European Psychiatry 62 (2019) 20-27

EUROPEAN B
PSYCHIATRY &

Contents lists available at ScienceDirect

European Psychiatry

journal homepage: http://www.europsy-journal.com

Original article

Stress and cognitive biases in schizotypy: A two-site study of bias
against disconfirmatory evidence and jumping to conclusions

Thanh P. Le®*, Taylor L. Fedechko?, Alex S. Cohen?, Samantha Allred?, Carrie Pham?,
Shon Lewis”, Emma Barkus®
2 Department of Psychology, Louisiana State University, United States

® Division of Psychology and Mental Health, University of Manchester, United Kingdom
< School of Psychology, University of Wollongong, Australia

ARTICLE INFO ABSTRACT

Article history:

Received 10 May 2019

Received in revised form 17 August 2019
Accepted 26 August 2019

Available online 8 September 2019

The dysfunctional cognitive and reasoning biases which underpin psychotic symptoms are likely to
present prior to the onset of a diagnosable disorder and should therefore be detectable along the
psychosis continuum in individuals with schizotypal traits. Two reasoning biases, Bias Against
Disconfirmatory Evidence (BADE) and Jumping to Conclusions (JTC), describe how information is selected
and weighed under conditions of uncertainty during decision making. It is likely that states such as
elevated stress exacerbates JTC and BADE in individuals with high schizotypal traits vulnerable to

Is(sﬁgg:f;y displaying these information gathering styles. Therefore, we evaluated whether stress and schizotypy
Reasoning bias interacted to predict these reasoning biases using separate samples from the US (JTC) and England
Cognition (BADE). Generally speaking, schizotypal traits and stress were not independently associated with
Schizophrenia dysfunctional reasoning biases. However, across both studies, the interaction between schizotypy traits
Positive and stress significantly predicted reasoning biases such that increased stress was associated with

Cognitive bias increased reasoning biases, but only for individuals low in schizotypal traits. These patterns were
observed for positive schizotypal traits (in both samples), for negative traits (in the England sample only),
but not for disorganization traits. For both samples, our findings suggest that the presence of states such
as stress is associated with, though not necessarily dysfunctional, reasoning biases in individuals with
low schizotypy. These reasoning biases seemed, in some ways, relatively immutable to stress in
individuals endorsing high levels of positive schizotypal traits.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

Schizophrenia is among the costliest human conditions [1,2].
Identifying individuals at-elevated risk for developing schizo-
phrenia-spectrum disorders is critical to understanding these
disorders, improving outcomes, and decreasing their societal
burden [3]. Schizophrenia is largely considered an extreme
variant of a genetically-mediated constellation of traits, what
many refer to as schizotypy [4]. Schizotypy has been defined as
continuum of traits associated with schizophrenia-spectrum
pathology [4,5]. Moreover, it is a unifying construct that
encompasses several different phenotypes for psychosis risk
including: biological family members of individuals with
schizophrenia, adolescents and early adults with various
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psychiatric presentations as assessed by clinical interviews such
as the Structured Interview of Psychosis-risk Syndromes (e.g.,
high risk studies), and individuals with elevated self-reported
(i.e., “psychometric”) schizotypal traits. The latter approach
represents the majority of schizotypy research to date and is
the focus of the present studies. As schizotypy is associated with
higher risk for developing schizophrenia-spectrum pathology,
this personality organization has become the focus of early
identification and intervention attempts [6,7].

Dysfunctional cognitive and reasoning biases are among the
most studied vulnerability markers associated with schizophrenia-
spectrum disorders and schizotypy [8-10]. While cognitive and
reasoning biases may be helpful and even adaptive in some
contexts (i.e., increased efficiency and decision making), these
biases can also lead to misguided and incorrect judgements - for
example, turning benign social interactions into potentially
suspicious encounters. These more dysfunctional biases are
prominent schizophrenia-spectrum disorders and associated with
clinical states such as delusions and hallucinations [11] and social
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dysfunction [12]. Specifically, the Bias Against Disconfirmatory
Evidence (BADE) and Jumping To Conclusions (JTC) are two
theoretically and empirically linked [11] dysfunctional reasoning
biases related to the emergence, expression, and exacerbation of
schizotypal traits and clinically diagnosed psychosis [13,14]. BADE
is characterized by a thinking style easily dismissive of evidence
contradicting a held belief and JTC is defined as strong conviction in
an idea prior to gathering much or any evidence [13]. These
dysfunctional cognitive biases are thought to be the underlying
mechanism for paranoia and suspiciousness for individuals on the
schizophrenia-spectrum [12,15]. As noted earlier, this style of
thinking is also related to neuropsychological and social function-
ing [16,17]. Given their links to functioning, these maladaptive
biases are major focal points in interventions (e.g., Metacognitive
Training, Social Cognition Interaction Training) that aim to enhance
overall and social functioning [17,18].

There are several important knowledge gaps regarding
dysfunctional reasoning biases (i.e. BADE and JTC) in individuals
with schizotypy. First, considerable variability exists in the
strength of these biases measured in different samples across
studies [19]. Some factors explaining this variability have been
identified including difficulty of stimulus detection, also known as
perceptual load, of the task [20]; state anxiety [21]; and the ability
to detect incorrectness and change answers, also known as
feedback sensitivity [13]. Collectively, these results suggest that
reasoning biases may be dynamic as a function of stimulus
features, state emotion, and cognitive flexibility. Related to these
potential mechanisms, a promising and unexplored moderating
variable in the relationship between schizotypy symptoms and
these cognitive biases is perceived psychological stress. Cohen and
colleagues [22] defined perceived psychological stress as varying
degrees of global appraisals regarding which situation in one’s life
are stressful. This type of stress is similar to state anxiety, or the
momentary worry for a threatening demand, yet is much more
inclusive in that perceived psychological stress encompasses
subjective reactions or appraisals (e.g., unpredictable, uncontrol-
lable, overloaded) to previous, immediate, and upcoming life
events or threats. Thus, it stands to reason that stress may
exacerbate reasoning biases. Indeed, Keefe and colleagues [23]
observed increased reasoning biases following experimentally
induced stress in delusion-prone university students, though there
are conflicting findings (see [24]). Furthermore, schizotypy is
associated with extreme subjective experience of cognitive and
emotion regulation deficits, even though studies that use objective
measures often fail to observe deficits that approach these elevated
subjective levels [25,26]. Thus, measuring perceived stress could
be an important key to understanding the potential mechanism of
reasoning biases in this population.

A related gap in the literature is the relationship between
dysfunctional reasoning biases (i.e., BADE and JTC) and the
differing trait clusters of schizotypy (i.e., positive, negative, and
disorganized; [27]) The vast majority of studies to date examining
the relationship between reasoning biases and schizotypy have
almost exclusively examined positive schizotypy traits, or related
phenomenon such as delusion proneness [14,15]. This is likely due
to a generally accepted theoretical mechanism that dysfunctional
reasoning biases underlie positive symptoms [11,14,15]. Moreover,
positive symptoms (i.e., clinically significant delusions) and sub-
clinical related experiences such as aberrant salience and
suspiciousness are linked with prefrontal-limbic connections
and dopaminergic functioning, each themselves sensitive to stress
[28,29]. As such, there is evidence generally suggesting a
significant relationship between positive schizotypal traits and
reasoning biases [14,20]. Even so, not all studies have consistently
found that relationship to be significant [30], thus necessitating
further research. Moreover, not much evidence has been gathered
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to document the relationship between negative or disorganized
traits of schizotypy and reasoning biases [19]. Schizotypy is
heterogeneous construct and therefore associated with a wide
range of symptoms. Thus, it is important to understand dysfunc-
tional reasoning biases within the separate traits of schizotypy -
with the different trait clusters likely having distinct mechanisms.
No studies currently exist providing evidence of a significant
relationship between the reasoning biases, JTC or BADE specifical-
ly, and the negative or disorganization traits of schizotypy.
However, there is some evidence to suggest a relationship may
exist between negative and disorganized schizotypy and JTC or
BADE. For example, other studies have found evidence of a
significant relationship between increased negative schizotypy
traits and alternative reasoning biases such poorer theory of mind,
greater attention for threat bias, and increased external attribution
bias [9,31], each of whom are related to JTC and BADE [32].
Furthermore, negative schizotypy is characterized in part by lack of
social, recreational, and vocational motivation which could reflect
JTC and BADE deficits related to decreased anticipatory pleasure.
Disorganized schizotypy in turn has been associated with context
integration deficits, which potentially could signal a poor ability to
consider or consolidate beliefs with updated contradictory
evidence [33]. Perhaps a lack of published research in this area
could signal that no relationship exists between negative or
disorganized traits of schizotypy and these dysfunctional reason-
ing biases such as JTC or BADE, but this assertion stands to be
tested.

The first aim of the current studies was to explore the
relationships between perceived stress, schizotypy, and dysfunc-
tional reasoning biases such as BADE and JTC. This was explored
using two separate geographically-distinct samples of non-
psychiatric adults. We hypothesized that schizotypy and stress
would significantly interact to predict dysfunctional reasoning
biases such that elevated schizotypal traits and heightened
perceived stress would predict increased reasoning biases. Our
second aim was to examine whether biases were related to
different trait clusters of schizotypy (i.e., positive, negative, and
disorganized) as a function of varying levels of perceived stress.
Based on the extant literature, we hypothesized that significant
moderations would be observed for positive, but not negative or
disorganized schizotypal traits.

2. Methods
2.1. Participants

Our sample included undergraduate students (N=236)
recruited for separate studies at universities in the southeastern
United States (n=125) and northern England (n=111). Demo-
graphic and clinical characteristics are included in Table 1. This
study was approved by the appropriate Human Subject Review
Boards and subjects offered informed consent prior to completing
the surveys.

2.2. Schizotypy

Schizotypy was measured using the Schizotypal Personality
Questionnaire (SPQ) in both samples, although the English sample
was administered the full version [34] and the US sample was
administered the Brief-Revised version (SPQ-BR [35,36];). The full
SPQ comprises 74 items with a true/false response format. The
SPQ-BR was developed from the SPQ using both exploratory and
confirmatory factor analysis to maximize internal consistency and
factor independence. The response format of the SPQ-BR employs a
five-point scale from “strongly disagree” to “strongly agree.” Items
(n=32) reflect seven subordinate scales (i.e., odd/eccentric
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Table 1

Descriptive statistics for demographic and clinical variables for the two samples.

US Sample (Study 1) n=125

English Sample (Study 2) n=111

Sex (% Female) 65% 60%
Age 19.58 +1.20 2214 +4.79
Schizotypal Traits®
Cognitive-Perceptual 31.86 +-10.39 11.77 £ 8.67
Negative 15.36 £5.78 11.63 £ 717
Disorganization 2435+741 8.06 +6.00
Perceived Stress 21.96 +5.95 15.87 +6.35
BADE Task”
True response 8.51+£1.12
Emotional Lure response 3194194
JTC (BEAD) Task
Trials 4.07 +£5.65
Conclusion Accuracy 1.71+0.45

¢ Different measures of schizotypy were used in the two samples.
b Averaged across two trials (potential range = 1-10).

behavior, odd speech, constricted affect/no close friends, excessive
social anxiety, unusual perceptual experiences, odd beliefs, ideas of
reference/suspiciousness) and three superordinate factors (i.e.,
positive, negative, and disorganization; see [35,37].

2.3. Stress

Stress was assessed in both samples using the Perceived Stress
Scale [22]. The PSS is comprised of 10 Likert-scale items (0 or 1 =
Never through to 4 or 5 = Very Often) of the frequency of perceived
stress in the past month. The measure evaluated the perception of
the unpredictability, uncontrollability, and overwhelming nature
of an individual’s life stress and was designed for community
samples (e.g., In the last month . . . how often have you found that
you could not cope with all the things that you had to do? [38];).
The PSS has good psychometric properties with previous studies
observing high internal consistency (Cronbach's a=0.85) and is
also correlated with self-reported physical health, health related
behaviors, and help-seeking behaviors [39,40].

2.4. Cognitive biases

2.4.1. BADE

Bias Against Disconfirmatory Evidence (BADE) was the cognitive
bias measured in the US sample. To measure this, a previously used
protocol [14] was employed that consisted of twelve written
scenarios with four potential interpretations (i.e., “true,” “emotional
lure,” “non-emotional lure,” and “absurd”) for each scenario. During
three successive trials (i.e., sentences) for each scenario, additional
progressively disambiguating information (i.e., disconfirmatory and
confirmatory evidence) was introduced and the plausibility of each
of the four interpretations were assessed by a slider scale ranging 1 -
10. Lure interpretations lose plausibility with additional information,
whereas the true interpretation gains plausibility with additional
information. The absurd interpretation was designed to appear
implausible at all stages. An example of trials and interpretations for
one written scenario [41] is provided here:

Trial 1: Jenny can't fall asleep

Trial 2: Jenny can't wait until it is finally morning.

Trial 3: Jenny wonders how many presents she will find under
the tree.

Interpretation 1 (emotional lure): Jenny is worried about her ill
mother.

Interpretation 2 (non-emotional lure): Jenny is nervous about her
exam the next day.

Interpretation 3 (true): Jenny is excited about Christmas
morning.
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Interpretation 4 (absurd): Jenny loves her bed.

BADE should be reduced in light of inconsistent evidence within
both lure conditions. More specifically, emotional lures have been
previously observed to be a particularly sensitive measure of BADE in
schizotypy [14,41] and that reasoning biases should be considered
within the framework that everyday decision making and everyday
functioning occurs in contexts loaded with emotional valence [42].
The current study used the average of the emotional lure rating from
the second and third trials as the measure of BADE consistent with
prior studies [40], with increasing scores indicating higher BADE and
therefore reasoning bias.

242, JTC

Jumping to conclusions (JTC) was assessed with the BEAD task in
the English sample. In traditional versions of the BEAD task, there are
only two jars present with opposing ratios of colored beads, which can
lead to ceiling effects in performance for healthy volunteers due to its
simplicity. Therefore, to increase the difficulty and uncertainty, three
jars were presented at the same time to participants in the current
study. The BEADS task consisted of two iterations of showing
participants three jars of red and blue beads. The three jars were 85
red : 15 blue beads versus 50 red : 50 blue beads, versus 60 red : 40 blue
bead ratios. The task was explained to participants with the jars on the
screen and then the jars were removed from view. Participants were
told that the experimenter would draw a series of beads one at a time
(and without replacing them) from only one of the three jars. The
beads were then shown one bead at a time to the participant, in a pre-
determined order. Participants were asked after they saw each bead
whether they were ready to make a decision or whether they wanted
to see an additional bead. Once participants indicated that they were
ready to decide, they indicated which jar the beads were being drawn
from. Jumping to a conclusion was defined as a decision based on very
few beads seen. Consistent with prior studies [43,44], the dependent
variable (DV) were the number of beads seen (maximum of 20) before
participants decided which of the three jar the beads were being
drawn from and conclusion accuracy (binary outcome) for the 85:15
ratio condition, with fewer number of number of trials to conclusion
(i.e., beads seen) and incorrect conclusion indicating greater JTC.

2.5. Statistical analyses

Analyses were conducted in two steps. First, data were
inspected for normality and potential confounds. Second, inter-
actions between an individual’s schizotypal trait scores (i.e., total,
positive, negative, and disorganized) and their perceived stress
score were computed as predictors of BADE performance (US
sample). These procedures (i.e., predictors and interactions) were
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Table 2

23

Moderation analyses examining the interaction between stress and schizotypy to Bias Against Disconfirmatory Evidence (BADE; dependent measure) scores for the US sample

(n=125).

BIAS AGAINST DISCONFIRMATORY EVIDENCE (EMOTIONAL LURES)

R E B (SE) t Clostn
Predictors 0.00 0.17
Stress 0.02 0.11 0.16 —0.16 to 0.20
Positive Stypy 0.11 0.11 0.97 —0.08 to 0.29
Positive Stypy X Stress 0.06 6.00* -0.22 0.09 —2.45* —0.36 to -0.07
Predictors 0.01 0.48
Stress 0.08 0.11 0.72 —0.28 to 0.08
Negative Stypy -0.10 0.11 0.94 —0.20 to 0.15
Negative Stypy X Stress 0.01 0.44 0.06 0.10 0.59 —0.10 to 0.26
Predictors 0.00 0.20
Stress 0.06 0.11 0.59 —0.12 to 0.24
Disorganized Stypy —-0.05 0.11 -0.44 -0.22 to 0.14
Disorg. Stypy x Stress 0.03 0.95 —0.14 0.09 -1.57 —0.29 to 0.01
Note. Stypy = Schizotypy; Disorg. = Disorganized.
*p < 0.05.
Table 3

Moderation analyses examining the interaction between stress and schizotypy to the Jump to Conclusions bias (JTC; dependent measure) scores in the English sample

(n=111).s.

JUMPING TO CONCLUSIONS BIAS (TRIALS)

R F B (SE) t

Predictors 0.01 0.48

Stress -0.13 0.08 144 —0.27 to 0.02

Positive Stypy 0.04 0.09 0.46 —0.11 to 0.19

Positive Stypy X Stress 0.05 2.09 0.19 0.08 2.30* 0.05 to 0.32
Predictors 0.01 0.52

Stress —0.08 0.09 -0.91 —0.22 to 0.06

Negative Stypy -0.07 0.09 -0.84 —0.25 to 0.03

Negative Stypy X Stress 0.07 2.85* 0.21 0.07 2.73* 0.08 to 0.33
Predictors 0.01 0.45

Stress -0.13 0.09 142 —0.28 to 0.02

Disorganized Stypy 0.06 011 0.54 —0.12 to 0.24

Disorg. Stypy x Stress 0.04 149 0.20 0.11 1.88+ 0.02 to 0.38
JUMPING TO CONCLUSIONS BIAS (CONCLUSION ACCURACY)

R E I B(SE) ¢ Closny

Predictors 0.01 0.60

Stress 0.02 0.10 0.19 0.15 to 0.18

Positive Stypy -0.11 0.1 1.05 —0.17 to 0.15

Positive Stypy X Stress 0.01 0.44 0.03 0.09 0.33 —0.13 to 0.19
Predictors 0.01 0.67

Stress 0.02 0.10 0.23 —0.14 to 0.19

Negative Stypy -0.14 0.10 143 —0.31 to 0.02

Negative Stypy x Stress 0.04 1.44 0.15 0.09 1.72+ 0.00 to 0.29
Predictors 0.03 2.02

Stress 0.07 0.10 0.65 —0.10 to 0.24

Disorganized Stypy -0.24 0.13 1.93+ —0.44 to -0.03

Disorg. Stypy x Stress 0.03 1.34 0.00 0.12 0.01 —0.20 to 0.20

repeated for JTC performance [e.g., number of trials (beads seen),
conclusion accuracy] as the criterion variable (English Sample). See
Table 2 and 3 for all permutations of linear regression models for
the three criterion variables (e.g., BADE performance, JTC - number
of trials, and JTC - conclusion accuracy). Analyses were conducted
in R. Significant interactions were evaluated using simple slopes
analysis. Unless otherwise noted, all variables were normally
distributed. Standardized scores for the criterion and predictors
variables were used in all figures.

3. Results
3.1. Preliminary analyses

Relationships between the JTC/BADE measures and demo-
graphic variables (i.e., gender, ethnicity, and age) were examined to
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evaluate potential demographic confounds. No significant results
of note emerged.

3.2. BADE analyses — US sample study

Results for the BADE analyses in the US sample study are
presented in Table 2. Schizotypy and perceived stress scores were
not independently associated with BADE performance; this was
pattern observed for all schizotypy traits (i.e., positive, negative,
and disorganized). However, there was a significant interaction
between positive schizotypy and stress [B(SE) = -.22(.09), p <.05].
Simple slopes analysis suggested that increased stress was
associated with increased BADE (i.e., greater reasoning bias) in
individuals with low positive schizotypy at trend level [B(SE) =.23
(.14), p < .10). In individuals with high positive schizotypal scores,
stress was not related BADE performance [B(SE)=-.20(.14),p = .17].
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Fig.1. Interaction of perceived stress and schizotypy on reasoning biases. Significant interaction effects were found for reasoning biases (e.g., BADE and JTC: Number of Trials)
via perceived stress x positive shizotypy and for JTC: Number of Trials via stress x negative schizotypy. Note. BADE = Bias Againast Disconfirmatory Evidence; JTC = Jumping to
Conclusions; Gray line=1 SD below (Low Schizotypy); Black line=1 SD above (High Schizotypy). All criterion and predictor variables are standardized.

Graphic illustration of simple slopes (see Fig. 1) indicate that
individuals with positive schizotypy showed high levels of BADE at
low levels of stress thus suggesting that their BADE tended to be
relatively high and stress-resistant.

3.3. JTC analyses - English sample study

Results for JTC analyses in the English sample study are
presented in Table 3. Neither schizotypy traits (i.e., positive,
negative, and disorganized) nor stress were significantly associat-
ed with JTC performance independently. However, significant
interactions between only positive [B(SE)=.19(.08), p <.05] and
negative schizotypy traits [B(SE)=.21(.07), p < .05] and stress were
observed for predicting the number of trials to reach a conclusion.
No significant interaction existed between disorganized schizo-
typy traits and perceived stress. Simple slopes analysis suggested
that increased stress was associated with fewer number of trials
needed to reach conclusion (i.e., reflecting a faster JTC) in
individuals with low positive schizotypy [B(SE) = -.30(.13),
p <.05]. However, in individuals with high positive schizotypal
scores, stress was not related JTC performance [B(SE)=.05(.10),
p =.65]. Graphic illustrations of simple slopes (see Fig. 1) indicate
that individuals with positive schizotypy showed higher levels of
JTC (i.e., lower task performance via fewer number of trials needed
to reach conclusion) even at low levels of stress. This suggested
that their JTC tendencies were relatively high and stress-resistant.
Unexpectedly, a significant interaction between negative schizo-
typy and stress was also observed (see Fig. 1). The pattern of results
was largely similar to that seen with positive schizotypy.
Individuals low in negative schizotypal traits showed decreased
task performance as a function of increased perceived stress [B(SE)
= -.28(.12), p<.05]. Graphic illustrations of simple slopes (see
Fig. 1) indicate that individuals with negative schizotypy showed
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abnormally high levels of JTC (i.e., lower task performance via
fewer number of trials needed to reach conclusion) even at low
levels of stress. Similar to the BADE results, individuals with
elevated positive and negative schizotypy exhibited task perfor-
mance (via greater number of trials completed) that was largely
immutable to stress, contrary to hypotheses. The interaction term
for stress and schizotypy factors did not account for significant
variance in JTC performance via conclusion accuracy.

4. Discussion

These studies evaluated how dysfunctional reasoning biases
and schizotypy traits (i.e., positive, negative, and disorganized)
varied as a function of perceived stress. Schizotypy traits were not,
in and of themselves, related to reasoning biases in either of the
samples, which is consistent with prior studies that show
schizotypy is largely associated with normal performance on
objective task cognitive tasks [45]. When accounting for stress,
however, significant relationships were observed. Reasoning
biases were relatively dynamic as a function of stress in individuals
with overall low schizotypal traits. In individuals with high levels of
positive schizotypal traits, these reasoning biases appeared
pronounced at relatively low stress levels and appeared to be less
dynamic as a function of stress, though as noted earlier, schizotypal
traits were not independently linked to reasoning biases. Similar
patterns were observed for negative schizotypy with respect to the
JTC bias (i.e. English sample), but not BADE (i.e., US sample).
Significant relationships between reasoning biases and disorga-
nized schizotypy were not observed in either sample lending
support for specificity. Given that BADE and JTC both tap into
decision making under conditions of uncertainty, results from
these studies have ecological validity for the conditions encoun-
tered in everyday life. Indeed, it is important to understand the
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effects of perceived stress on these reasoning biases considering
that much of decision making within everyday functioning occurs
in contexts loaded with emotional valence.

The finding that reasoning biases appeared to emerge in
individuals with positive schizotypal traits during a period (i.e.,
past month) of low stress is fairly unsurprising as these biases are
included in etiological theories. There were several surprising
findings however. First, we found that reasoning biases in positive
schizotypy were relatively “stress-resistant”, that is, their reason-
ing biases were relatively consistent regardless of perceived stress
levels. This did not appear to reflect “ceiling effects” from any of the
measures used in this study as care was taken to ensure that both
tasks were sufficiently challenging for healthy volunteers to ensure
‘perfect’ performance could not be achieved. Second, main effects
between the schizotypy factors and reasoning biases measures
(BADE and JTC) were not observed and, generally speaking,
significant interactions were in the small effect size range. Our
sample consisted of relatively high functioning individuals on the
psychosis continuum as we assessed schizotypal traits dimension-
ally rather than using an enriched, schizotypy sample (i.e., higher
likelihood of clinical symptomatology). However, this makes it
even more vital to consider interactions with relevant moderators
such as perceived psychological stress in a nonclinical sample. Our
findings (i.e., significant interaction) likely reflects an underesti-
mate of true effects. In this case, our findings would likely
generalize to individuals “further along” on the psychosis
continuum and main effects and significant interactions with
medium to large effects would likely be observed. Finally,
consistent findings across both of our studies using different
measures engenders confidence in our findings and not merely
spurious.

Because these results may have mechanistic implications, some
cautious neurobiological interpretations of these results are
warranted. Prefrontal-limbic connections are important in rea-
soning biases, aberrant salience, acute and chronic stress [46], and
in key dopamine pathways theorized to be affected in individuals
experiencing psychotic symptoms and/or schizophrenia spectrum
traits more broadly [46,47]. The prefrontal cortex functions
optimally with a narrow range of dopamine levels, but factors
such as stress have been shown to affect dopamine levels [29]. This
may explain why individuals low in schizotypal traits, who likely
have intact prefrontal pathways and structures, appeared to
exhibit JTC only at high levels of stress. If an individual has less than
optimal prefrontal and dopamine functioning, such as those who
have elevated schizotypal traits [48], then stress may have less of
an impact. Due to the cross-sectional nature of our studies, future
research would benefit by examining reasoning biases following
experimentally or ecologically induced stress while also recording
physiological reactivity and dopaminergic functioning (i.e., eye-
blink rate as proxy). Indeed, several previous studies have
examined associations between state negative affect, dysfunction-
al reasoning biases, and delusional thought processes in daily life
within the psychosis spectrum. Collectively, these studies found
that laboratory and ecologically measured JTC were linked with
state delusional experiences [49,50], though not necessarily state
negative such as stress [51].

One other important interpretation of these results is seeing
these cognitive biases as beneficial strategies of reasoning in some
contexts. Given that JTC biases are associated with quicker decision
times and not always less accurate decisions, this and BADE may be
evolutionarily adaptive. Indeed, schizotypy traits, and their
interactions with perceived stress, were not associated with
performance accuracy on our JTC task. From a survival perspective,
quicker decisions are advantageous, especially in the presence of
threat when speed is essential. Perhaps individuals low in
schizotypal traits experiencing higher perceived stress revert to
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a more efficient decision-making strategy as threat and perceived
stress increases. Thus, increased cognitive biases may be adaptive
in the short-term and not necessarily dysfunctional to an
individual’s daily life. With that said, the current studies examined
perceived stress in a relatively larger temporal epoch (i.e., past
month) rather than an acute, short-term stressor. As noted earlier,
misinterpretation regarding threat is common in those with
schizophrenia-spectrum disorders and these misinterpretations
may be present notwithstanding the severity of perceived stress
within the past month as our findings suggest. These dysfunctional
cognitive biases represent vital treatment targets across multiple
widely implemented interventions [17]. Further research on the
potentially adaptive utility of cognitive biases in daily life in clinical
and nonclinical populations is warranted.

There are several limitations of these current studies worth
noting. First, subjects were drawn from undergraduate popula-
tions, so they likely reflect some of the highest functioning
individuals on the psychosis continuum. This sample’s neuro-
cognitive functioning, while potentially less than optimal in
individuals high in schizotypal traits, far surpasses that of
individuals with schizophrenia [25]. It is unclear to what degree
results from these studies generalize to individuals with more
severe functional deficits from schizotypy. This sample may have
a higher level of functioning because of adaptive beliefs,
strategies, and other resilience factors — which could include
effective stress management techniques. Hence, the present
studies may highlight resources that help mitigate potentially-
dysfunctional effects of stress on cognitive systems. That being
said, reasoning biases in schizotypy appeared to be pronounced
even at low-stress levels suggesting dysfunctional cognitive
biases are occurring even in the context of low perceived threat
situations. For individuals with elevated schizotypal traits, low
levels of stress may have similar effects on reasoning systems as
those observed in other individuals only under high levels of
stress and our current results support this interpretation. The lack
of change in reasoning biases associated with schizotypal traits
could reflect a near asymptotic performance (achieved under
much lower levels of stress compared to individuals with low
schizotypy). Secondly, our understanding of perceived stress was
limited to self-report, and our methodology was correlational in
design. Future research could experimentally manipulate acute
stress levels to evaluate their direct effects on reasoning biases.
Stress levels could also be confirmed using physiological
measures, although as noted previously, the subjective experi-
ence of stress in individuals with schizotypy may be more
meaningful to examine. Relatedly, a meta-analysis by Ross and
colleagues [19] highlighted the current studies’ limitations with
the BEAD task. Namely, that associations between the ]JTC
obtained via the BEAD task and delusion formation and
maintenance varied in effect size due to confounds such as
current psychiatric symptoms, negative symptoms, IQ, working
memory capabilities, and sample size. Moreover, the BEAD task
distributed beads in a fixed order which may lead to order effects.
Finally, the BADE task itself has been subject to scrutiny regarding
varying scoring methodology [52] and this represents a limitation
in our studies as well (i.e., exclusively using emotional lures).
Future research should attempt to extend our findings by using
alternative laboratory-based reasoning biases tasks.

These limitations notwithstanding, the present studies provid-
ed some of the first consistent evidence that reasoning biases are
linked with perceived stress, yet only with respect to positive
schizotypy traits. This finding has important implications for
intervention and perhaps even predictive models of positive
symptoms. If individuals high in positive schizotypy traits exhibit
reasoning biases regardless of perceived level of stress, using trait-
like measures of perceived stress may be sufficient and other
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dynamic factors can be explored as vulnerability factors. In light of
calls for replicability, future studies can use mobile assessments to
explore the influence of acute stress and other dynamic factors
(e.g., loneliness, impulsivity, physiological arousal) on reasoning
biases in daily life. Further understanding about the role of stress
and dopamine as they relate to psychotic symptoms can enhance
our treatments, specifically pharmacological treatments already
targeting this system. Much is left to be explored, but these studies
delved deeper into the sequelae, and potentially specific mecha-
nism, of reasoning biases in individuals experiencing symptoms on
the schizophrenia spectrum.
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