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ABSTRACT

Recent accounts of predictive processing in posttraumatic stress disorder (PTSD) suggest that
trauma-exposed individuals struggle to update trauma-related hypotheses predicting danger,
which may be involved in the etiology and maintenance of this disorder. Initial research
supports this account, documenting an association between trauma-exposure, impaired
expectation updating, and PTSD symptoms. Yet, no study to date has examined biased
belief updating in PTSD using a scenario-based approach.

Objective: Here, we examined the predictive processing account among trauma-exposed and
non-trauma-exposed individuals using a modified Trauma-Related version of the Bias Against
Disconfirmatory Evidence task.

Method: The task presents both danger-and safety-related scenarios highly relevant for
trauma-exposed individuals. For each scenario, participants viewed several explanations and
rated their plausibility. Their ability to update their initial interpretation following new-
contradictory information was assessed.

Results: Preregistered analyses did not reveal any significant findings. Based on indications
that our sample may not have been sufficiently powered, we conducted exploratory
analyses in an extended sample of participants. These analyses yielded a significant
association between reduced belief updating and PTSD symptoms which was evident for
disconfirming both safety and danger scenarios. However, the effect sizes we found were in
the small-to-medium range.

Conclusion: Although preliminary, our current findings support initial evidence that
individuals with higher PTSD symptoms show a higher resistance to update their beliefs
upon new disconfirmatory evidence. Our results should be interpreted cautiously in light of
the extended sample and the limitations of the current study.

iLa Evidencia No Confirmatoria da forma a las Creencias relacionadas
con la Seguridad y el Peligro de las Personas Expuestas al Trauma?

Antecedentes: Relatos recientes sobre el procesamiento predictivo en el Trastorno de Estrés
Postraumatico (TEPT) sugieren que las personas expuestas a un trauma luchan por actualizar
las hipotesis relacionadas con el trauma que predicen el peligro, que puede estar
involucradas en la etiologia y el mantenimiento de este trastorno. La investigacion inicial
respalda esta explicacién y documenta una asociacién entre la exposicion al trauma, la
alteracion de la actualizacidn de las expectativas, y los sintomas de TEPT. Sin embargo, hasta
la fecha ningun estudio ha examinado la actualizaciéon de creencias sesgadas en el TEPT
utilizando un enfoque basado en escenarios.

Objetivo: Aqui, examinamos la teoria del procesamiento predictivo entre individuos expuestos
y no expuestos al trauma utilizando una versién modificada relacionada con el trauma de la
tarea de Sesgo contra la Evidencia No Confirmatoria (BADE, por sus siglas en inglés).
Método: La tarea presenta escenarios relacionados tanto con el peligro como con la seguridad,
altamente relevantes para las personas expuestas al trauma. Para cada escenario, los
participantes vieron varias explicaciones y calificaron su verosimilitud. Se evalué su
capacidad para actualizar su interpretacién inicial siguiendo informacion nueva vy
contradictoria. Resultados: Los andlisis previamente registrados no revelaron ningun
hallazgo significativo. Basandonos en indicios de que nuestra muestra podria no haber
tenido suficiente potencia, realizamos analisis exploratorios en una muestra ampliada de
participantes. Estos andlisis arrojaron una asociacion significativa entre la reduccién de la

ARTICLE HISTORY
Received 24 November 2023
Revised 11 March 2024
Accepted 11 March 2024

KEYWORDS

Trauma exposure; belief
updating; predictive
processing; PTSD symptoms;
scenario-based approach

PALABRAS CLAVE
Exposicion al trauma;
actualizacion de creencias;
procesamiento predictivo;
sintomas de TEPT

HIGHLIGHTS

We developed a modified
version of the Bias Against
Disconfirmatory Evidence
task.

We found significant
associations between PTSD
symptoms and belief
updating.

The association was
evident for disconfirming
both safety and danger
scenarios.

CONTACT Roxanne Sopp @ roxanne.sopp@uni-saarland.de
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/20008066.2024.2335788.

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrest-
ricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the
Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/20008066.2024.2335788&domain=pdf&date_stamp=2024-04-16
http://orcid.org/0000-0003-4461-5771
http://orcid.org/0000-0002-5420-4506
http://orcid.org/0000-0002-6496-4592
http://orcid.org/0000-0002-2811-2739
http://orcid.org/0000-0002-2409-3817
http://orcid.org/0000-0003-0877-3158
http://orcid.org/0000-0002-9883-5465
http://creativecommons.org/licenses/by/4.0/
mailto:roxanne.sopp@uni-saarland.de
https://doi.org/10.1080/20008066.2024.2335788
http://www.tandfonline.com

2 (& S.HAIM-NACHUM ET AL.

actualizacion de creencias y los sintomas de TEPT, que fue evidente al desconfirmar escenarios
tanto de seguridad como de peligro. Sin embargo, los tamafnos del efecto que encontramos

estuvieron en el rango de pequefo a mediano.

Conclusién: Aunque preliminares, nuestros hallazgos actuales respaldan la evidencia inicial de
que los individuos con mayores sintomas de TEPT muestran una mayor resistencia a actualizar
sus creencias ante nueva evidencia no confirmatoria. Nuestros resultados deben interpretarse
con cautela a la luz de la muestra ampliada y las limitaciones del estudio actual.

Many individuals worldwide experience at least one
traumatic event during their lifetime, with a preva-
lence of nearly 83% in the USA (e.g. threatened
death, severe injury, or sexual violence; Benjet et al.,
2016). For some, such trauma exposure results in the
development of posttraumatic stress disorder (PTSD;
Bryant, 2019; Kessler et al., 2017), which is character-
ized by intrusive trauma-related memories, hyperar-
ousal, avoidance of trauma reminders, and negative
alterations in mood and cognition (American Psychia-
tric Association, 2013). Yet, for others, PTSD symp-
toms do not follow. Accordingly, a core question
widely addressed in research on PTSD is that of resi-
lience - why do some individuals develop PTSD
symptoms following trauma exposure while others
do not? (Bryant, 2019; Horn & Feder, 2018; Sayed
et al, 2015). One potential answer which seems
worth exploring is distortions in belief updating —
the ways in which individuals adjust their beliefs in
light of new information. In the present study, relying
on the principles of predictive processing, which were
recently applied also to PTSD (Kube et al., 2020; Lin-
son & Friston, 2019; Wilkinson et al., 2017), we aim to
examine this possibility.

According to the principles of predictive proces-
sing, individuals develop hypotheses about the world
based on their prior experiences which are continu-
ously refined as they encounter new sensory input
(Wilkinson et al., 2017). Specifically, new information
is compared to previously held assumptions, with
these assumptions later altered to accommodate this
new information when necessary. In the context of
traumatic events, this process may alter individuals’
beliefs about the self, others, and the world in a nega-
tive way (Bernardi et al., 2019; Brown et al., 2019; Her-
zog et al., 2021; Kube et al., 2023; Woud et al.,, 2019).
Moreover, given that traumatic events can involve life-
threatening situations, it is assumed that these beliefs
are assigned a high a-priori likelihood, which results
in their persistence, regardless of incoming new dis-
confirming information (Kube et al., 2020). Thus,
the predictive processing framework of PTSD (Kube
et al., 2020) proposes that in the aftermath of trauma,
individuals struggle to update currently-held trauma-
related hypotheses regarding danger. That is, they
fail to use new and possibly disconfirmatory evidence

to revise existing trauma-related hypotheses. These
hypotheses are then consistently activated in everyday
life, promoting an excessive sense of continuous
threat, which would lead to increased attention allo-
cation to threat-related cues (for a review, see Lazarov
et al., 2019). This deficit is hypothesized to facilitate
the development of PTSD symptoms following
exposure to trauma (Howlett et al., 2021; Kleim
et al., 2013; Ter Heide et al., 2017).

Initial research exploring the predictive processing
framework of PTSD has shown promising results,
revealing an association between exposure to trauma
and impaired expectation updating (Haim-Nachum
& Levy-Gigi, 2019; 2021), and linking this impairment
to PTSD (Sopp et al., 2022). Specifically, in a study
with  trauma-exposed firefighters, participants
observed neutral or trauma-relevant images and com-
pleted an updating task associating positive (i.e. gain)
or negative (i.e. loss) outcomes with neutral stimuli
(i.e. an image of a white door with a symbol on it;
Sopp et al, 2022). These associations were then
reversed, requiring participants to update the extant
stimulus-outcome associations from positive to nega-
tive (i.e. a stimulus associated with gain was now
associated with loss) or from negative to positive (i.e.
a stimulus associated with loss was now associated
with gain). That is, when they chose to open the
door, they found out if it was associated with a gain
or loss. They then had to learn by trial and error to
predict the outcome of each door according to its sur-
rounding wall and symbol. Results showed that par-
ticipants who viewed traumatic - as compared to
neutral - images prior to the updating task showed
reduced updating, which specifically manifested in
difficulties to update the negative stimulus-outcome
associations, with this deficit positively associated
with PTSD symptoms. While these findings support
the assumption that traumatic content is more resist-
ant to updating, their generalizability to real-life
trauma is limited. Previous research focused on the
field of dysfunctional beliefs in PTSD but no studies
investigated how these beliefs are updated (Elwood
et al., 2007; White et al., 2008). Belief updating has
only been investigated in partial reversal paradigms
which assess beliefs regarding experimental stimuli,
whereas beliefs in the real world are much more



complex. Hence, effectively testing the relationship
between belief updating and PTSD requires a task
that more closely resembles real-world experiences.
A more ecological-valid task to assess belief updat-
ing processes is the Bias Against Disconfirmatory Evi-
dence (BADE; Woodward et al., 2006). In the task,
participants are shown a series of scenarios. For each
scenario, they read three statements and view four
explanations that might account for the known facts
in this particular situation. Participants are asked to
rate these interpretations’ plausibility as the scenarios
unfolded. Their ability to change their confidence of
these interpretations in line with new contradictory
information reflects flexible belief-updating. The eco-
logical validity of this task is reflected in the inclusion
of common real-life situations and the assessment of
belief updating processes that mirror those in every-
day life. The task tracks the dynamic, step-by-step
revision of new information that is depicted in a
new light, allowing a more nuanced exploration of
the processes that guide interpretation of novel evi-
dence that matches or does not match one’s initial
beliefs. In our modified Trauma-Related version of
the BADE task (TR-BADE), we included two scenario
types: 1) disconfirming-danger scenarios, which
initially implied danger but eventually had a neutral
ending (e.g. a stranger increasing his pace behind
you before he ultimately reveals himself to be running
towards the bus stop up ahead); and 2) disconfirming-
safety scenarios, which initially implied safety but
gradually unfolded in a potentially dangerous way
(e.g. an approaching dog seems friendly at a distance
but appears more aggressive as it draws closer).
Prior studies have used an emotional version of the
BADE task to test bias and inflexibility in the
interpretation of unfolding ambiguous situations, in
depression and social anxiety (Everaert et al., 2018).
It was found that if the scenario initially suggested a
negative interpretation, individuals with either symp-
toms of depression or anxiety struggled to update their
beliefs and abandon that interpretation, even when
new positive information was introduced. Further,
the severity of these symptoms was associated with
difficulties to update these beliefs (Everaert et al.,
2018). Yet, to the best of our knowledge, no study to
date has examined belief updating in PTSD using a
scenario-based approach such as the BADE task.
Using the TR-BADE task, we compared belief
updating in trauma-exposed (TE) vs non-trauma-
exposed control (NT) individuals. We hypothesized
that TE, as opposed to NT individuals, would show
reduced belief updating for scenarios that dis-
confirmed an initial sense of danger (Hypothesis
#1a) and enhanced belief updating for scenarios that
disconfirm an initial sense of safety (Hypothesis
#1b). Moreover, we predicted that the number of
trauma types experienced would be negatively
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associated with belief updating for scenarios that dis-
confirmed an initial sense of danger in TE individuals
(Hypothesis #2a) and positively correlated with belief
updating for scenarios that disconfirmed an initial
sense of safety in these individuals (Hypothesis #2b).
Additionally, we predicted that PTSD symptom sever-
ity would be negatively associated with belief updating
for scenarios that disconfirmed an initial sense of
danger in TE individuals (Hypothesis #3a) and posi-
tively correlated with belief updating for scenarios
that disconfirmed an initial sense of safety in these
individuals (Hypothesis #3b). The decision to analyze
the number of trauma types experienced and PTSD
symptom severity through separate hypotheses is
based on the recognition that these two variables
may not necessarily align in a straightforward manner.
It is possible for individuals to have experienced
numerous traumatic events without manifesting
(severe) trauma symptoms. By formulating distinct
hypotheses for each variable, we aimed to explore
the potential independent contributions of both vari-
ables to belief updating processes in trauma-exposed
individuals. In addition, we sought to explore individ-
uals’ performance of belief updating for scenarios that
disconfirmed an initial sense of safety, to assert
whether this phenomenon reflects a more general cog-
nitive tendency or is distinctly associated with danger-
related stimuli.

1. Methods
1.1. Participants

We recruited 232 Israeli participants via the online
platform Ipanel. We initially sought to recruit 154 par-
ticipants (77 female) with TE (Life Events Checklist
for DSM-5; LEC-5; Weathers, Blake, et al., 2013,
score > 1, excluding Item 17) and 78 participants (39
female) without TE (LEC-5=0, excluding Item 17).
A dichotomous question was used to determine
group assignment (‘Have you ever been exposed to
one or more of the following events?’), followed by
16 traumatic events from the LEC-5 as examples.
Subsequently, during the data analysis phase, we
discovered that some of the participants who were
originally labelled as non-trauma-exposed control
(NT) individuals nevertheless reported experiencing
indirect forms of trauma exposure (i.e. witnessing a
traumatic event) adhering to DSM-5 Criterion A of
trauma exposure. Hence, we had to adjust the group
quotas, which resulted in 189 TE participants (93
female) and 43 NT participants (23 female). Using
G*Power software (Faul et al., 2007), the sample size
to test Hypothesis #1 was based on the detection of a
small-to-medium-sized difference (d =.35;
sided) between the TE and NT group, with a power
of 0.80 and an allocation ratio of 2:1. We chose a 2:1

one-



4 e S. HAIM-NACHUM ET AL.

ration because we were interested in analyzing
regression analyses only in the TE group. The sample
size to test Hypotheses #2 and 3 was based on the
detection of a small-to-medium-sized association (r
=.20; one-sided) between trauma exposure and updat-
ing, with a power of 0.80. To assess whether effects
were driven by individuals with extreme values, we
conducted sensitivity analyses, excluding participants
with BADE values that exceeded 3.0 interquartile
ranges above the upper or below the lower quartile.

Eligible participants were at least 18 years old with
sufficient reading skills and understanding of the local
language. Participants were excluded if they: 1) missed
out on answering more than 20% of each experimental
condition; 2) constantly rated the absurd interpret-
ations most plausible; 3) failed to notice attention
checks implemented throughout the experiment (see
below). A total of 11 participants were excluded
based on these criteria. The final analysis sample com-
prised 221 participants (52% female, Mage = 46.06,
SDage = 14.74; see Table 1 for detailed sample
characteristics).

1.2. Measures

Trauma exposure. Trauma exposure was assessed
using the Life Events Checklist (LEC; Weathers,
Blake, et al., 2013), which screens for 16 traumatic
events. For each event, responders indicated whether
the event had directly happened to them; whether
they had witnessed it happen to someone else; whether
they had learned about it happening to a person close
to them; whether they were exposed to it as part of
their job; or whether none of these applied to them.
In addition, participants were asked how strongly
they feel that any traumatic event(s) that they have
experienced impacted their current life.

PTSD Symptoms. PTSD symptoms were assessed
with the Posttraumatic Stress Disorder Checklist
(PCL-5; Weathers, Litz, et al., 2013) - a 20-item ques-
tionnaire that assesses the DSM-5 symptoms of PTSD
over the past month. Participants completed the PCL-
5 in relation to the worst traumatic event from the
LEC. Responses are scored on a five-point scale ran-
ging from 0 = ‘not at all’ to 4 = ‘extremely’. Forty-one
(12.2%) participants met the clinical threshold (PCL
Sum scores >31; based on Bovin et al., 2016). This is
a sound measure that has strong psychometric proper-
ties, including convergent and discriminant validity
and test-retest reliability (Blevins et al., 2015). Internal
consistency in the current study was .91.

Depression. Depression was assessed using the
Patient Health Questionnaire-9 (PHQ-9; Kroenke
et al., 2001), a brief instrument assessing nine depress-
ive symptoms experienced over the past two weeks
(e.g. anhedonia, sleep disturbances, low self-esteem,
concentration difficulties). Responses are scored

from 0 = ‘not at all’ to 3 = ‘nearly every day’. Symptom
severity is indicated by the sum of all item scores. The
psychometric properties of this measure proved to be
adequate with a robust factor structure and good con-
sistency (e.g. Krause et al, 2010; Richardson &
Richards, 2008). Internal consistency in the current
study was .86. Due to the frequent comorbidity of
PTSD and depression in trauma-exposed individuals
(Flory & Yehuda, 2015), and updating biases in
depression (for a review, see Kube, 2023) we sought
to control this variable in our analyses.

Anxiety. The State-Trait Anxiety Inventory (STAI;
Spielberger et al., 1983) is a 40-item questionnaire
designed to measure two dimensions of anxiety,
namely, trait (STAI-T) and state anxiety (e.g. a transi-
ent emotional state; STAI-S). Items are rated on a 4-
point scale ranging from 1 = ‘notatall’ to 4 = ‘totally,
for total scores of 20-80, with higher scores indicating
higher trait and state anxiety levels. The cutoft for a
clinically-significant anxiety state and trait is between
39 and 40. This measure has shown good test-retest
reliability coefficients and good concurrent validity
(Spielberger, 1989; Spielberger et al., 1983). Internal
consistency in the current study was .94 for each
state and trait anxiety.

Cognitive Reflection. The Cognitive Reflection Test
(CRT; Frederick, 2005) is a 3-item questionnaire that
measures cognitive processing, specifically the ten-
dency to suppress an incorrect intuitive answer for a
more deliberate, correct one. An example item is ‘If
it takes 5 machines 5 min to make 5 widgets, how
long would it take 100 machines to make 100 wid-
gets?’. While the intuitive answer is 100 min, the cor-
rect answer — which requires more reflection and
conscious thought - is five minutes. The measure is
scored as the total number of correct answers (range:
0-3). Despite its brevity, the CRT is widely employed
in the literature as a reliable tool for assessing cogni-
tive reflection abilities (Barr et al., 2015; Campitelli
& Gerrans, 2014; Primi et al., 2014). By including
this test as a covariate in our analyses, we aimed to iso-
late the unique association between belief updating
and PTSD symptoms, independent of general cogni-
tive processing differences. This measure was recently
found to predict performance on biases tasks (Toplak
et al., 2011).

Sociodemographic variables, including age, gender,
education, country of birth, language proficiency,
family status, employment status, and religious affilia-
tion were assessed wusing a brief self-report
questionnaire.

1.3. Trauma-Related version of the BADE Task
(TR-BADE)

The main dependent variable was belief updating on
the TR-BADE task. Similar to the original task version
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Table 1. Demographic and psychometric characteristics for TE and NT individuals (N = 221) in Study 1 and TE individuals (N = 163)

in Study 2.

Study 1 Study 2
Variables Trauma-exposed (n =180) M (SD) Non-trauma exposed (n=41) M (SD) Significance Trama-exposed (n=163) M (SD)
Age (years) 47.11 (14.79) 4412 (15.32) p=.25 48.33 (14.33)
Female/Male 92/88 23/18 p=.57 82/81
Education (years) 15.04 (2.71) 14.46 (2.55) p=.21 15.68 (2.81)
PCL-5 11.39 (13.24) — p=.00 12.34 (13.61)
PHQ-9 4,55 (4.5) 2.71 (3.59) p=.01 5.47 (4.51)
LEC-5 4.14 (2.58) 0 p=.00
STAI State 37.33 (12.4) 33.83 (9.12) p=.04
STAI Trait 36.63 (12.15) 33.24 (10.98) p=.10
TR-BADE_DD 6.94 (3.67) 6.21 (3.33) p=.24 442 (2.7)
TR-BADE_DS 8.86 (4.06) .1 (4.58) p=.29 6.83 (3.62)
CRT 0.67 (0.92) 0.46 (0.92) p=.19

Note. The values for Female/Male and households represent frequencies. PCL-5 = PTSD checklist for DSM-5; PHQ-9 = depressive symptoms; LEC-5 = life
events checklist; STAI — anxiety scores; TR-BADE_DD = disconfirming danger scenarios; TR-BADE_DS = disconfirming safety scenarios; CRT = Cognitive

Reflection Test.

(Woodward et al., 2006), participants were shown a
series of scenarios that involved situations they could
encounter in their daily lives, and were asked to ima-
gine the events as if they were experiencing them
firsthand or seeing them through their own eyes.
They then read three statements containing further
information about each scenario and viewed several
explanations that may account for these additional
details.

The TR-BADE task included 24 novel scenarios of
common danger/safety-related situations that partici-
pants could encounter in their lives. Two scenario
types were developed, each comprised of eight scenes,
in addition to eight control scenarios. The disconfirm-
ing danger scenario type initially implied danger
(Statements 1 and 2) but eventually had a neutral end-
ing (Statement 3). For example, Statement 1 might
read: ‘It is late at night, and you are walking through
a park. You can hear a stranger walking behind you.
You suddenly get the feeling that he is following
you’. The sense of danger was then strengthened by
Statement 2: “As you start to walk faster, the stranger’s
steps start to become faster as well’. The scenario was
then resolved with a neutral ending, when participants
learned that ‘a bus is approaching, and the stranger
started running towards the station ahead’ (Statement
3). This type of scenario was inspired by potentially
traumatic events that are especially common in the
Israeli routine (e.g. living in conflict zones, experien-
cing frequent terror attacks). The second scenario
type, Disconfirming safety scenarios, included scen-
arios that initially implied safety/neutral situations
that ended more negatively in a way that implies on
a trauma-related ending. For example, here, State-
ments 1 and 2 may read: ‘It is a warm summer day,
and you are taking your dog for a walk. You can see
another dog at the end of the road approaching you’
and ‘The approaching dog is a friendly dog from the
neighborhood,” respectively, with Statement 3 stating
that “The approaching dog is flashing its teeth and
darts towards you.” These two scenario types are

inherently trauma-related; the disconfirming danger
scenarios initiate with a dangerous/trauma-related set-
ting and are subsequently disconfirmed by more neu-
tral/safe information, while the disconfirming safety
scenarios initiate with safe/neutral settings and are
disconfirmed by more dangerous, trauma-related
information. The distinction between them lies in
the direction of the outcomes. Both scenario types
were randomized and counterbalanced across partici-
pants. The eight control scenarios included four con-
trol scenarios for each valence (i.e. confirming
danger and confirming safety), and did not require
any disconfirmation (i.e. scenarios that initially
implied safety had a neutral ending, and vice versa).
We included control scenarios to make the contradict-
ing statement (i.e. Statement 3) in the disconfirmig
danger and disconfirming safety scenario types less
predictive. Hence, these trials were not included in
data analyses. Four researchers at a post-doctoral
level carefully designed and reviewed the scenarios.
The researchers are experienced in the field of updat-
ing and some of them - born and raised in Israel - are
well-familiar with stressful events that often occur in
Israel.

As in the original BADE task, following each state-
ment, participants were required to rate the plausi-
bility of four interpretations of the presented
scenario on a 21 point-scale ranging from ‘poor’ (=
1) to ‘excellent’ (=21). These interpretations were
classified as either absurd - they described interpret-
ations that remained impossible from the first state-
ment through the resolution of the scenario in
Statement 3 (e.g. in the example of a stranger increas-
ing his pace behind you, an absurd item would be: ‘the
stranger is planning to hand you an ice cream cone’);
lure - they were initially the most plausible option but
became less plausible after the third statement (two
different lures were presented alongside each scenario,
e.g. ‘The stranger has a gun and plans to mug you’; or
‘The stranger is planning to attack and batter you’);
and true — they were initially less plausible than the
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lures but became the most plausible option after State-
ment 3 (e.g. ‘The stranger is going on a bus’). The
order of the appearance of these interpretations was
randomized across statements and participants. The
main outcome (BADE score) reflects the mean change
in confidence (i.e. plausibility rating) from sentence
two to sentence three for the lure interpretations,
reflecting flexible updating. For example, a score of
eight in disconfirming danger scenarios indicates a
decrease in plausibility rating from 18 to 10 from
statement 2 to statement 3.

1.4. Procedure

All study procedures were approved by the Saarland
University’s Institutional Review Board (#22-01) in
accordance with the Declaration of Helsinki. The
study was pre-registered in January 2022 (available
at https://aspredicted.org/D2C_DST). The data were
collected online using the software Qualtrics (Provo,
USA) over two weeks in February 2022. The study
was described as a research project on ‘the relationship
between trauma exposure and interpretation of
events’. Following informed consent participants first
completed a demographic questionnaire, followed by
the TR-BADE task, and measures assessing trauma
exposure, psychopathology, and cognitive reflection.
No identifying information was collected. To ensure
data quality, we programmed attention checks through-
out the experiment requiring participants to select a
specific answer. For example, in a multiple-choice ques-
tion “‘We want to test your attention, please click on the
answer Agree’, those who selected other options (e.g.
Disagree, Strongly Agree) were considered inattentive.
The study lasted for about 40 min, and participants
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Figure 1. Means and standard errors of plausibility ratings
during disconfirming danger scenarios for true interpretations,
absurd interpretations and lures.

were given approximately 40 credit points that were
translated to money/gift cards using Ipanel service.

1.5. Data Analysis

Data analysis was performed using IBM SPSS Statistics
25, R, and JASP. The Type-I error level was set to .05
for all analyses. Degrees of freedom can vary due to
missing data. Prior to conducting analyses, we exam-
ined the distribution of all study variables for potential
outliers (data points that exceeded 3.0 interquartile
ranges above the upper or below the lower quartile
of the distribution). No outliers were detected. Note
that analyses were conducted as one-sided as we had
clear hypotheses about the direction of the effects on
the findings (See Boschen, 2023; Lakens et al., 2018).
To test Hypothesis #1, we conducted a mixed analysis
of variance (ANOVA) including Trauma Exposure (TE
vs. NT) as a between-subjects factor, and Disconfirma-
tion Type (for Disconfirming danger vs. Disconfirming
safety scenarios) as the within-subjects factor. The
BADE score served as the outcome measure. Significant
interaction effects were followed up by conducting ¢-
tests. Partial > was calculated to illustrate effect sizes.
To test Hypothesis #2 and #3, we conducted hier-
archical linear regression analyses with the BADE
score (for Disconfirming danger and Disconfirming
safety scenarios, respectively) as the dependent vari-
able. For both analyses, in the first step, all control
variables (gender, depression symptoms, and cogni-
tive reflection scores) were simultaneously entered
into the model to account for any variance explained
by these variables. For Hypothesis #2 the number of
trauma types (measured using the LEC-5) was entered
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Figure 2. Means and standard errors of plausibility ratings
during disconfirming safety scenarios for true interpretations,
absurd interpretations and lures.
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as a predictor in the second step, while for Hypothesis
#3 severity of PTSD symptoms (PCL-5 scores) was
entered as a predictor in Step 2. Standardized
regression coeflicients (f8) with t-values as well as over-
all model tests are reported. Effect sizes are illustrated
in terms of the amount of variance accounted for by
each model (adjusted R?).

2. Results

2.1. Change of plausibility ratings across
scenarios

The change of mean plausibility ratings across dis-
confirming danger and disconfirming safety scenarios
is illustrated in Figures 1 and 2 and Table 2. As
expected, plausibility ratings for Lure 1 and 2 were
found to increase from Statement 1 to Statement 2
and decrease from Statement 2 to Statement 3. By con-
trast, plausibility ratings for the true interpretations
were found to decrease from Statement 1 to Statement
2 and increase from Statement 2 to Statement 3. Plausi-
bility ratings for absurd interpretations remained at a
constantly low level.

2.2, Associations between trauma exposure and
belief updating

A significant main effect of Scenario Type emerged, F
(1,219) = 60.23, p <.001, r]p2=.216, reflecting higher
BADE scores — that is, stronger updating — for Dis-
confirming safety scenarios as opposed to Disconfirm-
ing danger scenarios, #(220) = 10.06, p < .001. None of
the other main or interaction effects reached signifi-
cance (all p-values>.230). Secondary analyses con-
ducted to explore the existence of group differences
for the control scenarios similarly did not reveal a sig-
nificant group effect or group-related interactions. In
line with the main analyses, participants showed a
stronger tendency to confirm safety-related than
danger-related scenarios.

2.3. Regression analyses

2.3.1. Associations between trauma exposure

and belief updating in TE individuals

Including LEC scores as an independent variable in
Step 2 did not add to the explanation of variance in
belief updating, neither for the Disconfirming danger
scenario type, AR’=.001, F(1,172)=0.22, p=.643,
nor for the Disconfirming safety scenario type, AR?
=.001, F(1,172) = 5.56, p = .628 (see Tables 3 and 4).

2.3.2. Associations between PTSD symptoms and
belief updating in TE individuals

Including PCL scores as an independent variable in
Step 2 did not incrementally explain variance in belief
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updating, neither for the Disconfirming danger scen-
ario, AR?=.010, F(1,172) = 1.75, p = .188, nor for the
Disconfirming safety scenario, AR*>=.010, F(1,172) =
1.84, p=.177 (see Tables 3 and 4).

2.3.3. Follow-up analyses: Extended participant
sample
While our analyses did not reveal any significant
association between PCL scores and belief updating,
regression weights indicated a trend towards a nega-
tive, yet small effect size (Disconfirming danger:
p =—.15; Disconfirming safety: = —.14). Given that
our study was powered to find a larger effect size
(8 = .20), its sample size may have been underpowered
to detect any associations between PCL scores and
belief updating. In order to test this possibility, we
used data from a separate Ipanel sample of TE individ-
uals (N = 163; for sample characteristics see Table 1),
who underwent the same study procedure and com-
pleted the same TR-BADE task as well as the LEC-5,
PCL-5 and PHQ-9. The data were collected as part
of a different registered study (for more details, see
https://osf.io/sabxz) on the role of belief updating in
the relationship between reward processes and psy-
chopathology in TE individuals and included the
same type of sample (Israeli participants). We com-
bined both samples (total N =343) and repeated the
analyses to test Hypothesis #3 (see Tables 3 and 4).

In this extended sample, PCL scores were found to
significantly add to the explained variance in belief
updating for Disconfirming danger scenarios beyond
the baseline model, AR?>=.014, F(1,339)=4.88,
p=.028. As hypothesized, higher levels of PTSD
symptoms predicted reduced updating, f=-.17,
t(339) =2.21, p=.028 (see Figure 3). That is, more
symptomatic individuals were less able to update
their initial beliefs regarding danger even when pro-
vided with disconfirmatory neutral/safe information.

PCL-5 scores were further found to improve the
prediction of belief updating for Disconfirming
safety scenarios beyond the baseline model, AR*=.016,
F(1,339) =5.61, p=.018. Contrary to our prediction,
here, higher levels of PTSD symptoms were associated
with reduced updating also for Disconfirming safety
scenarios, $=-.18, #(339)=2.37, p=.018. That is,
more symptomatic individuals were less able to update
their initial beliefs regarding safe situation even when
provided with disconfirmatory dangerous/potentially
traumatic information (see Figure 4).

No significant results emerged for associations
between LEC-5 scores and belief updating (see Tables 3
and 4).

3. Discussion

The current study examined the core assumptions of
the predictive processing framework of PTSD using
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Table 2. Mean plausibility ratings in the BADE task.

Disconfirming-danger scenarios

Disconfirming-safety scenarios

95% Confidence Std. 95% Confidence
Interval Mean Error Interval Significance
Std. Lower Upper Lower Upper
Item type  Statement Mean Error Bound  Bound Significance Bound  Bound
Lure 1 1 11.440 227 10.993 11.887 10.594 221 10.159 11.030
2 12.454 .256 11949 12960 1<2:p=.001 13.593 .250 13.100 14.086 1<2:p<.001
3 4.989 .186 4.622 5356 2>3:p=.001 4.252 181 3.895 4608 2>3:p<.001
Lure 2 1 10.221 238 9.751  10.690 10.070 213 9.651  10.490
2 10.596 249 10.105 11.086 1<2:p=.001 12316 233 11.857 12.776 1<2:p<.001
3 4.562 170 4.227 489 2>3:p=.001 4.242 170 3.906 4578 2>3:p<.001
Absurd 1 2.236 134 1.973 2.499 2.005 120 1.770 2241
2 2523 133 2.260 2785 1<2:p=.001 2.061 129 1.806 2316 1<2:p<.309
3 2.027 129 1.772 2.282 2>3:p=.001 1.745 120 1.508 1982 2>3:p<.001
True 1 7.000 158 6.689 7312 5.035 .205 4.631 5.438
2 6.058 .160 5.743 6.374 1>2:p=.001 3.798 193 3.417 4.179 1>2:p<.001
3 15.562 262 15.046 16078 2<3:p=.001 13.817 330 13.166 14469 2<3:p<.001

Note. Std. Error = Standard Error.

a scenario-based approach. Contrary to our hypoth-
eses, TE individuals were not found to show any
differences in belief updating for Disconfirming
danger and Disconfirming safety scenarios, compared
to no trauma exposed controls. In addition, our
regression analysis showed that the number of trauma
types was not predictive of belief updating in either
scenario. While PTSD severity initially showed similar
null results, increasing the sample size based on the
second power analysis based on the observed effect
size of the initial analysis revealed a number of signifi-
cant findings. Specifically, PTSD severity was found to
be predictive of belief updating for the Disconfirming
danger scenario type, echoing our predictions, but also
for the Disconfirming safety scenario type, contrary to
our hypothesis. That is, PTSD severity was associated
with reduced belief updating also for scenarios that
start as safe and become dangerous, indicating a
more general belief updating deficit.

Our finding that trauma exposure was not associ-
ated with belief updating contrasts with our hypoth-
esis as well as with previous findings suggesting that
exposure to traumatic - as opposed to neutral -
material alters updating of negative outcome expec-
tations (Sopp et al., 2022). This could be attributed

to differences between study designs since we con-
trasted updating performance between TE and NT
individuals whereas our previous study contrasted
updating performance for traumatic as compared to
neutral material in TE individuals. However, several
studies have found a similar updating deficit (Sopp
et al., 2022) in TE as opposed to NT individuals
(Croft et al., 2022; Levy-Gigi & Richter-Levin, 2014;
Levy-Gigi et al, 2014). One important factor that
may account for this result discrepancy is the ecologi-
cal validity of the task used to assess belief updating.
While the present study used a scenario-based
approach to approximate updating in real life, pre-
vious studies examined belief updating through exper-
imental learning tasks using highly standardized
stimuli (e.g. symbols or beads), which enables tapping
into the process of information processing rather than
focusing only on the output of that process. Hence,
while the present approach does yield greater ecologi-
cal validity, it might lack the ability to detect the effects
of trauma exposure on belief updating. Another
important consideration is the homogeneity of the
study sample. While the current study used a rather
heterogenous sample of individuals exposed to various
types of traumatic events in different intensities, past

Table 3. Hierarchical regression analyses for disconfirming danger scenarios in traumatized individuals, n =177 (extended

sample; n = 343).

Baseline model + LEC-5 + PCL-5
Predictors Estimates cl p Estimates (@] p Estimates cl p
(Intercept) 8.55 6.73-10.36 <.001 8.40 6.48-10.32 <.001 8.72 6.89-10.54 <.001
(8.75) (7.44 -10.06) (<.001) (8.77) (7.40 -10.14) (<.001) (8.76) (7.46 —10.06) (<.001)
PHQ-9 —0.04 —0.17-0.08 482 -0.05 —0.18-0.08 433 0.04 —0.14-0.21 677
(=0.01) (—0.09-0.08) (.868) (—0.01) (—0.09-0.08) (.889) (0.09) (—=0.03-0.21) (.152)
Gender -0.81 -1.91-0.29 148 -0.83 —1.94-0.28 140 -0.84 —1.94-0.26 132
(-1.22) (—1.99 - —0.46) (,002) -1.22 (—1.99 - —0.44) (.002) (=1.19) (—1.95 - —0.42) (.002)
CRT -0.35 —0.96-0.25 .250 -0.36 —-0.97-0.24 239 -0.41 —1.02-0.20 183
LEC-5 0.05 -0.17-0.27 643
(—0.01) (—0.16-0.14) (.917)
PCL-5 —-0.04 —0.10-0.02 .188
(—0.04) (—0.08-0.00) (.028)
R? / R? adjusted 0.024 / 0.007 0.026 / 0.003 0.034 / 0.012
(0.028 / 0.022) (0.028 / 0.020) (0.042 / 0.034)

Note. Excluding CRT scores from the main analyses (n = 180) did not change the overall pattern of the results; PHQ-9 = depressive symptoms; CRT = Cog-
nitive Reflection Test; LEC-5 = life events checklist; PCL-5 = PTSD checklist for DSM-5.
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Table 4. Hierarchical regression analyses for disconfirming safety scenarios in traumatized individuals, n = 177 (extended sample

n=343).
Baseline model + LEC-5 + PCL-5
Predictors Estimates (@] p Estimates a p Estimates @] p
(Intercept) 10.53 8.52-12.54 <.001 10.70 8.57-12.83 <.001 10.72 8.69-12.75 <.001
(11.51) (9.99-13.02) (<.001) (11.66) (10.08-13.25) (<.001) (11.52) (10.01-13.02) (<.001)
PHQ-9 —0.12 —0.26-0.01 .079 —0.12 —0.26-0.03 107 —0.03 —0.22-0.16 747
(=0.10) (=0.20 - —0.00) (.043) (—0.09) (—0.19-0.01) (.068) (0.01) (—=0.12-0.15) (.832)
Gender -0.73 —1.95-0.50 243 -0.70 —1.93-0.53 260 -0.76 —1.98-0.46 220
(—1.33) (=2.21 - —0.44) (.003) (-1.29) (—2.18 - —0.39) (.005) (—1.28) (—=2.16 — —0.40) (.005)
CRT —0.05 —0.72-0.62 .882 —0.04 —0.71-0.64 910 —-0.12 —0.80-0.56 731
LEC-5 —-0.06 —0.30-0.18 628
(—0.06) (—0.23-0.11) (.503)
PCL-5 —0.05 —-0.11-0.02 177
(—0.06) (—0.10 - —0.01) (.018)
R? / R? adjusted 0.026 / 0.009 0.027 / 0.005 0.036 / 0.014
(0.034 / 0.028) (0.035 / 0.027) (0.050 / 0.041)

Note. Excluding CRT scores from the main analyses (n = 180) did not change the overall pattern of the results; PHQ-9 = depressive symptoms; CRT = Cog-
nitive Reflection Test; LEC-5 = life events checklist; PCL-5 = PTSD checklist for DSM-5.

research used more homogeneous samples of TE indi-
viduals (e.g. first-responders), with some studies
further finding that updating deficits differ even
between different subpopulations (e.g. firefighters vs.
police officers) (Levy-Gigi & Richter-Levin, 2014).
The second aim was to explore links between PTSD
symptom severity and belief updating in TE individ-
uals. Overall, our findings indicate that an association
is present, yet smaller than anticipated. For dis-
confirming danger scenarios, we were able to demon-
strate a negative link between PTSD symptom severity
and belief updating, aligning with previous cognitive
models, suggesting that interpretation biases are a
maintaining factor of PTSD symptoms (Amir et al,
2002; Ehlers & Clark, 2000). Importantly, this
finding supports the predictive processing framework,
which assumes that TE individuals have strong
trauma-related perceptual hypotheses that are highly
resistant to updating by disconfirmatory evidence,

Partial correlation plot DD scenarios
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Figure 3. Partial regression plot for the association between
PCL-5 scores (range =0-64, M=11.84, SD=13.41) and the
BADE score for disconfirming danger (DD) scenarios.

offering nuanced insights into the nature of belief-
updating processes and their role in the etiology of
PTSD. This notion also converges with Foa and col-
leagues’ conceptualization of PTSD as a failure of
natural recovery (Foa & McLean, 2016). Natural
recovery is assumed to occur when trauma survivors
re-engage with traumatic stimuli, while experiencing
the absence of feared consequences. The predictive
processing framework makes an important addition
by highlighting that these experiences will only lead
to natural recovery if they result in updating of
trauma-associated hypotheses (or fear structures in
the model of Foa & Kozak, 1986). This may be
reflected in our finding that participants, who
struggled to use disconfirmatory evidence to update
their danger-related hypotheses also reported greater
PTSD symptom severity.

For the Disconfirming safety scenario type, we
initially hypothesized that those with higher PTSD

Partial correlation plot DS scenarios
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Figure 4. Partial regression plot for the association between

PCL-5 scores (range =0-64, M=11.84, SD=13.41) and the
BADE score for disconfirming safety (DS) scenarios.
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symptom severity would show stronger updating of
positive expectations in the light of disconfirming,
dangerous information. However, we found a negative
association between PTSD symptom severity and belief
updating for Disconfirming safety scenarios, reflecting
less revising of initial positive expectations. This
suggests a tendency for individuals with higher PTSD
symptoms levels to maintain positive beliefs even in
the presence of disconfirmatory evidence, potentially
leading to the possibility of re-entering dangerous situ-
ations and increasing the risk for further traumatization.
Similar mechanisms have been assumed to account for
revictimization in survivors of childhood trauma
(DePrince, 2005; Gobin & Freyd, 2009). Since our
measure of trauma exposure bears several limitations,
though, caution is warranted in drawing strong con-
clusions in this regard. However, future studies may
aim to dissect the extent to which a reduced tendency
to update Disconfirming safety scenarios in those with
high PTSD severity could be linked to repeated trauma
exposure, particularly in the interpersonal domain.
Overall, the effect sizes we found were in the small-to-
medium range and significant results only emerged
after extending the originally planned and preregistered
sample with an additional sample. Though this seems to
indicate limited clinical significance (Kraemer et al.,
2003), it is important to note that we used a scenario-
based approach to assess belief updating. We believe
that effects may be considerably larger if assessed in
real-world settings, which should be tested in future
studies (Feldmann et al., 2023; Kube et al., 2022; Ossola
et al., 2020). Relatedly, clinical significance is challenged
by the fact that the majority of our sample did not meet
the PTSD threshold. Future studies involving clinical
populations are thus essential to validate our findings.
If clinical significance is confirmed, interventional
research should focus on investigating strategies expli-
citly aimed at enhancing belief updating in individuals
struggling with the persistent impact of trauma.
Finally, our regression analyses revealed a substantial
gender effect that warrants attention. Specifically,
females reported higher levels of exposure to types of
traumatic events and demonstrated higher levels of
PTSD symptoms compared to males. This observed
gender disparity aligns with previous research highlight-
ing sex differences in the prevalence of trauma and vul-
nerability to PTSD (Blanco et al., 2018; OIff, 2017).
The cross-sectional design of our study constitutes
one of the study’s limitations. Since belief updating
and symptoms were assessed post-trauma and simul-
taneously, we cannot make causal inferences on the
relationship between belief updating and PTSD symp-
tom severity. Given that prospective study designs
require extensive resources, the current study aimed to
provide a preliminary assessment of correlational associ-
ations to pave the way for further, more comprehensive
research. Another limitation is our operationalization of

belief updating. That is, we chose to use a scenario-based
approach rather than assessing updating real-life beliefs
(Feldmann et al., 2023; Kube et al., 2022; Ossola et al.,
2020). Moreover, we inadvertently under sampled non-
exposed participants and may have been underpowered
to detect the effects of trauma exposure. While we were
able to test the correlational association between trauma
exposure and updating performance in our extended
sample, the LEC-5 does not assess the number of times
a specific event has happened. Hence, our measure of
trauma exposure may not have been sensitive enough
to detect correlational associations. Finally, several limit-
ations arise from our study sample and sampling strat-
egy. First, the data quality of online panels has been
criticized recently (Kees et al., 2017). However, Chmie-
lewski and Kucker (2020) suggest that detrimental
effects can be mitigated by using response validity indi-
cators and screening the data, which we implemented
by using attention checks and excluding participants
who consistently rated absurd explanations as most
plausible. Nevertheless, data quality may be reduced in
our sample, potentially reflected in the fact that our pre-
screening strategy did not result in the desired ratio of
TE vs. NT participants. However, we believe that these
constraints would likely mitigate finding existing effects
(due to noisy data) rather than resulting in false-positive
findings. Moreover, we conducted our study in an Israeli
sample of participants, who experience a high rate of
trauma exposure due to the continuous occurrence of
terror and missile attacks on the general population
(Diamond et al., 2010; Lahad & Leykin, 2010). Hence,
generalizability to other populations may be limited.
Moreover, the current sample did not have high PTSD
symptom levels with most of the participants reporting
sub-clinical symptoms, which might explain the limited
findings. Future studies may benefit from recruiting
individuals in the clinical range and applying the TR-
BADE task to trauma-exposed individuals with and
without a PTSD diagnosis to provide more nuanced
differences in belief updating. Specifically, such studies
may assess whether and how updating difficulties predict
specific symptom clusters (i.e. re-experiencing, intrusion
and avoidance). Finally, it should be emphasized that our
approach to combine sample sizes across studies is
highly exploratory and findings need to be regarded as
preliminary. Adopting a sequential Bayesian testing
approach (Schonbrodt et al, 2017) may help future
studies to overcome the limitations of our approach
while being able to adaptively increase the sample size
to detect potentially existing effects. This consideration
underscores the importance of further research to vali-
date and refine our findings.

If confirmed by prospective, longitudinal research, the
current findings may bear several practical clinical impli-
cations. One possibility is the development of interven-
tions specifically designed to optimize belief updating
in individuals prior to or immediately after trauma



exposure, with the aim of potentially reducing the likeli-
hood of symptom development (Kube & Rozenkrantz,
2021). While trauma-focused psychotherapies already
target belief updating processes, there may be room for
interventions that specifically focus on enhancing this
aspect. In this regard, expectation-optimization interven-
tions could be explored as a supplementary approach to
existing trauma-focused psychotherapies for individuals
with PTSD, with the potential to enhance treatment out-
comes (Michael et al., 2019). These interventions could
be particularly beneficial in addressing trauma-related
beliefs that are resistant to change and contribute to feel-
ings of shame and guilt. Such beliefs, like ‘T shouldn’t
have gone back to the apartment with the abuser; it
was my fault that it happened’ or ‘Had I only done some-
thing in the situation, then my mother wouldn’t have
been killed,” often interfere with successful event proces-
sing during exposure sessions (Miiller-Engelmann et al.,
2019). However, further research is required to establish
the effectiveness and feasibility of these potential clinical
implications.
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