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Delusion proneness is an individual-differences characteristic, existing on a continuum from no delusional
thoughts to a diagnosis of schizophrenia. Previous research found individuals high in delusion proneness request
less information to make decisions, potentially making a decision without sufficient information (jumping to
conclusions). The present study examined risky decision-making as a function of delusion proneness. Participants
(n ¼ 102) completed the Peters Delusions Inventory to assess delusion proneness, and the Iowa Gambling Task
(IGT) and Game of Dice Task (GDT) to assess risky decision-making. Although no significant results emerged on
the GDT, those scoring higher in delusion proneness decided more advantageously on the IGT than those scoring
lower in delusion proneness. Exploratory analyses indicated no significant relationship between gender and task
performance. The present study provides further insight into risky decision making as a function of delusion
proneness.
1. Introduction

Decision-making deficits are seen across a variety of diagnosable
mental health conditions, as well as in the general population as a
function of individual differences factors such as impulsivity. Utilizing
behavioral decision-making tasks, multiple studies found impairments
among individuals with a diagnosis of schizophrenia compared to
healthy controls (Bark et al., 2005; Brown et al., 2015; Caletti et al., 2013;
Cheng et al., 2012; Fond et al., 2013; Hori et al., 2014; Premkumar et al.,
2008; Wasserman et al., 2012; Yip et al., 2009). Delusional
beliefs—imprecise thoughts that exist despite evidence to the contrary
(Peters et al., 1999)—are thought to exist on a spectrum, where delusions
strong enough to be associated with psychotic disorders are at one
extreme and the absence of delusions at the other extreme (So and Kwok,
2015). Existing between the two ends of this spectrum is delusion
proneness, an individual-differences characteristic focused on the fre-
quency and type of delusional beliefs (Peters et al., 1999). Individuals
high in delusion proneness vary in frequency of the delusions, in turn
leading to differing effects on the individual's life and potentially on
decision-making tasks. Delusions are multidimensional, with three
characteristics of particular interest: conviction (strength of the belief),
preoccupation (amount of time spent on the belief), and distress (effect
on daily life) (Peters et al., 1999). Levels of conviction, preoccupation,
and distress can vary for each individual, just as frequency of the delu-
sional belief varies.
w).
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Previous research suggests that individuals across the delusional
belief spectrum, including those who are delusion-prone and those with a
diagnosis of schizophrenia, show a “jumping to conclusions” (JTC) bias
(Linney et al., 1998). The JTC bias is evident when individuals request
less information prior to making a decision, leading to a less advanta-
geous decision than those requesting more information. Those with a
diagnosis of schizophrenia (Klein and Pinkham, 2018) and those high in
delusion proneness (Dudley et al., 1997; Fine et al., 2007; Garety and
Freeman, 2013; Linney et al., 1998; Moritz et al., 2016; So and Kwok,
2015; van der Leer et al., 2015; van der Leer and McKay, 2014) show a
JTC bias compared to healthy controls. It is possible that this bias could
negatively affect decisions across different behavioral decision-making
tasks, such as the Iowa Gambling Task (IGT; Bechara et al., 1994). On
the IGT, participants must sample from each deck of cards in order to
learn the relative risks and benefits associated with each deck. Failing to
adequately sample from each deck could lead to worse outcomes. On the
Game of Dice Task (GDT; Brand et al., 2005), however, participants are
explicitly given information about the risks and benefits of their decisions
at the start of the task, and performance on this task might better inform
our understanding of the JTC bias. Specifically, the IGT, at least in the
early trials, is thought to assess decision making under ambiguity, as
participants must sample from each deck to learn the relative risks and
benefits associated with each. The GDT, on the other hand, assesses risky
decision making when the risks and benefits of each selection are
explicitly stated at the start of the task. Utilizing these two measures in
tober 2019
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Table 1
Means (M), standard deviations (SD), and correlations for study variables.

Variable M(SD) Range 1 2 3 4 5 6 7

PDI-t 10.11 (7.22) 0–29 – .288** .342*** .279** .171 .136 -.141
PDI-d 2.39 (0.95) 1–5 – .757*** .644*** .075 -.001 -.131
PDI-p 2.50 (0.91) 1–5 – .910*** .165 .039 -.117
PDI-c 2.58 (0.93) 1–5 – .129 -.025 -.114
IGT-1 -3.01 (9.61) -36–40 – .486*** .196a

IGT-2 5.73 (20.81) -54–60 – .303**
GDT 4.36 (10.19) -18–18 –

*p < .05; **p < .01; ***p < .001; ap ¼ .06.
Note: PDI ¼ Peters Delusion Inventory (t ¼ total score, c ¼ conviction, d ¼ distress; p ¼ preoccupation); IGT ¼ Iowa Gambling Task, advantageous minus disadvan-
tageous selections on early (1) and later (2) trials; GDT ¼ Game of Dice Task, advantageous minus disadvantageous selections.

Fig. 1. Histogram of the Peters Delusion Inventory.
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the same study could help our understanding of whether poor perfor-
mance on decision making tasks as a function of delusion proneness is
due to an information sampling impairment or a decision making
impairment.

The present study examines risky decision-making as a function of
delusion proneness. Just as individuals with high levels of trait impul-
sivity but not a diagnosis of Attention-Deficit/Hyperactivity Disorder
(ADHD) show riskier decisions than those low on trait impulsivity (e.g.,
Buelow and Suhr, 2013; Burdick et al., 2013; Franken and Muris, 2005;
Sweitzer et al., 2008), it is possible that those high in delusion proneness
but without a diagnosis of schizophrenia may also show riskier decisions
than those low in delusion proneness. Assessing the tendency of those
across the spectrum of delusional thought processes to engage in risky
decision making is important to our understanding of how decision
making can be affected by state and trait processes. If delusion proneness
is a precursor to schizophrenia and decision making impairments are
found, then this would provide evidence that the decision making im-
pairments seen in schizophrenia could predate full development of the
symptoms. In the present study, it was hypothesized that individuals high
in delusion proneness will be riskier on the IGT and GDT than individuals
low in delusion proneness. As a secondary aim, relationships between
risky decision making and levels of conviction, preoccupation, and
distress associated with the delusional beliefs were examined.
2

2. Methods

2.1. Participants

An a priori power analysis was conducted to determine the required
sample size to determine a medium effect for α ¼ .05 and power ¼ .80.
The power analysis indicated a total sample of 82 participants was
needed for adequate power in the correlational analyses, and samples of
46–128 for between-group comparisons. Participants were 102 under-
graduate student participants, ages 18–23 (Mage ¼ 18.55, SDage ¼ 0.89),
at a regional campus of a large Midwestern university. Thirty-four self-
reported their gender as male and 64.6% self-reported their ethnicity as
Caucasian. All participants received course credit for their participation.

2.2. Measures and procedure

The university's Institutional Review Board approved the present
study, and participants provided informed consent. Participants
completed the 40-item Peters Delusion Inventory (PDI; Peters et al.,
1999) to assess level of delusion proneness. Participants respond to a
series of questions indicating: 1) level of agreement with the question
(yes [1] or no [0]), and 2) level of conviction, preoccupation, and distress
(1 [not at all] to 5 [very] scale). An overall level of delusion proneness was



Fig. 2. Histogram of the Iowa Gambling Task.
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calculated from the yes/no responses (range: 0–40; M ¼ 10.11, SD ¼
7.22). Average scores were calculated for conviction, preoccupation, and
distress, with higher average scores indicating higher levels of these
factors.

Next, participants completed the GDT and IGT to assess risky
decision-making. On the GDT (Brand et al., 2005), participants are asked
to maximize their profit by rolling a virtual die 18 times. Before each roll,
participants predict the die roll by choosing a single number or
3

combination of up to four numbers. Making a selection of a single
number carries a risk of $1000, two numbers is $500, three numbers is
$200, and four numbers is $100. Selecting three or four numbers is
considered a safe decision, whereas selecting one or two numbers is
considered a risky decision (Brand et al., 2005). This information is made
available to participants at the start of the task (i.e., did not depend on
decision feedback during the task). For the present study, a net score was
calculated by subtracting the number of risky selections from the number



Fig. 3. Histogram of the Game of Dice Task.
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of safe selections (positive scores indicate less risky decision-making).
The standard computerized IGT was also administered (Bechara,

2007). Participants are tasked with maximizing their profit over 100
selections from Decks A, B, C, and D. After each selection, participants
win money, but sometimes also lose money. Unbeknownst to the par-
ticipants, and learned through trial-and-error feedback, the decks have
varying levels of risk attached to them. Decks A and B produce an average
profit of $100 on each selection (high immediate gain), but after 10 se-
lections, have incurred a net loss of $250 (long-term negative conse-
quence). Decks C and D produce an average profit of $50 on each
selection (low immediate gain), but after 10 selections, have instead
incurred a net gain of $250 (long-term positive consequence). Based on
these long-term outcomes, Decks A and B are termed disadvantageous,
and continued selection from them indicative of risky decision-making.
Decks C and D, on the other hand, are termed advantageous decks.
Early selections on the IGT, generally the first 40 trials, are considered
decision-making under ambiguity, as participants have not learned the
relative risks and benefits of each deck. However, after those 40 trials, the
remaining trials are considered decision-making under risk (Brand et al.,
2007). For the present study, the number of disadvantageous (A, B) se-
lections was subtracted from the number of advantageous (C, D) selec-
tions across the early (Trials 1–40) and later (Trials 41–100) selections.
More positive values indicate less risky decision-making.

Participants also reported basic demographic information prior to the
debriefing.
2.3. Data analysis

Of note, nine participants were missing data on the IGT due to com-
puter malfunction. Thus, the IGT analyses were conducted on a sample of
93 participants and the GDT analyses on a sample of 102 participants. To
assess the first hypothesis, two analyses were conducted. First, Pearson's
correlations were conducted between PDI total score and performance on
the IGT and GDT. Due to mild variations from normality in the IGT and
GDT data, nonparametric statistics were used. For the IGT data, the
Friedman test was conducted separately among those scoring below the
PDI median and those scoring above the PDI median (per the scoring
criteria from Peters et al., 1999). For the GDT data, the Mann-Whitney U
test was used to assess this variable. To assess the second study aim,
4

correlations were also calculated between levels of conviction, preoccu-
pation, and distress and task performance.

3. Results

No significant relationships were found between delusion proneness
total score and performance on the GDT or either the earlier or later trials
on the IGT (see Table 1; see Figs. 1, 2, and 3 for histograms of the PDI,
IGT, and GDT scores and Figs. 4 and 5 for scatterplots). With regard to
conviction, distress, and preoccupation, none of these factors was asso-
ciated with performance on the GDT or IGT.

Next, the median split was calculated based on a median score of 9.5.
Delusion proneness was recoded as 1 (below median) and 2 (above me-
dian). Among those scoring below the PDI median, the Friedman test
indicated no significant changes in IGT performance across block, χ2(1)¼
1.80, p¼ .180. For those scoring above the PDI median, the Friedman test
instead indicated more advantageous decisions during the later
compared to earlier trials, χ2(1) ¼ 8.395, p ¼ .004. No significant dif-
ferences emerged between groups on the GDT, U ¼ 1249.50, p ¼ .732.

To assess for potential differences in task performance by self-
reported gender, due to known differences on the IGT and other tasks
(e.g., Businelle et al., 2008; Davis et al., 2007; van den Bos2013), a series
of exploratory analyses were conducted. For the GDT data, a permutation
test (with gender labels varied in a bootstrap procedure [1000 permu-
tations]) found no significant effect of gender on task performance, t ¼
0.91, p ¼ .362. Self-reported gender was also not associated with selec-
tions on the early IGT trials, t¼ -1.55, p¼ .123, nor on the later IGT trials,
t ¼ -0.49, p ¼ .624.

4. Discussion

The present pilot study examined the potential relationship between
delusion proneness, an individual-differences variable, and performance
on two common behavioral decision-making tasks, the IGT and GDT.
Limited support was found for the hypothesis that participants scoring
higher in delusion proneness would be riskier on the tasks than in-
dividuals scoring lower in delusion proneness. No overall correlation was
found between score on the PDI and task performance, but participants
scoring below the median split were riskier on the IGT but not the GDT



Fig. 4. Scatterplot of the Iowa Gambling Task by PDI Score.
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than participants scoring above it. These results are contrary to previous
research examining IGT and GDT performance among individuals with a
diagnosis of schizophrenia (Bark et al., 2005; Brown et al., 2015; Cheng
et al., 2012), and run counter to previous studies showing a JTC bias as a
function of delusion proneness (Linney et al., 1998; So and Kwok, 2015;
van der Leer et al., 2015; van der Leer and McKay, 2014). However, to
our knowledge this is the first examination of a potential relationship
between delusion proneness and performance on either the IGT or GDT.
5

As such, our results should be further investigated in a larger, more
diverse sample with a greater range of delusion proneness on the PDI and
the distress, preoccupation, and conviction subscales.

Our finding that participants scoring higher in delusion proneness
actually used a more advantageous decision-making strategy on the IGT
compared to those low in delusion proneness is consistent with some
previous research suggesting better task performance among those high
in delusion proneness (Freeman et al., 2010; Warman et al., 2007). It is



Fig. 5. Scatterplot of the Game of Dice Task by PDI Score.
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possible that individuals adjust their data gathering abilities to the type
of task at hand, expending greater cognitive resources on harder than on
easier tasks. The IGT might have been viewed as a harder task, given the
limited information made available at the start of the task, and thus the
additional expenditure of cognitive resources led to improved perfor-
mance on the task. It is also possible that participants high in delusion
proneness had a higher level of imagination or creativity that resulted in
greater strategy use to learn to decide advantageously on the IGT. Finally,
it is also possible that individuals high in delusion proneness experience a
bias in their ability to use reinforcement-based feedback to learn to
decide advantageously. Participants may respond differently to imme-
diate gains versus immediate losses, in turn affecting future decision
making strategies on tasks in which participants must learn from feed-
back such as the IGT. Additional research is needed to replicate and
further examine the causes of this unanticipated finding.

The present study is not without limitations. This was a small pilot
study focused on undergraduate student participants. Although we were
adequately powered to detect medium effects, our results indicated that
several effects were likely small. Our group difference on the IGT in
particular represented a small effect size, potentially limiting implica-
tions of this finding. Future research should utilize larger samples and
incorporate cognitive modeling components (e.g., Horstmann et al.,
2012; Worthy et al., 2013) to further tease apart the processes affecting
decision making on the IGT. It is possible that the full spectrum of the
delusion proneness characteristic was not evidenced in this sample, and a
follow-up study with a larger, more diverse sample is suggested. It is also
possible that the present results were affected by the speed-accuracy
trade-off, in that participants slowed down their decision-making pro-
cesses to arrive at the “correct” or most advantageous decision. This
process might in turn have equalized performance across levels of delu-
sion proneness; however, data on decision-making speed was not
collected for all participants, making this analysis difficult in our small
sample. We also did not collect data on concurrent substance use or
mental health diagnoses, which could affect performance on the decision
making tasks and should be investigated in future studies.

The present study serves as an initial examination of potential re-
lationships between delusion proneness and performance on behavioral
decision-making tasks. Results indicated few relationships between this
individual-differences variable and performance on the IGT or GDT, but
6

this might have been affected by characteristics of our study sample.
Future research should continue to examine the potential JTC bias as a
function of delusion proneness on other decision-making tasks. Future
research utilizing both easy and hard tasks in the same study will help
elucidate this data gathering deficit in delusion proneness.
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