaction of WMC with block shows that
participants with higher WMC learn more rapidly during the
active selection phase.

Discussion

Both gambling tasks were difficult, the IGT even more so
than the BGT. In part, this may reflect that in the IGT par-
ticipants were systematically misled by gain frequencies of
the decks that do not correspond to long-term expectancies.
As expectancy and gain frequency are confounded in the
BGT, it could be speculated that participants’ preference for
favorable decks may actually be driven by perceived gain
frequency rather than expectancy (Horstmann et al., 2012).
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Figure 2. Study I|: Proportion of card selections from winning
decks in the lowa Gambling Task (IGT) and the Berlin Gambling
task (BGT).

Note. Task performance is displayed for participants with high and with
low working memory capacity (WMC) (i.e., belonging to the upper and
lower third of the WMC distribution). The “+” signs indicate the actual
frequency of choosing a winning deck at the respective ordinal position
of the card selection, smoothed by averaging across a shifting window of
I5 trials. The chance level of selecting a winning deck is .50.

However, the consistent finding that decks with larger vari-
ability were selected with intermediate frequency suggests
that outcomes were not simply recoded as “gain” or “loss.”
This variability effect implies that the outcome quantities
are somehow processed in the BGT.

The observation of correlations between estimated
expectancies and actual card selections suggests that people
have a subjective impression of the deck qualities and select
cards in accordance with their belief. At the same time, the
generally poor accuracy of these predictions and the low
retest reliability suggests that deck estimates are driven by
ad hoc beliefs in response to the sequence of events in each
test occasion, rather than reflecting stable individual differ-
ences in the ability to learn probabilistic outcomes.

Correlations of the gambling scores with variables of the
nomological network of risk taking were low, inconsistent,
and mostly nonsignificant. Only WMC was moderately
related with performance in the gambling tasks, confirming
previous findings (Beitz et al., 2014; Cauffman et al., 2010;
Toplak et al., 2010). Participants with high WMC started
already at a higher performance level after the guided
exploration phase, and they further improved more strongly
across active card selections. Apparently, participants with
higher WMC avoided card selections from the losing Deck
A, and to a lesser extent they selected more cards from the
winning Deck D. The expectancies of the other decks may
be more difficult to learn, either because their outcomes are
misleading (e.g., Deck B in the IGT, yielding only net gains

for a long time) or because of their larger outcome variabil-
ity (e.g., Decks B and C in the BGT). This supports the view
that high task difficulty contributes to the gambling tasks’
problematic validity.

Study 2: Testing More Specific
Correlates in a Sample at Elevated
Risk

Aim of Study 2

One striking result of Study 1 was the apparent absence of
meaningful correlations between risk-taking personality
variables and gambling scores. Possible explanations for
this include that risk taking may have been generally low in
that sample, or that personality measures were included that
are simply not closely related with gambling behavior.
Study 2 was designed to test these explanations.

In Study 2, we tested adolescents who we assumed to be
more likely to engage in risk-taking behavior, because this
developmental period is characterized by increased reward
seeking and sensation seeking, while inhibition and self-
control have not yet matured (Casey, Getz, & Galvan, 2008;
Harden & Tucker-Drob, 2011; Steinberg, 2010). In fact,
previous research using a modified version of the IGT that
allows estimating approach and avoidance tendencies sepa-
rately (Cauffman et al., 2010) showed that adolescents are
more approach oriented and less avoidance oriented than
adults. This, in turn, would result in more risk-taking behav-
ior as a consequence.

It is assumed that learning in gambling tasks is governed
by gain and loss experiences. The personality theory that
appears to be most closely related with such experience
learning is Reinforcement Sensitivity Theory (RST; Corr,
2008; Gray & McNaughton, 2000), and some previous
research suggests RST dimensions are related to gambling
behavior (Suhr & Tsanadis, 2007; van Honk et al., 2002).
Accordingly, sensitivity to reward and sensitivity to punish-
ment (Torrubia, Avila, & Caseras, 2008; Torrubia, Avila,
Molto, & Caseras, 2001) were assessed in the current study.
Additionally, a measure of sensation seeking (Zuckerman,
1996, 2007) was included, because high levels of sensa-
tions seeking may motivate participants to select cards from
more arousing highly variable decks (see Tomb et al., 2002).
In particular, the disinhibition subscale was shown to pre-
dict risk-taking behavior, such as gambling deviance and
substance consumption (Greene, Krcmar, Walters, Rubin,
& Hale, 2000; Roberti, 2004).

As WMC paradigms were extensively investigated in the
previous study, this time, a standard measure of fluid intel-
ligence and additionally scholastic achievement were
included. Fluid intelligence was previously shown to con-
tribute to complex problem solving (Wittmann & Suess,
1999). Scholastic achievement may be conceived as a proxy
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of (cognitive) success in the real world. As a gambling para-
digm, we decided to use only the BGT, because it avoids
some of the conceptual problems of the IGT. Additionally,
it yields independent scores for the quality and for the riski-
ness of card selections.

Method

Sample and Procedure. Data were collected at secondary
schools through class-wise group testing. For the present
analyses, all students in the critical age range of 14 to 16
years were selected from a larger student sample, yielding a
total of 389 students (207 female). Academic track schools
were oversampled (n = 272) relative to the intermediate-
track schools (n = 40) and vocational-track schools (n =77).
Written informed consent was obtained from both parents
and participants about a week prior to administration of the
study. Data were collected through class-wise group test-
ing. The multivariate test battery comprising the BGT as
well as cognitive and personality measures is described in
the following.

Cognitive Ability. The capacity (K) scale from the Berlin
Intelligence Structure test (Jager, Siif3, & Beauducel, 1997,
see Wilhelm & Schulze, 2002, for English task descrip-
tions) was administered as a paper-and-pencil test of fluid
intelligence. The K scale comprises six different subtests
and takes about 30 minutes to complete. Additionally, we
assessed scholastic achievement by averaging the grades
obtained in that last (half-year) report in seven subjects
taught at all schools according to the curriculum (i.e., Ger-
man, English, Mathematics, Biology, Chemistry, History,
and Religion/Ethics).

Self-Report Measures. Individual differences in RST dimen-
sions were assessed with the sensitivity to reward and sensi-
tivity to punishment questionnaire (SPSRQ, Torrubia et al.,
2001; Torrubia et al., 2008). A short version of the question-
naire was created based on our own previous research with
a German adaptation by selecting the 12 best-suited items
for each scale according to the simple structure of loadings
and by maximizing consistency of the scales. Sensation
seeking was assessed with an analogously shortened ver-
sion of Zuckerman’s (1996, 2007) Sensation Seeking Scales
V' (German adaptation, Beauducel, Strobel, & Brocke,
2003), comprising 12 items in total, 3 for each of the 4 sub-
factors thrill and adventure seeking, experience seeking,
boredom susceptibility, and disinhibition. General deviance
was assessed by means of a list of 15 behavioral descriptors
of minor deviant behavior, such as “I used public transpor-
tation without buying a ticket,” “I cheated in an exam,” “I
spread rumors about others,” and “I downloaded music or
films that are copyright protected.” As frequency ratings of
the items were highly correlated and loaded on one general

factor, they were averaged into one score indexing general
deviance. Finally, participants reported their consumption
of alcoholic beverages and cigarettes on an average day. All
reports were standardized and averaged into a composite
score of substance consumption. Note that these substances
are relatively easily available for adolescents, however,
their consumption is prohibited by law in the investigated
age group.

Results

Study 2 findings were highly comparable with those obtained
in Study 1. On average, the adolescents selected somewhat
less cards from winning decks (M = 0.57, SD = 0.12) than
the adults (M = 0.64, SD = 0.19) in the first administration of
the BGT in Study 1 (€ daes 47 for the group difference).
There was a moderate correlation between the ratings of
deck expectancies and the actual card selections (» = .27 for
the correlation of the winning-deck estimate and the win-
ning-deck choice score, and » = .32 for the correlation of
risky-deck estimate and risky-deck choice scores).

Correlations of gambling scores to criterion variables are
provided in Table 4. Cognitive ability was moderately
related with a preference for the winning decks, both in
terms of deck estimates as well as actual selections. Again,
this reflected that participants with high ability avoided the
losing Deck A and preferred the winning Deck D. Again,
selections from decks with high outcome variability (B and
C) were not systematically related with cognitive ability.
Personality traits were not related with card selections. The
only exception here was the narrow cluster of self-reports of
deviant behavior, comprising disinhibited behavior, (minor)
criminal offences, and substance consumption, which
revealed consistent but arguably low correlations in the pre-
dicted direction.

Discussion

Confirming predictions, task performance of the adolescents
was somewhat lower compared with that of adults on aver-
age. However, results concerning validity of the scores were
comparable with those obtained in Study 1: Cognitive abil-
ity was weakly related with a preference for wining decks. In
contrast, there were virtually no relations with personality,
and relations with self-reported deviant behavior were so
weak that meaningful predictions are not warranted.

General Discussion

This study was conducted to test the psychometric suitabil-
ity of the IGT as an individual differences measure of risk
taking. Additionally, the BGT was developed and tested as
a task variant that seeks to reduce some of the conceptual
problems of the original task version.



10

Assessment 00(0)

Table 4. Study 2: Correlations of Berlin Gambling Task (BGT) Scores With Ability, Personality, and Risk Taking.

Ability Personality Risk Taking
GF ACH PUN REW SEN DIS DEV SUB

Correlates

e Fluid intelligence (GF) (.78)

e Scholastic achievement (ACH) A43FF (.83)

e Punishment sensitivity (PUN) -.0l .01 (.68)

e Reward sensitivity (REW) .06 -.06 -.03 (.70)

e Sensation seeking (Total) (SEN) .04 = 11* —.35%* koo (.:63)

e Disinhibition (DIS) -.09 = 7% =23 34 J0%* (.66)

e General deviance (DEV) -.05 —.32%k - 19%* A44%F 36%F El%e (.81)

e Substance consumption (SUB) —22%F = 7% -.07 6% 25%F 3wk 26%F (.66)

Berlin Gambling Task

¢  Winning decks
o Estimates .10* A7+ -.0l -.05 -.07 Ak -.12* -.12%
o Selections total 23 .18 .07 -0l -.08 -1 6%F -.04 -.12%
o Selections first half A% 5% d0* -.07 —. | 5% aviko -.07 -.10*%
o Selections second half 24 A 7% .0l .03 -.0l -.08 -.0l = 1*

e Risky decks
o Estimates .02 -.03 .06 .03 -.10* -.09 -0l .09
o Selections total -.06 —. |4 ] .10 .03 .04 2% .10
o Selections first half .0l -.07 .00 .05 .02 .02 .07 .02
o Selections second half —-.12* —.18** .02 2% .03 .05 4 5%

e Specific decks
o Deck A (bad deck, low variability) —23F* —.16%% -.06 -.06 .06 Ak -0l .06
o Deck B (bad deck, high variability) -.09 -.10% -.04 .09 .06 2% .07 Nk
o Deck C (good deck, high variability) -.0l -.09 .04 .04 -.0l -.04 .08 .03
o Deck D (good deck, low variability) 20%F 22%F .03 -.04 -.06 Ak -.10 -.12%

Note. Winning decks = proportion of cards selected from decks with a positive expectancy; Risky decks = proportion of cards selected from decks
with high variability in outcomes; Estimates = participant’s relative predicted outcomes; Selections = proportion of cards actually selected. Reliabilities
(McDonald’s omega) of the working memory and personality measures are displayed in the diagonal.

*p <.05. Fp < .01.

Replicating previous findings with the IGT (Horstmann
et al., 2012), participants of the general population with an
above-average educational level selected cards from decks
with infrequent losses, apparently ignoring the magnitude
of the actual outcomes. This finding implies that low perfor-
mance in the IGT alone should not be considered as patho-
logical (Steingroever et al., 2012). As intended, task
performance was better in the BGT.

Retest reliability was only moderate for the scores
derived from both gambling tasks, even though both task
administrations were separated by only 1 hour. Somewhat
higher correlations were observed between estimates of
deck benefit and actual card selections within each mea-
surement occasion. This pattern suggests that actual card
selections are driven by ad hoc beliefs of deck quality.
However, the accuracy of participants’ estimates of deck
quality was generally poor. The low retest reliability addi-
tionally implies that any stable individual differences con-
tributing to the learning of probabilistic outcomes could
have only a moderate effect on perceived deck benefits and

card selections at each task administration. A large part of
this problem may result from individual differences in the
sequences of card selections. A single, largely random,
event can lead the entire learning and choice process into a
different trajectory. Reliability estimates of the gambling
scores were somehow lower in this study compared with
those reported in previous research with undergraduate stu-
dents and samples of moderate size (Lejuez et al., 2003; Xu
et al., 2013). However, the other measures included in the
current studies with sufficiently large and heterogencous
samples appeared to possess satisfactory reliabilities (see
Tables 3 and 4), suggesting that data in the current studies
were generally of satisfactory quality.

Gambling scores were found to be task specific, as shown
by the fact that IGT-BGT cross-task correlations were consid-
erably lower than the retest correlations within each task vari-
ant. This task specificity may have attenuated validity of the
gambling tasks as general measures of risk-related decision
making (Bechara, 2007; Bechara et al., 1994). Relations with
WMC and fluid intelligence were weak, confirming previous
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findings for the IGT (Beitz et al., 2014; Cauffman et al., 2010;
Toplak et al., 2010). Somewhat stronger relations were
expected given that WMC has been shown to be closely related
to learning (Kaufman, DeYoung, Gray, Brown, & Mackintosh,
2009; Lewandowsky, 2011; Tamez et al., 2012), and the learn-
ing of probabilistic deck outcomes should contribute to prefer-
ential selection of winning cards. However, the generally poor
task performance suggests that the validity is compromised by
floor effects of task performance. Somewhat higher relations
of cognitive ability with selections from winning decks in the
second half compared with the first half of the selection phase
suggest that far more trials may be needed to measure differen-
tial learning. Possibly, validity could be substantially improved
by adding many trials (Buelow, Okdie, & Blaine, 2013; Xu
et al., 2013). This could be a feasible way for future research.
At the same time, this would further decrease test economy for
applied assessment purposes.

None of the scores derived from the gambling tasks was
consistently related with self-report variables reflecting risk
taking. This was found for impulsive personality traits (i.c.,
nonreflective decision making), for reinforcement sensitiv-
ity (i.e., learning from reward and from punishment), for
sensation seeking, and for reported risk taking in different
domains. None of the investigated relations was consistent
and large enough to indicate validity for the purpose of
assessing individual differences. This lack of meaningful
correlations was not an artifact of unreliable self-report
data, as the self-reported criterion variables revealed a pat-
tern of correlations with each other in congruence with
theories of risk taking (Steinberg, 2010; Torrubia et al.,
2008; Zuckerman & Kuhlman, 2000).

Taken together, both the IGT and the BGT showed insuf-
ficient reliability, and we obtained no evidence for their
validity either. Therefore, neither task can be recommended
for the assessment of individual differences. Validity of the
gambling tasks needs to be discussed in light of findings
that the relations between scores from laboratory paradigms
and self-report measures are generally weak at best (Cyders
& Coskunpinar, 2011; Friedman & Miyake, 2004; Keye,
Wilhelm, Oberauer, & van Ravenzwaaij, 2009; Ortner,
Proyer, & Kubinger, 2006; Stahl et al., 2014). However,
compared with other laboratory paradigms (see below), one
major issue with the gambling tasks is their low retest reli-
ability after only 1 hour. In the absence of adequate retest
reliability, the task does not qualify as a measure of a stable
personality trait. It could be argued that laboratory tasks are
generally more state sensitive (as compared with self-report
scales that are supposed to assess traits; cf. Cyders &
Coskunpinar, 2011). This would suggest that a higher level
of aggregation across multiple task administrations is
required to arrive at more stable trait-like estimates of indi-
vidual differences. This may be an avenue for basic research,
but would arguably reduce feasibility from a pragmatic,
applied assessment perspective.

Naturally, specificity of the assessment methods will
contribute to the dissociation of behavioral tasks and self-
reports. Research in the related domain of impulsivity sug-
gests that different self-report scales are highly correlated,
while laboratory tasks purported to assess the same under-
lying factor are only weakly related with each other, and
often they are virtually independent of self-report measures
(e.g., Cyders & Coskunpinar, 2012; Keye, Wilhelm,
Oberauer, & van Ravenzwaaij, 2009; Stahl et al., 2014).
Characteristics of both the laboratory tasks and of the self-
report instruments may contribute to this dissociation. On
the side of the laboratory paradigms, task impurity, insuffi-
cient reliability, and task-specificity have been identified as
challenges (Friedman & Miyake, 2004). However, self-
report measures are also plagued by a plethora of validity
issues; most important, the presuppositions that participants
are able and willing to introspect and report their subjective
assessments (Greenwald et al., 2002). Additionally, some of
the investigated variables of risk taking, substance con-
sumption, and deviant behavior might generally be difficult
to predict (e.g., Simons, Dvorak, & Batien, 2008; Townsend,
Flisher, Gilreath, & King, 2006). Still, the sound psycho-
metric properties of self-report measures clearly indicate
them as the preferred method for the assessment of indi-
vidual differences.

Nevertheless, some laboratory tasks for investigating
risky decision making were shown to reveal moderate rela-
tions of self-reported risk taking, for example, the balloon
analogue risk task (Lauriola, Panno, Levin, & Lejuez, 2014;
Lejuez et al., 2002), the angling risk task (Pleskac, 2008),
and the game of dice (Brand et al., 2002). The relatively
higher validity of these tasks compared to gambling para-
digms possibly reflects the well-known distinction between
description tasks and experience sampling tasks (Hertwig &
Erev, 2009; Mata et al., 2016). In description tasks, the risk-
iness of the choice alternatives is directly communicated.
For instance, the riskiness of a gamble can be easily com-
puted in the game of dice. Similarly, the angling risk task
has a condition in which the probability of a loss can be
inferred from an intuitive visual display of fishes in a pond.
The balloon analogue risk task was actually conceptualized
as an experience sampling task, but the riskiness of pump-
ing a balloon can be easily learned. Additionally, validity in
terms of relations with risk-taking indicators could be fur-
ther increased by making the riskiness of pumping even
more explicit (Schmitz, Manske, Preckel, & Wilhelm,
2016). One feature shared by these tasks is their intuitive
appeal and their low requirements on learning. Consequently,
these laboratory paradigms seem to offer purer measures of
preferential risk taking.

We believe that laboratory tasks have their importance in
basic research, but more research is necessary to understand
under which circumstances they qualify for assessment of
individual differences. This should also include other
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objective measures and relevant life-event data as valida-
tion criteria, thereby circumventing the problems of self-
report data.

Conclusion

WMC and fluid intelligence were weakly positively related
with learning rates in both gambling tasks. However, no
consistent relations of a meaningful size were found with
risk-taking personality traits and self-reported risk taking.
Taken together, gambling tasks are not suggested for mea-
suring individual differences in risk taking for assessment
purposes.
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