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Abstract
Background Dysfunctional appraisals are a key mechanism in posttraumatic stress disorder (PTSD). Experimental manipula-
tions of appraisals via Cognitive Bias Modification-Appraisal (CBM-App) training targeting cognitions related to the ‘self’ 
has shown to affect analog trauma symptoms. The present study aimed to conceptually replicate and extend previous find-
ings by comparing a newly developed ‘world’ to the original ‘self’ training, and investigate the moderating role of locus of 
control (LOC) on intrusions.
Methods Healthy participants (N = 173) were exposed to distressing films as an analog trauma induction. Next, participants 
received positive or negative CBM-App, targeting either self- or world-relevant appraisals. Dysfunctional appraisals and LOC 
were assessed pre- and post-training. During the week after the laboratory session, participants recorded their intrusions and 
associated distress in a diary. One week later, trauma-relevant symptomatology was assessed.
Results Positive compared to negative CBM-App induced training-congruent appraisals, independent of the trained cognition 
(self vs. world). However, there was no effect on analog trauma symptoms and LOC did not moderate the training’s effect.
Conclusions Our results underline the validity of CBM-App as a method to experimentally manipulate appraisals. However, 
since we did not fully replicate previous findings further research on mechanisms associated with transfer effects is warranted.
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Introduction

Cognitive models of Posttraumatic Stress Disorder (PTSD) 
postulate that dysfunctional appraisals about the trauma and 
its sequelae (e.g. the thought that the event changed one’s 
life permanently to the worse, or that the world is a danger-
ous place) play a fundamental role in the development and 
maintenance of PTSD (e.g. Brewin et al., 1996; Dalgleish, 
2004; Ehlers & Clark, 2000; Foa et al., 1989; cf. McNally & 
Woud, 2019). For example, according to the cognitive model 
of PTSD by Ehlers and Clark, (2000), dysfunctional apprais-
als may, for example, increase a feeling of current threat, 
which in turn triggers various symptoms, such as intrusive 
memories of the trauma.

In support of these models, dysfunctional trauma-related 
appraisals have been shown to be associated with symptoms 
of PTSD (Foa et al., 1999; for a meta-analysis, see Gómez de 
La Cuesta et al., 2019), and to directly predict PTSD symp-
toms longitudinally above initial symptom severity (Ehring 
et al., 2008; Kleim et al., 2007). Further, dysfunctional 
appraisals are positively associated with the use of safety 
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behaviors, which, in turn, predicts symptom severity and 
can maintain pathology (Beierl et al., 2019). Results from 
clinical studies have provided evidence that the reduction of 
dysfunctional appraisals precedes symptom reduction during 
trauma-focused cognitive behavioral therapy and cognitive 
processing therapy, but not vice versa (Kleim et al., 2013; 
Schumm et al., 2015; for a review, see Brown et al., 2019).

These findings offer robust evidence for a key role of 
dysfunctional appraisals in PTSD; however, these find-
ings do not provide evidence for the potential causal role of 
dysfunctional appraisals. In order to investigate a potential 
causal risk factor, a systematic manipulation of the factor 
of interest is required (Kraemer et al., 1997). Techniques 
developed within the framework of Cognitive Bias Modifi-
cation (CBM) (Koster et al., 2009; Woud & Becker, 2014) 
offer such an approach, via Cognitive Bias Modification 
– Appraisal (CBM-App) training. Previous studies have 
shown that such training can indeed induce training con-
gruent appraisal styles towards (analog) trauma-relevant 
symptoms (Woud et al., 2012, 2013, 2018c). Specifically, 
participants who received a CBM-App training designed to 
induce a more functional appraisal style (positive training) 
adopted a more functional appraisal style towards a distress-
ing film than participants who received a training designed 
to induce a more dysfunctional appraisal style (negative 
training) (Woud et al., 2012, 2013). These results showed 
that CBM-App successfully induced a training-congruent 
appraisal style. Further, those participants who received a 
positive training after the distressing film further reported 
fewer intrusions of the film in the following week (Woud 
et al., 2012) and participants who received a positive training 
prior to a distressing film reported less distress caused by 
the intrusions compared to those trained negatively (Woud 
et al., 2013). The latter effect of the CBM-App training was 
also found in a study in which participants re-imagined an 
autobiographical distressing event (Woud et al., 2018c) 
with positively trained participants reporting less intrusion 
distress compared to negatively trained participants in the 
week after the training. In this study, the CBM-App training 
was delivered after an initial reactivation of the event and 
the training was followed by a further reactivation. Finally, 
a recent randomized controlled trial compared a positive 
CBM-App training delivered in eight sessions over two 
weeks to a sham training condition as a treatment add-on 
for inpatients receiving trauma-focused treatment as usual 
(Woud et al., 2021). It was found that the positive training 
induced a more functional appraisal style and led to less 
severe PTSD symptoms directly after the training than the 
sham training condition.

To summarize, there is evidence from several differ-
ent strands of research that dysfunctional appraisals are 
linked to symptom severity in PTSD, and that their reduc-
tion is associated with symptom reduction. Further, it has 

been shown that a positive compared to a negative CBM-
App training successfully induces a training congruent 
appraisal style (for a review, see Woud et al., 2017) with 
training-congruent effects on trauma-related symptoms in 
an analog and a clinical setting, which is line with core 
predictions of cognitive models of PTSD. These latter 
findings, however, represent an early stage of investiga-
tion, and systematic follow-up work is needed to both rep-
licate and refine them.

Accordingly, our first aim was to conceptually replicate 
previous findings concerning the effects of the CBM-App 
training on both appraisal style and analog trauma symp-
toms  (e.g. Woud et al., 2012, 2013, 2018b). We used a 
design similar to the study by Woud et al., (2012), therefore 
participants were exposed to distressing film clips and were 
allocated to either positive or negative CBM-App, followed 
by an assessment of analog trauma symptoms (e.g. via a 
one-week intrusion diary). Our second aim was to extend 
previous findings by investigating whether a CBM-App 
training targeting appraisals of the world (e.g. The world 
is a dangerous place) would have equal effects as the origi-
nal training targeting appraisals of the self (e.g. The trauma 
turned me into a bad person). The stimuli of the CBM-App 
trainings used in previous studies (Woud et al., 2012, 2013, 
2018b, c) were all based on the self-subscale of the Posttrau-
matic Cognitions Inventory (PTCI) (Foa et al., 1999), due 
to the strong association between self-appraisals and symp-
toms of PTSD (Bryant & Guthrie, 2005, 2007). However, 
this leaves it unclear (i) whether targeting trauma-related 
appraisals with other contents (e.g. derived from the other 
PTCI subscales ‘world’ or ‘self-blame’) would also induce 
a valence-congruent appraisal style, (ii) whether the respec-
tive training would then have content specific effects on the 
PTCI subscales, and (iii) whether this would also influence 
analog trauma symptoms correspondingly. To illustrate, it 
has been shown that appraisals regarding the world are also 
associated with symptoms of PTSD (Lancaster et al., 2011; 
van Heemstra et al., 2020; for a meta-analysis, see Gómez de 
La Cuesta et al., 2019), which thus offers a promising route 
for the development of CBM-App training versions targeting 
a broader spectrum of appraisals (the self and the world). In 
future clinical applications, these different training versions 
could potentially be matched to patients depending on the 
nature of their dysfunctional appraisals or be used in combi-
nation with each other. This is of particular interest as it has 
been suggested that different types of dysfunctional apprais-
als are associated with different dysfunctional behavioral 
strategies (cf. Ehlers & Clark, 2000) and thus the manipu-
lation of specific appraisals might affect (analog) PTSD-
related symptoms differently. Accordingly, in the present 
study, we aimed to test the effects of a CBM-App training 
targeting world-related appraisals. World-related apprais-
als were chosen instead of self-blame as there is equivocal 
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evidence for the association between self-blame and PTSD 
(Startup et al., 2007, for a recent review, see Gómez de La 
Cuesta et al., 2019).

Finally, our third aim was to investigate a potential fac-
tor that could be associated with the effects of CBM-App 
training on analog trauma-related symptoms, namely locus 
of control (LOC). LOC describes the extent to which indi-
viduals believe that they can control their circumstances by 
their actions (internal LOC), or whether their circumstances 
are governed by instances outside of their control (external 
LOC) (Rotter, 1966). In other words, the LOC describes 
how individuals appraise the controllability of their lives. In 
the context of PTSD, it has been shown that a more internal 
LOC is associated with resilience in the context of PTSD 
following a traumatic event (Chung et al., 2006; Karstoft 
et al., 2015), while a more external LOC is associated with 
more severe posttraumatic stress symptoms (Zhang et al., 
2014). Given its relationship with PTSD symptoms and par-
ticularly given its definition, LOC thus overlaps conceptually 
with the concept of (dysfunctional) appraisals. Specifically, 
LOC can be regarded as a meta-concept inherent to dys-
functional appraisals, in that many dysfunctional appraisals 
concern the controllability of the traumatic situation itself 
or the associated symptoms, for example when appraising 
one’s helplessness during the traumatic event in a negative 
manner (i.e. lack of control) or when appraising intrusions as 
a sign that one is losing control (cf. Ehlers & Clark, 2000). 
Based on this conceptual link, we thus investigated whether 
levels of LOC moderate the training’s effect on intrusive 
memories with the idea that a more internal LOC might be 
associated with a lower susceptibility to effects of CBM-
App training while a more external LOC be associated with 
greater susceptibility.

For the aims of the current study, we recruited a sample 
of healthy participants and exposed them to a set of dis-
tressing film clips in the laboratory (cf. James et al., 2016). 
Afterwards, participants received either positive or negative 
CBM-App training, targeting appraisals of either the self 
or the world. Dysfunctional appraisals were assessed pre- 
and post-training via the Encoding Recognition Task (ERT) 
(Mathews & Mackintosh, 2000). Levels of LOC as well as 
posttraumatic cognitions (PTCI) were also assessed pre- 
and post-training, and at one-week follow-up. Further, an 
intrusion diary was used to record intrusion frequency and 
distress in the week following the training. PTSD-related 
symptoms were measured during the follow-up assessment 
with the Impact of Event Scale—Revised (IES-R) (Maercker 
& Schützwohl, 1998; Weiss & Marmar, 1997).

Our main hypotheses were as follows: First, we expected 
a less dysfunctional appraisal style in the positive compared 
to the negative CBM-App conditions at post-training on the 
ERT, irrespective of the trained cognition (self / world). 
Second, we expected that this effect would generalize to 

the PTCI at post-training and follow-up i.e. lower scores in 
the positive compared to the negative training conditions. 
However, we expected cognition-congruent effects on the 
PTCI subscales, thus we expected this effect to be greater 
on the subscale targeted in the training, i.e. a greater dif-
ference between the positive and negative condition on the 
self subscale for the self condition, and vice versa for the 
world condition. Further, we expected lower IES-R scores 
at follow-up as well as fewer intrusive memories and less 
intrusion distress on the intrusion diary for the positive com-
pared to the negative CBM-App condition, independent of 
the trained cognition. Finally, we expected that LOC would 
moderate the training’s effect on intrusions (i.e. frequency 
and distress) in such that the between group difference for 
the positive versus negative CBM-App training would be 
greater amongst participants with lower levels of internal 
LOC/higher levels of external LOC.1 Additionally, via 
exploratory analyses, we investigated whether there was an 
association between the LOC and dysfunctional appraisals 
as measured via the ERT and the PTCI at baseline.

Methods

Recruitment and Screening

Participants were recruited via social media and the noti-
ceboards at Ruhr-Universität Bochum (RUB). Interested 
participants contacted the study team via e-mail and were 
then asked to complete an initial online screening. Due to 
the use of the trauma film paradigm, the screening served 
as an eligibility check to exclude participants who could be 
disproportionately negatively affected by the study (e.g. due 
to mental health problems) or otherwise did not meet the 
general inclusion and exclusion criteria. Regarding the latter, 
the online screening assessed symptoms of depression meas-
ured via the Beck Depression Inventory-II (BDI-II) (Beck 
et al., 1996; German version: Hautzinger et al., 2006), and 
participants were also asked whether they had previously 
suffered from a psychological disorder or were currently 
suffering from one, and if so to indicate the disorder. The 
screening also included questions about demographic infor-
mation and trait anxiety was assessed via the State and Trait 
Anxiety Inventory-Trait version (STAI-T) (Spielberger et al., 
1983; German version: Laux et al., 1981). Participants were 
included if they were fluent in written and spoken German 
and aged between 18 and 35 years. The latter criterion was 

1 In this study LOC was analyzed on three dimensions: Internal, 
Powerful others-, and Chance-related, with the latter two dimensions 
representing an LOC laying outside of the own person, thus we took 
them into account as dimensions of a more external LOC (Levenson, 
1973).
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applied to recruit a relatively homogenous sample in order 
to reduce between-subject variability and by this increase 
statistical power. Exclusion criteria were the following: 
BDI-II total score of > 18, potential suicidality (indicated 
by a score of > 0 on item 9 on the BDI-II), a self-reported 
current or past diagnosis of PTSD, color-blindness or red-
green deficiency, or participation in previous studies using 
the same CBM-App procedure. Participants received either 
course credit or 15€ as an incentive for participation. The 
study was approved by the local ethics committee of the 
Psychology department at RUB (approval number: 338). 
All participants gave written informed consent prior to par-
ticipation. We aimed to recruit enough participants to have 
about 40 per condition after any exclusions for example for 
missing diary data. This was not based on a specified power 
calculation to find a particular outcome, but rather based on 
having at least as large a sample per condition as previous 
studies in this line of research (e.g. Woud et al., 2012).

Material

Trauma Films

As in previous CBM-App studies (e.g. Woud, et al., 2018b), 
the trauma film paradigm was used as an analog trauma in 
the laboratory (James et al., 2016). For the present study, we 
used the films as used by Woud et al., (2012). The trauma 
films contained 11 distressing film clips (e.g. footage of 
the 9/11 terrorist attacks) with a duration of 1–3 min each 
(20 min in total), and participants were instructed to watch 
the films imagining themselves as bystanders actually pre-
sent at the scene.

CBM‑App Training

The CBM-App training was a computerized sentence-
completion paradigm used in previous studies (Woud et al., 
2012, 2013). Participants were presented with open-ended, 
ambiguous sentences targeting trauma-relevant appraisals. 
After each sentence, a word fragment appeared, resolving 
the sentence’s ambiguity in a training-congruent manner. 
Participants were instructed to complete the word frag-
ment by typing in its first missing letter (e.g. My reactions 
to the event show that my way of processing is he_lthy / 
unsucc_ssful; positive condition: healthy, negative condi-
tion: unsuccessful). There were 72 ambiguous, appraisal-
related sentences and 8 neutral filler sentences, presented 
in 8 blocks of 10. The sentences within each block were 
presented in random order. Thirty-two sentences were fol-
lowed by a short comprehension question regarding the last 
presented sentence (answers: yes or no) to ensure ongoing 
concentration and compliance to the task.

The training scenarios for the self training conditions 
were derived from the self subscale of the PTCI (as used 
by Woud et al., 2012, 2013, 2018b, c). For the purpose of 
the present study, a second training version was developed, 
targeting appraisals of the world, using the PTCI world sub-
scale as a foundation to create the scenarios (e.g. The world 
is full of mir_cles/haz_rds; positive condition: miracles, 
negative condition: hazards). As such, there were four con-
ditions, based on the between group factors Valence (Posi-
tive vs. Negative) and Cognition (Self vs. World): positive 
self-training, negative self-training, positive world-training, 
negative world-training. Participants were allocated to these 
conditions via a counterbalancing sheet, therefore, every 
fourth participant was allocated to the positive-self condi-
tion etc.

Manipulation Check Measures

Mood and Attentiveness Rating

To assess the effect of the trauma films and the CBM-App 
training on mood, state negative mood was measured using 
a 11-item questionnaire consisting of ten one-word items 
assessing negative emotions (e.g. anxious) and one item 
assessing a positive emotion (happy, reversed coding for 
sum score). For every item, participants were instructed to 
rate how they were feeling right now on a 11-point scale 
ranging from 0 (Not at all) to 10 (Very much). Reliability 
ranged from α [95%-CI] = 0.88 [0.86, 0.90] at baseline to α 
[95%-CI] = 0.91 [0.89, 0.93] at post-training. Further, after 
the trauma films participants were asked to rate their atten-
tiveness to the films on a 11-point scale ranging from 0 (not 
attentive at all) to 10 (complete attention).

Encoding Recognition Task (ERT)

To test whether the CBM-App training successfully induced 
the corresponding appraisal style, an adapted version of the 
ERT (Mathews & Mackintosh, 2000) was administered. As 
in earlier CBM-App studies in the context of analog trauma, 
the ERT was adapted as such that stimuli were designed to 
assess dysfunctional appraisals related to traumatic events or 
its sequelae (e.g. Woud et al., 2012, 2018c). The ERT con-
sists of two phases: First there is an encoding phase during 
which participants are presented with 10 novel ambiguous 
scenarios (e.g. I can easily imagine how people would evalu-
ate me if they would know the whole …). Every scenario is 
presented with an introductory title (e.g. The whole story) 
and participants are asked to keep this title in mind. As in 
the CBM procedure, the scenario’s final word is presented 
as a word fragment that participants are asked to complete 
by typing in the first missing letter (e.g. fragment: st_ry, 
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resolved: story). In contrast to the CBM procedure, how-
ever, completing the word fragment does not resolve the 
scenarios’ ambiguity.

During the recognition phase, the titles of the scenarios 
are presented again, and for each title four novel sentences 
are presented in random order. Participants are instructed 
to rate how similar the meaning of each sentence is to the 
scenario corresponding to the title using a 4-point scale 
ranging from 1 (Not similar at all) to 4 (Very similar). Two 
out of these four sentences are target sentences that resolve 
the ambiguity of the scenario in either a positive or a nega-
tive way (e.g. Positive: If people knew the whole story, they 
would think of me as brave, Negative: […] they would think 
of me as cowardly). The other two sentences are foil sen-
tences, one with a positive and one with a negative meaning 
(e.g. Positive: […] they would think of me as a precise story-
teller, Negative: […] they would think of me as an unprecise 
storyteller). However, neither of these foil sentences resolve 
the scenario’s ambiguity. Scoring in the current study fol-
lowed that of previous studies in this line of research (Woud 
et al., 2012, 2018c). That is, via the similarity ratings, a rela-
tive bias score was computed by subtracting the mean simi-
larity ratings of the negative target sentences from the mean 
similarity ratings of the positive target sentences. In this 
way positive scores (i.e. > 0) indicate a more positive than 
negative appraisal style, and vice versa for a negative bias.

There were two different versions of the ERT, matched 
with participants’ training condition. That is, participants in 
the self condition did the ERT with scenarios related to the 
self while participants in the world condition did the ERT 
with scenarios related to the world. For all participants, the 
ERT was applied pre- and post-training. There were two sets 
of scenarios for each version (A and B), and their order was 
counterbalanced via a predefined counterbalancing scheme. 
Reliability ranged from α [95%-CI] = 0.83 [0.76, 0.90] (Ver-
sion B, world ERT, pre-training) to α [95%-CI] = 0.96 [0.95, 
0.98] (Version B, world ERT, post-training).

Outcome and Moderator Measures

Posttraumatic Cognitions Inventory (PTCI)

The PTCI (Foa et al., 1999; German version: Ehlers, 1999) 
consists of 33 statements (e.g. The world is dangerous) con-
cerning appraisals of a traumatic event. It contains three sub-
scales: Cognitions regarding the self (21 items), the world 
(7 items) and self-blame (5 items). For every statement, 
participants are instructed to rate their level of agreement 
on a 7-point scale ranging from 1 (completely disagree) to 7 
(completely agree). For the purpose of this study, the instruc-
tions of the PTCI were adapted in such that participants 
were asked to answer the questionnaire in relation to the 
trauma films. For the baseline assessment, participants were 

instructed to answer the questionnaire in relation to an own 
negative life event (Bryant & Guthrie, 2005, 2007; Woud 
et al., 2013). Reliability for the full scale ranged from α 
[95%-CI] = 0.95 [0.94, 0.96] at baseline to α [95%-CI] = 0.96 
[0.95, 0.97] at follow-up, and for the subscales from α [95%-
CI] = 0.73 [0.67, 0.80] (subscale self-blame at post-training) 
to α [95%-CI] = 0.95 [0.94, 0.96] (subscale self on every 
assessment).

Impact of Event Scale Revised (IES‑R)

The IES-R (Weiss & Marmar, 1997; German version: Mae-
rcker & Schützwohl, 1998) is a 22-item self-report ques-
tionnaire assessing reactions to a specific traumatic event. 
The questionnaire consists of three subscales: Intrusions 
(7 items), avoidance (8 items) and hyperarousal (7 items). 
The instructions of the questionnaire were adapted to fit our 
study design, thus participants had to rate how they reacted 
to the trauma-films in the following week on a 4-point scale 
ranging from 1 (Not at all) to 4 (Often). Reliability for the 
full scale was α [95%-CI] = 0.85 [0.82, 0.88], and ranged 
from α [95%-CI] = 0.59 [0.50, 0.68] (hyperarousal subscale) 
to α [95%-CI] = 0.82 [0.78, 0.86] (intrusions subscale) for 
the subscales.

Intrusion Diary

Participants were instructed to record their intrusions in the 
week following the first laboratory session in a structured 
diary (Woud et al., 2018c) as well as the distress caused by 
each intrusion on a scale ranging from 0 (not distressing at 
all) to 100 (extremely distressing). Intrusions were described 
to the participants as sudden, involuntary memories about 
the trauma films that can occur in forms of mental imagery, 
verbal thoughts, or a combination of both (cf. Woud et al., 
2012, 2013, 2018c). Participants were asked for a short 
description of each intrusion to ensure that they were linked 
to the trauma films and that they were not remembered vol-
untarily. Intrusions that could not be linked to the trauma 
films were excluded from the analysis. Intrusion distress was 
scored by dividing a participant’s the sum of the distress 
ratings by the total number of intrusions reported by the 
participant, thus participants reporting no intrusions were 
not included in the intrusion distress analyses.

Levenson’s Internal, Powerful Others and Chance scale (IPC)

The IPC (Levenson, 1973; German version: Krampen, 
1979) consists of 24 statements about the perceived LOC 
(e.g. Whether or not I get to be a leader depends mostly on 
my ability). It contains three subscales, each consisting of 
eight items: Internal, Powerful others, and Chance. For every 
statement, participants are instructed to rate their level of 
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agreement on a 7-point Likert scale ranging from − 3 (strong 
disagreement) to 3 (strong agreement). Reliability ranged 
from α [95%-CI] = 0.46 [0.34, 0.58] (subscale Powerful oth-
ers at baseline) to α [95%-CI] = 0.70 [0.63, 0.76] (subscale 
Powerful others at follow-up).

Additional Questionnaire Measures

Further questionnaires were assessed to describe the sample 
at baseline. State-anxiety was assessed via the STAI-State 
version (STAI-S) (Spielberger et al., 1983; German version: 
Laux et al., 1981) and prior exposure to traumatic events was 
assessed via the Trauma History Checklist (THC) (Holmes 
& Steel, 2004). At the end of the study, a feedback ques-
tionnaire was administered to assess, the participants’ diary 
compliance and opinion about the purpose of the CBM-App 
training. For more information on these questionnaires, see 
the Supplementary material.

Procedure

After participants completed the online screening, eligible 
participants were invited to the laboratory. Upon arrival, 
participants gave written informed consent and were allo-
cated to one of the four CBM conditions via a predefined 
counterbalancing sheet. After that, participants were given 
the baseline questionnaire battery consisting of the THC, the 
STAI-S, the first IPC, the first PTCI, and first mood rating. 
After that, the trauma film clips were presented, followed by 
a second mood rating and the attentiveness rating. Then, the 
pre-training ERT was applied, followed by the CBM-train-
ing. After that, mood was assessed again and participants 
completed the post-training ERT, the post-training PTCI, 
and IPC questionnaire, respectively. At the end of the first 
day in the laboratory, participants were given the intrusion 
diary and its use was explained.

One week later participants returned to the laboratory. At 
first, they handed in their intrusion diary. While the experi-
menter checked whether the intrusions reported in the diary 
were linked to the trauma films, participants completed the 
follow-up questionnaires, i.e. the IES-R, the follow-up PTCI, 
the follow-up IPC, the film-relevance and feedback question-
naire. Afterwards, each intrusion that could not be clearly 
linked to one of the trauma films was discussed with the par-
ticipants. Finally, participants were debriefed and received 
their incentive. For a tabular overview of the procedure and 
further information regarding used materials, see Supple-
mentary Material.

Statistical Approach

Baseline characteristics and the attentiveness to the trauma 
films were compared using 2 × 2 (Valence: Positive, 

Negative; Cognition: Self, World) between group ANOVAs. 
A chi-squared test was conducted for the variable ‘Gender’. 
The effect of the trauma films on mood was analyzed using 
a mixed linear model with a random intercept for individual 
participants (Between-subject factors: Valence: Positive, 
Negative; Cognition: Self, World; Within-subjects factor: 
Time: Pre-Films, Post-Films). We expected to only find a 
significant main effect of the within subject factor ‘Time’ 
which would be indicative of a mood worsening after trauma 
film exposure across all four conditions.

As a manipulation check for the effect of the CBM-App 
training on the ERT post-training, we conducted a 2 × 2 × 2 
(Valence: Positive, Negative; Cognition: Self, World; Order 
ERT Set: AB, BA) ANCOVA, controlling for the pre-train-
ing ERT bias score. Here, our expectation was to find a sig-
nificant main effect of Valence, with means showing a more 
positive bias score in the positive conditions compared to 
the negative conditions. Effects of the CBM-App training 
on the PTCI self- and world subscale at post-training and 
follow-up were tested via mixed linear models with random 
intercepts for individual participants (Between subject fac-
tors: Valence: Positive, Negative; Cognition: Self, World; 
Within subject factor: Subscale: Self, World), with the PTCI 
total score at pre-training as the covariate separately for post-
training and follow-up.2 We expected to find a significant 
main effect of Valence with lower PTCI scores in the posi-
tive compared to the negative valence conditions. However, 
we expected to find this effect to be qualified by a significant 
Valence x Cognition x Subscale three-way interaction, with 
a greater effect of Valence on the training-congruent PTCI 
subscale (i.e. the self subscale for the self training and the 
world subscale for the world training).

Effects of the training on the IES-R and intrusion fre-
quency and distress assessed via the diary were analyzed 
using 2 × 2 (Valence: Positive, Negative; Cognition: Self, 
World) ANOVAs. For each analysis, we expected to find a 
significant main effect of Valence but no other significant 
main effects or interactions, indicating lower analog symp-
toms in the positive than in the negative valence conditions 
irrespective of the trained cognition.

Further, we investigated the moderating role of the pre-
training LOC in the effect of Valence on the number of 
intrusions and the intrusion distress reported in the diary. 
This was done using stepwise regression. We expected to 
find significant two-way interactions between Valence and 
the respective IPC subscale, with smaller effects of Valence 
for a higher internal LOC and greater effects of Valence 

2 Due to the different number of items in each subscale (Self: 
21, World: 7), mean scores instead of sum scores were used as the 
dependent variable. The mean centered total sum score was used as 
the covariate.
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for a more Powerful others or Chance related LOC. Finally, 
in exploratory analyses, we investigated the associations 
between the ERT, the PTCI, and each subscale of the IPC 
at baseline via computing Pearson correlations with two-
sided significance tests, except for the association between 
the ERT and the PTCI for which we tested one-sided due to 
our expectation for a negative correlation.

To test for the equivalence of the self- and the world train-
ing, we supplemented the frequentist analyses of our main 
hypotheses with the computation of Bayes Factors (BFs) 
which allow quantifying the evidence in favor of either the 
H0 (effect of a variable is not greater than zero) or the H1 
(effect of a variable is greater than zero). In this study, a 
 BF10 < 1 is indicative of the presence of an effect while 
 BF10 > 1 is indicative of its absence. More extreme num-
bers indicate stronger evidence with 0.33 ≤  BF10 ≤ 3 being 
considered as anecdotal evidence for the presence or absence 
of an effect, respectively3 (cf. Meyer et al., 2020 for inter-
pretation conventions).

All analyses were run in RStudio version 1.1.463 (RStu-
dio Team, 2016). ANOVAs and ANCOVAs with type III 
sums of squares were calculated using the package ‘afex’ 
(Singman et  al., 2020). Effect sizes are expressed as 

generalized eta-squared (η2
G). Linear mixed models were 

calculated using the package ‘nlme’ (Pinheiro et al., 2020) 
using maximum likelihood estimation. Effect sizes for these 
models were calculated by dividing the coefficient of a spe-
cific effect in the model by the square root of the sum of 
variances of the random effects (Brysbaert & Stevens, 2018). 
Post-hoc pairwise comparisons with Bonferroni correction 
for following up significant interactions were calculated 
using the package ‘emmeans’ (Lenth, 2020). BFs were cal-
culated using the package ‘BayesFactor’ (Morey & Rouder, 
2018) with default (Cauchy) priors and ‘participant’ as a ran-
dom factor for within-subject analyses. Hierarchical linear 
regression for moderation analyses was computed using the 
package ‘stats’ (R Core Team, 2020). For more information 
on the computation of BFs, contrasts and variable prepara-
tions, see Supplementary Material.

Results

Participant Characteristics

A total of N = 174 participants were tested. Due to an 
administrative error, one participant (allocated to the Posi-
tive World condition) with a BDI-II total score of 20 was 
included in the testing sessions, and thus excluded from 
further analyses. The final sample therefore consisted of 
N = 173 participants (sex: 70.52% female, age: M = 24.02, 

Table 1  Baseline characteristics and sample description

* Results of 2 × 2 (Valence: Positive, Negative; Cognition: Self, World) ANOVAs. Only the largest F statistic / smallest p value is shown. a = Dur-
ing the online screening, 4 participants (2 allocated to the positive world, 2 to the negative self condition) did not answer the STAI-T. b = Due to 
an administration error the first 107 participants answered only the first 9 questions of the THC instead of the complete set of 13 questions. An 
independent groups Welch-test revealed no difference in the THC sum score between the participants who answered 9 or 13 questions, respec-
tively, t(171) = .65, p = .518, d = .101. BDI-II Beck Depression Inventory-II, ERT Encoding Recognition Task, IPC Levenson’s Internal, Powerful 
Others, and Chance scale, Int Internal, Pow Powerful Others, Cha Chance, PTCI Posttraumatic Cognitions Inventory, STAI-Trait/State State and 
Trait Anxiety Inventory Trait/State version, THC Trauma History Checklist

Measure Positive CBM-App M (SD) Negative CBM-App M (SD) Statistics*

Self (N = 44) World (N = 42) Self (N = 44) World (N = 43)

Age 23.93 (3.63) 24.05 (3.94) 23.61 (3.21) 24.49 (3.74) F(1, 169) < .81, p > .371
Sex: Female/male 27/17 26/16 37/7 32/11 Χ2(3) = 7.49, p = .058
BDI-II 5.09 (4.64) 3.98 (4.07) 4.68 (4.90) 4.56 (3.95) F(1, 169) < .85, p > .359
STAI-Traita 36.07 (9.37) 35.47 (8.70) 35.22 (10.05) 35.88 (8.17) F(1, 165) < .21, p > .655
STAI-State 34.93 (8.77) 34.29 (10.36) 31.86 (5.65) 32.88 (6.39) F(1, 169) < 3.39, p > .067
THCb .80 (1.15) .93 (1.24) 1.02 (1.44) .84 (.92) F(1, 169) < .76, p > .385
Mood pre-trauma film 13.45 (13.35) 12.81 (12.78) 10.36 (7.42) 11.16 (9.30) F(1, 169) < 2.02, p > .157
ERT bias score pre-training .16 (1.03) .45 (.77) .08 (1.06) .18 (.96) F(1, 169) < 1.80, p > .181
PTCI pre-training 94.52 (35.08) 80.78 (33.07) 90.80 (30.87) 85.02 (36.76) F(1, 169) < 3.56, p > .060
IPC—Int pre-training 35.23 (5.71) 37.26 (5.33) 35.05 (5.47) 35.26 (4.63) F(1, 169) < 1.94, p > .166
IPC – Pow pre-training 19.23 (4.84) 17.29 (5.91) 16.77 (6.07) 18.86 (4.97) Valence x Cognition:

F(1, 169) = 5.86, p = .017, η2
G = .034

IPC—Cha pre-training 19.55 (5.70) 17.95 (5.93) 19.55 (5.34) 19.05 (6.52) F(1, 169) < 1.37, p > .243

3 For example, a  BF10 = 2 means that the given data would be 
twice as likely under the H1 than under the H0, and vice versa for a 
 BF10 = .05.
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SD = 3.62, range = 18–34 years). There were no baseline 
differences between the four groups except for the Pow-
erful others subscale of the IPC for which post-hoc pair-
wise comparisons revealed no significant group differences 
(ts(169) < 2.20, ps > 0.221) (see Table 1). One participant 
(allocated to the Negative World condition) did not return for 
the second day. As such, this participant was only included 
in analyses regarding the first day. Three participants (two 
allocated to the Positive World condition, one to the Positive 
Self condition) completed the follow-up questionnaires at 
home and returned them via e-mail together with the diary, 
as they could not attend the second session in the laboratory 
due to illness or holidays. These participants were included 
in all analyses.

Manipulation Checks

Mood Change Pre‑post Trauma Film Clips

We found the expected significant main effect of Time, 
t(169) = 16.79, p < 0.001, d = 1.49,  BF10 = 1.36 ×  1037, 
indicating a general significant increase in negative mood 
from pre- to post trauma films across all four conditions 
(Pre: M = 11.94, SD = 10.95; Post: M = 36.39, SD = 20.92). 
Unexpectedly, there was a significant Time x Valence 
interaction, t(169) = 2.16, p = 0.032, d = 0.19,  BF10 = 1.23, 
indicating that mood changed differently over time for the 
positive versus negative conditions. Post-hoc pairwise com-
parisons showed that negative mood significantly increased 
in both the positive and negative conditions (Positive: 
t(85) = 10.32, p < 0.001, d = 1.14; Negative: t(86) = 13.44, 

p < 0.001, d = 1.48), however, there was no significant dif-
ference between the positive and the negative conditions 
in mood after the trauma films, t(171) = 1.54, p = 0.125, 
d = 0.19. Further, there was a significant Time x Cognition 
interaction, t(169) = 2.42, p = 0.017, d = 0.21,  BF10 = 2.19. 
Post-hoc pairwise comparisons showed that negative mood 
increased in both the self and the world conditions (Self: 
t(87) = 13.70, p < 0.001, d = 1.50; World: t(84) = 10.08, 
p < 0.001, d = 1.12). Comparing negative mood after the 
trauma films, results showed that participants in the self con-
dition had more negative mood post-film than participants in 
the world condition, t(171) = 2.75, p = 0.007, d = 0.33.

In summary, the negative mood of participants increased 
irrespective of the condition, yet negative mood post-trauma 
films was higher in the self compared to the world condi-
tions. For descriptive statistics of manipulation check and 
outcome data, see Table 2. For further descriptive statistics 
such as interactions with the covariates, see Table S1 of the 
Supplementary Material.

Attentiveness to the Trauma Films

The groups all showed high levels of attentiveness to the 
trauma films and did not differ in this aspect as indicated by 
non-significant main effects and a non-significant interaction 
(Fs(1169) < 1.45, ps > 0.230,  BF10s < 0.33).

ERT

As expected, we found a significant main effect of 
Valence, F(1,  163) = 154.14, p < 0.001, η2

G = 0.424, 

Table 2  Model based 
descriptive statistics of 
Manipulation check and 
outcome data

Estimated marginal means and standard errors of the respective models are presented. a = Only participants 
who reported at least one intrusion (N = 141) were included in the intrusion distress analyses. One partici-
pant allocated to the negative world condition did not return for the second day and is therefore excluded 
from analyses concerning the second day. For analyses in which the interaction with the covariate was 
included, values represent the estimated marginal mean and standard error at the mean level of the covari-
ate. ERT Encoding Recognition Task, PTCI Posttraumatic Cognitions Inventory, IES-R Impact of Event 
Scale – Revised

Measure Positive CBM-App EMM (SE) Negative CBM-App EMM (SE)

Self (N = 44) World (N = 42) Self (N = 44) World (N = 43)

Mood post-trauma film 37.66 (2.50) 31.10 (2.56) 41.93 (2.50) 34.60 (2.53)
Attention to movie 9.41 (.12) 9.36 (.12) 9.61 (.12) 9.37 (.12)
ERT bias score post-training 1.33 (.14) 1.25 (.14) − 0.26 (.14) − 0.57 (.14)
PTCI Self and World subscale 

combined mean, post-training
2.95 (.12) 2.93 (.12) 3.33 (.12) 3.34 (.12)

PTCI Self and World subscale 
combined mean, follow-up

2.49 (.13) 2.58 (.13) 2.78 (.12) 2.78 (.13)

IES-R total score 34.69 (1.18) 31.12 (1.21) 31.37 (1.18) 34.03 (1.21)
Intrusion frequency 4.07 (.62) 3.24 (.64) 3.20 (.62) 3.77 (.63)
Intrusion  distressa 38.11 (3.75) 34.49 (3.91) 33.40 (3.91) 38.11 (3.80)
Number of excluded intrusions 6 11 13 3
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 BF10 = 1.16 ×  1021, indicating a more positive bias score after 
the CBM-App training in the positive compared to the nega-
tive conditions (Positive: EMM = 1.29, SE = 0.10; Negative: 
EMM = -0.41, SE = 0.10). This effect was independent of 
the trained cognition as indicated by a non-significant main 
effect of Cognition, F(1, 163) = 1.84, p = 0.177, η2

G = 0.009, 
 BF10 = 0.34, as well as a non-significant Valence x Cogni-
tion interaction, F(1, 163) = 0.69, p = 0.408, η2

G = 0.003, 
 BF10 = 0.24. For analyses of foil sentences, see Supplemen-
tary Material.

Outcome variables

PTCI

At post-training, we found the expected significant main 
effect of Valence, t(168) = 3.35, p = 0.001, d = 0.21, 
 BF10 = 2.76, indicating lower PTCI scores at post-training 
in the positive compared to the negative conditions (Positive: 
EMM = 2.94, SE = 0.08; Negative: EMM = 3.33, SE = 0.08). 
This effect was independent of Cognition as indicated by 
a non-significant main effect of Cognition, t(168) = 0.06, 
p = 0.955, d < 0.01,  BF10 = 0.13, and a non-significant 
Valence x Cognition two-way interaction, t(168) = 0.10, 
p = 0.920, d = 0.01,  BF10 = 0.19. Unexpectedly, however, the 
Valence x Cognition x Subscale interaction was non-signifi-
cant t(168) = 0.14, p = 0.887, d = 0.01,  BF10 = 0.22, indicat-
ing that the effect of the training Valence on the respective 
PTCI subscale did not differ between the self and the world 
training.

At follow-up, we found inconclusive evidence for a 
main effect of Valence t(167) = 1.98, p = 0.049, d = 0.13, 
 BF10 = 0.46, and this was independent of the trained cogni-
tion as indicated by a non-significant main effect of Cogni-
tion, t(167) = 0.36, p = 0.722, d = 0.02,  BF10 = 0.14, and a 
non-significant Valence x Cognition two-way interaction, 
t(167) = 0.35, p = 0.730, d = 0.02,  BF10 = 0.18. Further, as in 
the post-training analyses, the expected Valence x Cognition 
x Subscale interaction was non-significant, t(168) = 0.59, 
p = 0.595, d = 0.02,  BF10 = 0.26.

In summary, at post-training we found lower PTCI scores 
on both the self- and the world subscale in the positive com-
pared to the negative condition. Unexpectedly, however, 
there was no differential effect of the self or the world train-
ing on the corresponding subscales. At follow-up, effects 
followed the same pattern as at post-training.

IES‑R

For the IES-R, we did not find the expected main effect 
of Valence F(1, 168) = 0.03, p = 0.864, η2

G = 0.000, 
 BF10 = 0.17, indicating no overall difference in analog 
trauma symptoms between the positive and negative 

conditions. Further, there was no significant main effect 
of Cognition F(1, 168) = 0.15, p = 0.704, η2

G = 0.001, 
 BF10 = 0.16, showing that the self- and the world condi-
tions did not differ. Unexpectedly, there was a significant 
Valence x Cognition interaction F(1, 168) = 6.85, p = 0.010, 
η2

G = 0.039,  BF10 = 4.55. Post-hoc pairwise comparisons, 
however, revealed no differences between the four groups 
(ts(168) < 2.13, ps > 0.212,  BF10s < 1.17) with weak anec-
dotal evidence for a higher IES-R score in the positive 
self condition compared to the positive world condition, 
 BF10 = 1.06, as well as compared to the negative self condi-
tion,  BF10 = 1.16. In summary, we did not find the expected 
lower overall IES-R scores in the positive compared to the 
negative conditions.

Intrusion Diary

In total, 81.98% (n = 141) of the participants reported 
at least one intrusive memory of the trauma films in the 
diary.4 There was no difference between the four conditions 
in whether participants had intrusive memories or not, χ2 
(3) = 0.87, p = 0.834. Contrary to our expectation, the main 
effect of Valence on intrusion frequency was not significant 
F(1, 169) = 0.07, p = 0.790, η2

G < 0.001,  BF10 = 0.17 indicat-
ing no difference between the positive and negative condi-
tions in the number of intrusions. Further, the main effect 
of Cognition as well as the Valence x Cognition two-way 
interaction were non-significant (Fs < 1.25, ps > 0.267, 
η2

G < 0.008,  BF10 < 0.40). We found a similar pattern for 
intrusion distress, in that neither the main effect of Valence 
or Cognition, nor their two-way interaction were significant 
(Fs(1, 137) < 1.19, ps > 0.279, η2

Gs < 0.100,  BF10s < 0.43). 
In summary, we did not find the expected lower intrusion 
frequency and associated distress in the positive compared 
to the negative condition.

LOC Moderation

Contrary to our expectations we did not find any signifi-
cant interactions between the LOC subscales and Valence, 
indicating that LOC was no moderator of the effect of 
Valence on the intrusion frequency. However, the power-
ful others LOC predicted the number of intrusions with 
a higher powerful others LOC being associated with a 

4 In total n = 651 intrusions were reported. Of those, thirty-three 
(5.07%) were excluded as they were either reported as being actively 
remembered (e.g. when thinking of the study), not being associated 
with the trauma films, or participants did not describe them in the 
diary and did not give a description during the second laboratory ses-
sion. The number of excluded intrusions did not differ between the 
conditions (Fs(1, 167) < 1.68, ps > .197,  BF10s < .47). For more infor-
mation, see Table 2.
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higher number of intrusions in the diary. For intrusion 
distress, in contrast to our expectations, we did not find 
any significant interactions between the LOC subscales 
and Valence, demonstrating that the LOC was not a mod-
erator of the effect of Valence on intrusion distress (for 
details and statistics of moderation analyses, see Table 3).

Exploratory Correlational Analyses

To further examine our pattern of results, we investigated 
the baseline associations between the ERT, the PTCI, and 
the LOC. We found the ERT bias score to be negatively 
correlated with the PTCI total score, demonstrating that 
a more positive appraisal style on the ERT was associ-
ated with less dysfunctional appraisals on the PTCI. Fur-
ther, the PTCI was negatively correlated with the Internal 
LOC and positively correlated with the Powerful others 
and Chance related LOC, indicating that more dysfunc-
tional appraisals on the PTCI were associated with a less 
internal and more external LOC. However, we did not 
find a significant association between the ERT bias score 
and the subscales of the IPC, indicating no association 
between appraisals as measured via the ERT and the LOC 

(for correlation indices, see Table 4). For additional anal-
yses and results, see the Supplementary Material.

Discussion

The present study had three aims: (i) conceptually repli-
cating findings of previous CBM-App studies that CBM-
App induces a training congruent appraisal style in analog 

Table 3  Moderation of the effect of Valence on diary intrusion frequency and distress through LOC

* p < .05, **p < .01. Scores on each IPC subscale were z-standardized before the analysis. Only participants who reported at least one intrusion 
were included in the intrusion distress analyses. IPC Levenson’s Internal, Powerful Others, and Chance Scale, Int Internal, Pow Powerful Others, 
Cha Chance

Intrusion Frequency (N = 172) Intrusion Distress (N = 141)

Predictors R2 F B SE t BF10 R2 F B SE t BF10

Step 1 .01 .45 .01 .01 .41 .01
Valence (1 = positive, -1 = negative) .08 .31 .27 .27 1.92 .14
Cognition (1 = self, -1 = world) .07 .31 .21 − .27 1.92 .14
Valence x Cognition .35 .31 1.11 2.08 1.92 1.08

Internal ΔR2 F-change B SE t BF10 ΔR2 F-change B SE t BF10

Step 2 .02 3.37 .82  < .01 .58 .24
IPC-Int − .58 .32 1.84 1.50 1.97 .76
Step 3 .02 3.35 1.26  < .01  < .01 .25
IPC Int x Valence − .58 .32 1.83  < .01 1.98  < .01
Powerful others
Step 2 .04** 7.45** 5.87 .01 1.37 .35
IPC-Pow .86 .31 2.73** 2.30 1.97 1.17
Step 3 .02 2.99 .96 .01 1.18 .44
IPC-Pow x Valence .54 .31 1.73 − 2.14 1.97 1.09
Chance
Step 2 .02 3.24 .82 .02 3.00 .79
IPC-Cha .57 .31 1.80 3.38 1.95 1.73
Step 3  < .01  < .01 .22  < .01 .17 .27
IPC-Cha x Valence  < .01 .32  < .01 .81 1.96 .41

Table 4  Baseline correlations between dysfunctional appraisals and 
LOC

N = 173. Pearson correlations are presented. * < .05, **p < .01, 
***p < .001. a = one-sided, b = two-sided. ERT Encoding Recogni-
tion Task, PTCI Posttraumatic Cognitions Inventory, IPC Levenson’s 
Internal, Powerful Others, and Chance Scale, Int Internal, Pow Pow-
erful Others, Cha Chance

Measure 1 2 3 4 5

1. ERT bias score – – – – –
2. PTCI total score − .24***a – – – –
3. IPC – Int .13b − .24**b – – –
4. IPC – Pow − .05b .23**b − .18*b – –
5. IPC – Cha − .07b .25**b − .25***b .40***b –
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trauma and leads to corresponding effects on trauma-related 
symptoms, (ii) examining the effects of a CBM-App training 
targeting cognitions related to the world, and (iii) testing 
the moderating role of LOC regarding the training’s effect 
on intrusions and intrusion distress. The CBM-App training 
successfully induced a valence-congruent appraisal style, 
i.e. positive training led to a more functional appraisal style 
than negative training on the ERT. Importantly, this effect 
was independent of the type of trained cognition (i.e. self 
vs. world). The training’s effect generalized to posttraumatic 
cognitions assessed with the PTCI directly after the training. 
That is, PTCI scores in the positive training condition were 
lower than in the negative training condition at post-training, 
again for both types of cognitions. However, this effect was 
not maintained until follow-up, in that the evidence for a 
difference between the positive and the negative conditions 
was inconclusive at this timepoint. Nevertheless, we found 
these effects to be independent of the type of trained cogni-
tion. Further, contrary to our expectations we did not find 
that the self- and the world training had different effects on 
the respective PTCI subscales. We did not find any group 
differences on the IES-R, or in the diary regarding intrusion 
frequency or distress. Finally, and the LOC did not serve 
as a moderator on the training’s effects on neither intrusion 
frequency nor distress.

Regarding our first aim, we were successful in concep-
tually replicating previous findings of the effect of CBM-
App on appraisals (Woud et al., 2012, 2013, 2018b, c)  in 
that the positive compared to a negative CBM-App training 
induced the corresponding appraisal style on the ERT. This 
effect also generalized to the PTCI directly after the training, 
which further supports the training’s validity. However, in 
line with Woud et al., (2018c) , we found this effect to be 
not maintained until follow-up as shown by inconclusive 
evidence on group differences at this time-point.

When broadening the scope of our interpretations, we 
did not replicate earlier findings (Woud et al., 2012, 2013, 
2018c)  on the effect of CBM-App training on analog trauma 
symptoms such as diary-intrusion frequency and distress or 
the IES-R, as we did not find any CBM-App effects on these 
outcome measures. There are a number of potential reasons 
why the present study did not find a training effect on analog 
trauma symptoms, and in particular intrusive memories. 
Importantly, our findings partly match earlier results on 
transfer effects of CBM-App in analog trauma. While one 
study found fewer intrusions on an intrusion diary in a posi-
tive compared to a negative CBM-App training when the 
training was presented after the trauma films (Woud et al., 
2012), this effect did not replicate in further studies, both 
in the context of the trauma film paradigm and an autobio-
graphical distressing event (Woud et al., 2013, 2018a, b, c). 
Taking our findings into account, this offers evidence for the 
conclusion that positive vs. negative CBM-App applied in 

analog trauma does not reliably affect intrusion frequency. 
Moving on to further outcomes, our results also do not rep-
licate earlier studies that found less intrusion distress after 
positive compared to negative CBM-App (Woud et al., 2013, 
2018c)  as well as lower analog symptoms assessed via a 
symptom questionnaire (Woud et al., 2018c). Here, our find-
ings contribute to equivocal evidence on whether CBM-App 
in the context of analog trauma generalizes to intrusion dis-
tress or a symptom questionnaire. Some variability in results 
between studies may result lack of reliable effectiveness of 
the CBM-App in analog settings or from differences in sam-
ples and details of the administration leading to variation in 
how effectively the film or negative life event could function 
as an analog of a traumatic event. Generally, these findings 
raise questions about the circumstances under which effects 
of CBM-App may transfer to intrusive memories. One rea-
son for our findings and the earlier equivocal evidence on 
the transfer of CBM-App could be that applying CBM-App 
training in a single session is not always sufficient to robustly 
affect intrusive memories and analog PTSD symptoms in 
general. This explanation is also put forward by Vermeu-
len et al., (2019) (for a discussion on dose response effects 
of CBM-App training, see Hallion & Ruscio, 2011; Jones 
& Sharpe, 2017). Given that we only found equivocal evi-
dence for an effect of the CBM-App training on appraisals 
at follow-up, it seems plausible that the change in appraisal 
style induced was transient and insufficient to have an impact 
on analog symptoms. As such, future research may want 
to focus on testing whether the training’s effect depends 
on the training’s dose, optimally in combination with the 
stability of the induced training effect. Inconsistent (far) 
transfer effects are a more general and known problem in 
CBM research (cf. Hertel & Mathews, 2011; MacLeod et al., 
2009) and identifying the mechanisms that may boost and 
hinder transfer will be an important issue for future research. 
Here, novel methods of investigating intrusions, for example 
via Ecological Momentary Assessment (EMA) (e.g. Rattel 
et al., 2018) could provide more sensitivity to detect poten-
tial training effects and their temporal stability.

Regarding our second aim, we found that the CBM-App 
training targeting cognitions related to the world was simi-
larly effective to the CBM-App training targeting cognitions 
related to the self in inducing a valence-congruent appraisal 
style on the ERT. Further, both trainings generalized simi-
larly to the PTCI in such that the positive conditions had 
lower PTCI scores at post-training compared to the nega-
tive conditions. Unexpectedly, no clear training effect was 
found at follow-up for the positive and negative conditions, 
irrespective of the targeted cognition. Further, in contrast 
to our expectations, we did not find training-specific effects 
on the PTCI subscales, thus there were no specific effects 
of the CBM-App training on the respective PTCI subscale 
from which the training’s stimuli were derived. While this is 
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in line with the above-mentioned findings that both trainings 
generalized equally to the PTCI, it questions whether the 
self- and the world-training actually induced their respec-
tive appraisal style, or whether a general positive/negative 
appraisal style was induced irrespective of the appraisals’ 
content.

Our third aim was to investigate a moderating factor 
potentially associated with the training’s transfer to analog 
trauma symptoms. Specifically, we tested the moderating 
role of baseline LOC in the training’s effect on intrusive 
memories. Contrary to our expectations, we did not find the 
LOC to be a moderator in this context, neither for intrusion 
frequency nor distress. The most parsimonious explanation 
is that the LOC is just not a moderating factor in the current 
paradigm. Whereas LOC has indeed been shown to be asso-
ciated with PTSD symptoms (Karstoft et al., 2015; Zhang 
et al., 2014), Chung and Reed, (2017) found no association 
between LOC and dysfunctional appraisals following the 
experience of stillbirth. These findings are partly mirrored 
by our results: We found that the baseline powerful others 
LOC to predict more intrusions in the diary, yet we found no 
association for the internal or chance related LOC deliver-
ing mixed evidence for the role of LOC in the occurrence 
of intrusive memories. Further, through our correlational 
results at baseline we found LOC to be associated with dys-
functional appraisals measured via the PTCI but not via the 
ERT, questioning whether dysfunctional appraisals and LOC 
can be interpreted as strongly conceptually linked. In this 
context, our findings do not support the LOC as a crucial 
factor in the transfer of the effects of CBM-App to analog 
symptoms of PTSD after a trauma film, yet the partially 
exploratory nature of our analyses as well as the low reli-
ability of our LOC measure warrants cautious interpreta-
tion. While LOC did not moderate the effect of CBM-App 
on intrusions in our study, given the analog nature of our 
study it will still be valuable to investigate LOC further in 
the context of actual trauma and PTSD, for example its role 
regarding the prevention and treatment of PTSD. Further, 
simply measuring LOC as in the current study would not 
allow causal conclusions to be drawn, and future studies 
focusing specifically on the role of LOC could benefit from 
including an experimental manipulation of LOC in order 
to investigate the impact of more internal or external LOC.

Our findings need to be interpreted in the context of 
a number of limitations. First, participants receiving the 
world training only received an ERT including scenarios 
related to the world and vice versa for the self training. 
This leaves it unclear whether the different training types 
actually were unsuccessful in inducing their content-
specific appraisal style or whether this reflects a lack of 
specific generalization to the PTCI. Further, our concep-
tualization of intrusions in the diary as it was introduced 
to the participants included intrusive images as well as 

thoughts, and a combination of both. While this is in line 
with prior studies applying CBM-App in an analog trauma 
context we cannot rule out that this broad conceptualiza-
tion of intrusions led to an inclusion of other concepts 
that are not easy to distinguish for participants such as 
ruminative thoughts about the trauma films. Further, we 
found low reliability indices for the IPC with which LOC 
was assessed and the hyperarousal subscale of the IES-
R, which in turn affects the reliability of our conclusions 
concerning the results using these measures. We further 
note that there were some statistically significant dif-
ferences between the conditions in negative mood after 
watching the trauma film. While this adds another caveat 
to the interpretation of our results, these differences were 
small compared to the overall changes in mood observed, 
and it is difficult to see how they might have influenced 
our findings, if at all. However, it would be preferable if 
experimental conditions were balanced on all pre-manipu-
lation measures, and in future methods such as stratifying 
randomization based on mood change while watching the 
film could be used to avoid such imbalances. Additionally, 
while the application of the trauma film paradigm in a 
healthy sample is commonly used as an experimental psy-
chopathology model of trauma exposure (cf. James et al., 
2016), our study has limited generalizability to an actual 
trauma context. Further, although we used the same film 
as previous studies (Woud et al., 2012, 2013), participants 
in our study recorded fewer intrusions (e.g. in the nega-
tive condition) compared to these previous studies. This 
might indicate that some differences between the studies 
(e.g. sample, details of administration) may have led to the 
film being a less effective analog trauma in our study and 
reduced our ability to find effects of the training. Also, our 
study did not include a neutral control condition. Our find-
ings therefore cannot deliver evidence on whether analog 
trauma-related symptoms were decreased or increased by 
the positive or negative training, respectively.

To conclude, our CBM-App training successfully induced 
a valence-congruent appraisal style following analog trauma, 
using both a CBM-App training targeting appraisals of the 
self, or a newly developed training targeting cognitions of 
the world, providing evidence for the validity of CBM-App 
as an experimental manipulation of trauma-relevant apprais-
als as measured via the ERT and the PTCI. However, given 
that we found no transfer to the IES-R or intrusions, our 
study highlights the importance of investigating factors that 
are associated with an (un-)successful transfer of CBM-App 
effects to such analog trauma-related symptoms in future 
research. While we investigated the LOC as such a poten-
tial moderating factor, our study suggests that its role in the 
transfer appears negligible.
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