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Abstract

To date, few studies have examined stress responses during or shortly after potentially traumatic events in real-time. In this
study, a prospective Virtual Reality analogue trauma paradigm was used to assess peri- and post-traumatic stress responses
in healthy individuals (N=80). Here we compared a range of peri-traumatic psychophysiological responses following ana-
logue trauma to a control condition. Furthermore, we aimed to identify essential regulatory mechanisms in response to an
analogue trauma and their effects on subsequent analogue trauma symptoms. Therefore, we examined the impact of subjective
and physiological emotional responses, cognitive processing, cognitive regulation and appraisal as well as flexible emotion
regulation on analogue trauma symptoms. Results of the hierarchical multiple regression analyses revealed that cognitive
processing as well as cognitive regulation and appraisal predicted analogue trauma symptoms beyond psychophysiological
responses, while flexible emotion regulation was uniquely predictive only directly afterwards. The findings provide evidence
that flexible emotion regulation might be in particular protective directly after trauma exposure and highlight the general
importance of peri- and post-traumatic cognitive factors in the development and maintenance of stress-associated psycho-
pathology, thereby supporting cognitive models of PTSD.

Keywords Stress - Cognitive processing - Emotional response - Cognitive regulation - Appraisals - Emotion regulation -
Intrusive memories - Analogue trauma - Virtual Reality

Over their lifetime, many people will witness or experience
a traumatic event, however only a fraction develop subse-
quent stress-associated psychopathology or mental disorders
such as posttraumatic stress disorder (PTSD) (Bonanno et al.
2011b). Peri- and post-traumatic factors have been found
to explain the differential development of PTSD in clini-
cal (Brewin et al. 2000; Ozer et al. 2003) and experimen-
tal studies (Ripley et al. 2017). Cognitive PTSD models
further reflect the importance of peri- and post-traumatic
responses to trauma and trauma-related symptoms (Ehlers
and Clark 2000; Laposa and Rector 2012). Other memory-
based models such as the mnemonic model of PTSD also
propose that a dysfunctional memory of a traumatic event,
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instead of the event per se, leads to PTSD (Rubin et al.
2008). A recent development of this approach comprises an
exposure-dependent model of PTSD indicating the impor-
tance of dynamically interacting symptoms of intrusions
and anxious arousal for the course of PTSD development
and maintenance (Solberg et al. 2016). Furthermore, suf-
ficient regulation of the emotions elicited in response to a
traumatic event has been shown to be critical (e.g. LeB-
lanc et al. 2011). However, it is still not clear to what extent
cognitive processing, cognitive regulation and appraisal as
well as emotion regulation affect post-traumatic symptoms
beyond the impact of the psychophysiological response.
Therefore, in the current study we aimed to investigate the
role of subjective and physiological emotional as well as
cognitive variables for the prediction of analogue trauma
symptoms, which was rarely performed in previous research
due to different research traditions. Thus, our study may pro-
vide a more comprehensive perspective about the impact of
cognitive variables in the development of analogue trauma
symptoms, while controlling for emotional subjective and
physiological responses.
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In particular, an intense peri-traumatic psychophysiologi-
cal emotional response has been found to increase the risk
of developing PTSD in clinical samples (Bryant et al. 2000;
Ozer et al. 2003) and trauma symptoms in experimental
studies (Clark et al. 2015; Regambal and Alden 2009; Rip-
ley et al. 2017). This response typically includes fear, help-
lessness, or horror (Ozer et al. 2003) as well as physiologi-
cal arousal indicated by increased heart rate (HR) and skin
conductance levels (SCL) (Brunet et al. 2001; Bryant et al.
2000; Hinrichs et al. 2018; Ripley et al. 2017; Shalev et al.
1998; Weidmann et al. 2009). Intense peri-traumatic emo-
tions have been shown to particularly impair cognitive stress
processing, resulting in intrusions and disorganised trauma
memories (Ehlers and Clark 2000; Halligan et al. 2002;
Regambal and Alden 2009; Weidmann et al. 2009). Since
previous research has focused mainly on anxiety symptoms,
we aimed to also investigate crucial peri-traumatic emotions
such as shame, guilt (Aakvaag et al. 2014, 2016; Cunning-
ham et al. 2017; Lee et al. 2001; Leskela et al. 2002; Ozer
et al. 2003), anger and sadness (Bovin and Marx 2011). In
addition, levels of subjective arousal and stress (Boden et al.
2015), as well as the perceived ability to act (Benight and
Bandura 2004; Lazarus and Folkman 1984) was found as
important in actively coping with stress and for the develop-
ment of psychopathological symptoms.

Another important peri-traumatic factor is the cognitive
processing of a stressful event (Regambal and Alden 2009).
Both data-driven and a lack of self-referent processing dur-
ing a traumatic event have been associated with higher fre-
quencies of intrusive memories and more distress regard-
ing intrusive memories in experimental analogue studies
(Halligan et al. 2002; Laposa and Rector 2012; Logan and
O’Kearney 2012). Furthermore, both peri-traumatic data-
driven and a lack of self-referent processing were associ-
ated with the development of PTSD symptoms in clinical
studies (e.g. Halligan et al. 2003). Data driven as opposed
to conceptual processing refers to processing by focusing
on sensory and perceptual details, while a lack of self-ref-
erent processing refers to a decreased ability to processes
an experience in relation to the self and autobiographical
information (Halligan et al. 2003). Intrusive memories, as
involuntary recollections of the stressful event, are rather
common in the immediate aftermath of a traumatic event,
while persisting intrusions are considered a hallmark symp-
tom of PTSD (American Psychiatric Association 2013).
Furthermore, mental occupation, referring to the amount of
time processing the stressful event and related symptoms
(Matthieu et al. 2007) and worry, as cognitive strategy to
anticipate possible future danger (Mathews 1990), has been
found to be important in the aftermath of traumatic events.

Post-traumatic maladaptive cognitive regulation and
appraisals of traumatic events (Meiser-Stedman et al. 2009)
or trauma-associated symptoms such as intrusions (Halligan
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et al. 2003) have predicted PTSD and are also included as
a separate diagnostic criteria of trauma-related negative
changes in mood and cognitions in the DSM-5 (American
Psychiatric Association 2013). Cognitive models of PTSD
(e.g. Ehlers and Clark 2000) highlight the importance of
maladaptive cognitions and appraisals in the development
and maintenance of PTSD symptoms by contributing to a
sense of ongoing threat and avoidance of trauma-related
stimuli (Dunmore et al. 2001; Halligan et al. 2003). In
particular, negative cognitions related to the self, such as
self-blame, have been found to be strongly associated with
the severity of PTSD symptoms (Hansen et al. 2014). In
addition, the perceived centrality of an experienced event
regarding the own identity seems to be related to PTSD
symptom development (Berntsen and Rubin 2006; Blix
et al. 2014; Brown et al. 2010). Furthermore, rumination
in response to a traumatic event can function as a strat-
egy to avoid trauma-related emotions and thereby prevent
trauma memory elaboration and integration. In particular,
rumination about trauma-associated stimuli has been found
to be related to PTSD symptoms (Michael et al. 2007). In
contrast, effective regulation of intense emotions has been
found to be associated with mental health (Bonanno et al.
2004; LeBlanc et al. 2011). In contrary to research aiming to
identify single adaptive or maladaptive strategies, recently
it has been shown that the flexible application of different
strategies depending on the context might be most adaptive
in coping with traumatic stress (Aldao et al. 2015; Bonanno
et al. 2011a; Seligowski et al. 2015). Since post-traumatic
insufficient stress regulation can further lead to poor adjust-
ment in the aftermath of traumatic events (Rizvi et al. 2008),
effective emotion regulation seems essential.

To investigate peri- and post-traumatic factors and pre-
vent bias-related problems of retrospective assessment we
used a real-time experimental stress induction via a mul-
tisensory Virtual Reality (VR) analogue trauma compared
to a VR neutral control condition. Previous research has
shown that VR can elicit similar stress responses and intru-
sive memories as viewing trauma films (Becker-Asano et al.
2011; Cuperus et al. 2017; Dibbets and Schulte-Ostermann
2015), and higher emotional stress responses than watch-
ing aversive pictures (Courtney et al. 2010) or a respective
stressful script-driven imagery procedure (Schweizer et al.
2018). As an advanced method in prospective analogue
designs, the VR paradigm enable additional first-person per-
spectives and person—environment interaction in a multi-sen-
sory simulation using novel olfactory stimuli and provides a
new experimental psychopathology model to study trauma
exposure and peri-and post-traumatic processes in a stand-
ardised laboratory setting (Schweizer et al. 2017, 2018).

In the current study, we aimed to gain a deeper under-
standing of the important regulatory mechanisms in response
to an analogue trauma, which influence subsequent analogue
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trauma symptoms in a real-time investigation. In particular,
the current study aimed to test the assumption of the cogni-
tive model of PTSD (Ehlers and Clark 2000) that trauma-
related maladaptive cognitions and appraisals are critical for
the development of subsequent analogue trauma symptoms
taking into account the psychophysiological stress response.
Furthermore, we investigated whether flexible emotion regu-
lation mitigates analogue trauma symptoms. Therefore, we
focused on intrusive memories, related worry and mental
occupation as earlier (Mc Farlane 2000; Solberg et al. 2016)
and on intrusion, hyperarousal, and avoidance as later ana-
logue trauma symptoms (Hansen et al. 2014; Mc Farlane
2000; Solberg et al. 2016).

As first outcome, we expected higher peri-traumatic psy-
chophysiological reactivity for all subjective and peripheral-
physiological parameters (HR, SCL) of the stress response
in the VR analogue compared to a VR neutral condition
using a repeated measure within-subjects design. As second
and main outcome, we hypothesized that (1) peri-traumatic
psychophysiological responses predict subsequent analogue
trauma symptoms after 1 day (IMQ) and 1 week (IES-R)
and that (2) dysfunctional cognitive processing (data-driven,
lack of self-referent processing) and maladaptive cognitive
regulation and appraisal (self-blame, rumination) as well as
less flexible emotion regulation predict subsequent analogue
trauma symptoms after 1 day (IMQ) and 1 week (IES-R)
above and beyond peri-traumatic psychophysiological stress
responses.

Method
Participants

Participants were recruited online and at the University of
Freiburg. A priori power analysis revealed a sample size of
80 participants would be required to detect a medium-sized
effect in a hierarchical multiple regression analysis with
seven predictors (1 —f=.80, a=.05) (Soper 2018). Exclu-
sion criteria were a prior traumatic experience (referring to
a study from Foa et al. 1997), a self-reported diagnosis of
a mental disorder or current use of medication that affects
emotions. After screening 102 individuals, and excluding a
further eight participants due to incomplete questionnaire
data sets and one participant due to cyber sickness during the
experiment and re-recruiting one participant, 80 participants
were included in the study (63 women, 17 men). The mean
age was 22 years (M =21.73; SD=2.32), and education
level was high (100% qualification for university entrance).
Informed consent was obtained from all individual par-
ticipants included in the study. The study was conducted
according to the Declaration of Helsinki and approved by the
Ethics Commission of the University of Freiburg.

Procedure

After receiving information about the study, participants
provided written informed consent and completed the base-
line questionnaires. Baseline levels of emotional physiologi-
cal parameters and subjective responses (resting state) were
assessed during (SCL, HR) and after (subjective anxiety,
arousal, guilt, shame, anger, sadness, stress, helplessness,
ability to act) watching a 5 min non-arousing film clip of
landscapes.

Participants received VR training before being exposed to
first the neutral and then the analogue trauma VR conditions.
Additional 5 min resting state phases between training and
neutral condition as well as between neutral and analogue
trauma condition were used to avoid potential carry-over
effects. The VR situation was presented in a standardised
manner until the start of the emergency situation. To allow
for the most realistic simulation, no instructions about
potential coping options in the emergency situation were
provided. To further induce a high degree of realness and
immersion in the VR analogue trauma (Bordnick et al. 2005;
Munyan et al. 2016), a smell of smoke was distributed (Wil-
helm Perfumes, Ziirich, Switzerland) by the experimenter.
After each condition, subjective anxiety, arousal, guilt,
shame, anger, sadness, stress, helplessness, and the ability
to act was measured, while SCL and HR was recorded dur-
ing the entire experiment under constant temperature control
(22 °C). Directly after the analogue trauma, cognitive pro-
cessing (CPQ), cognitive emotion regulation and appraisal
(CERQ) and emotion regulation flexibility (PACT) were
examined. After the experiment, participants were asked
to answer scenario-specific questions about VR paradigm
specific (e.g. presence) and control (e.g. compliance, atten-
tion) parameters. Finally, early analogue trauma symptoms
of intrusive memories, related worry and mental occupation
were assessed the following day (IMQ), and later analogue
trauma symptoms of intrusive memories, hyperarousal and
avoidance were assessed 1 week later (IES-R). At the end of
the study participants were debriefed.

Materials
Experimental and Control Stimuli

Both VR scenarios were based on a modification of a video-
game simulator (Valve’s Source Engine). They were visually
presented in 3-D via a Head Mounted Display consisting of
two colour displays (HMD; Type TriVisio VR Vision). A
Calibri tracker in the HMD transmitted participants’ head
movements to record changes in the visual field within
VR. Movements within the VR were performed via joy-
stick (Type Thrustmaster T.16000M). Before the VR sce-
narios, participants received VR training comprising tasks
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to familiarise participants with the handling of the techni-
cal devices and the orientation in the virtual scenario. The
game engine automatically registered the time within the
VR scenarios.

VR Neutral Condition A situation in an underground park-
ing lot without any negative events was simulated visually
(via 3-D) and auditorily (via headphones) presented as a
neutral non-stressful control condition in the virtual sce-
nario. Participants received the instruction to go to their
car, which was temporarily blocked by an uploading pickup
truck. While waiting, participants could search for and con-
tact the driver.

VR Analogue Trauma Condition An underground parking lot
with an emergency situation was presented as the analogue
trauma. The multi-sensory simulation comprised visual (via
3-D), auditory (via headphones) and olfactory (via smoke
vaporisation by a ventilator) presentation (Bordnick et al.
2005; Munyan et al. 2016). During the emergency scenario,
participants were instructed to go to their car, and a loud
detonation followed by fading lights and the smell of smoke
was presented before they reached the car. Subsequently, a
burning car and an injured man who was crying for help
were displayed in the virtual scenario. The presentation of
auditory coughing sounds as well as olfactory and visual
smoke was used for the induction of psychophysiological
threat. The VR scenario was terminated once participants
left the parking lot.

Baseline Characteristics

Socio-demographic characteristics and experience with
computer games (1 =not at all to 11 =extreme) and as a res-
cue worker (yes/no) were assessed prior to the experiment.

Psychological distress during the last 7 days concern-
ing overall psychopathology was measured with the Global
Severity Index (GSI) of the 53-item Brief Symptom Inven-
tory (BSI; Franke 2000) on a 5-point-scale (0 =not at all to
4 =extreme). The GSI has shown a high internal consistency
of a=.95 (Franke 2000).

Current depressive symptoms were examined using the
20-item simplified Beck Depression-Inventory (BDI-S; Beck
et al. 1996; Schmitt and Maes 2000) on a 6-point scale (from
0=never to 5=almost always) with a clinical cut-off value
of 35 (Schmitt et al. 2006). The BDI-S has demonstrated a
very good reliability of a=.93 (Schmitt et al. 2003).

Anxiety symptoms within the last week were assessed by
the 21-item Beck Anxiety Inventory (BAI; Beck et al. 1988;
Margraf and Ehlers 2007) on a 4-point scale (0 =not at all
to 3 =extreme). Internal consistency in non-clinical samples
was o=.76—.94 (Margraf and Ehlers 2007).
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Manipulation Check

To ensure similar exposure times between the analogue
trauma and neutral conditions, the duration within both VR
conditions were recorded from the game engine. We inves-
tigated whether the VR analogue trauma elicited a signifi-
cantly greater subjective 0—100 on a visual analogue scale
(VAS) (Lesage et al. 2012) and physiological (HR, SCL)
stress response than the neutral VR condition. As attentional
control task, we asked participants for correct detail rec-
ognition regarding the colour of a ticket machine to con-
trol for sufficient attention during the VR analogue trauma.
Furthermore, participants were asked to rate their level of
compliance in fully participating in the experiment (1 =not
at all to 6 = extreme).

VR Specific Variables

The sense of presence in VR was examined by the 14-item
IGroup Presence Questionnaire (IPQ; Schubert et al. 2001)
via the subscales sense of being there, spatial/physical pres-
ence, involvement, and experienced realism on a 7-point
scale (0=not at all to 6 =very much). The IPQ has demon-
strated an internal consistency of a=0.63-0.78 (Schubert
2003).

Participants were asked further six scenario-specific ques-
tions about their experience with the cover story, the injured
person, the perception of the smell of smoke, and the occur-
rence of cyber sickness in the analogue trauma condition.

Peri- and Post-Traumatic Questionnaires

State anxiety was investigated by the 20-item state subscale
of the State-Trait Anxiety Inventory (STAI-S; Laux et al.
1981; Spielberger et al. 1983) on a 4-point scale (1 =not at
all to 4 =very much). The STAI-S has shown internal con-
sistencies of a>.90 (Laux et al. 1981).

Peri-traumatic responses such as helplessness, shame,
guilt, anger, sadness and ability to act were assessed on
an 11-point Likert scale (0=not at all to 10 =very strong)
(Leung 2011). Stress was rated using a 0-100 VAS (Lesage
et al. 2012).

Cognitive processing of stress was assessed by the
25-item Cognitive Processing Questionnaire (CPQ; Ehlers
et al. 1998; Ehlers 2002; Halligan et al. 2002) with the
subscales data-driven processing, dissociation and lack of
self-referent processing on a 5-point-scale (0 =not at all to
4 =very strong). In the current study we used only the data-
driven and self-referent processing scales. Internal consist-
ency of the CPQ was a>.70 (Ehlers et al. 1998; Halligan
et al. 2002).

Cognitive emotion regulation strategies/appraisal were
examined on 5-point scales (1 =almost never to 5=almost
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always) by the 36-item Cognitive Emotion Regulation
Questionnaire (CERQ; Garnefski and Kraaij 2007). This
instrument consists of nine subscales, with five classified
as adaptive (acceptance, refocus on planning, positive refo-
cusing, positive reappraisal, putting into perspective) and
four as maladaptive (self-blame, blaming others, rumination,
catastrophizing). In the current study we used the validated
27-item German version of the CERQ (Loch et al. 2011)
and assessed only the subscales self-blame and rumination.
Internal consistency ranged between a=.75 and .87 (Gar-
nefski and Kraaij 2007).

Emotion regulation flexibility was assessed using the
20-item Perceived Ability to Cope with Trauma Scale
(PACT; Bonanno et al. 2011a) on a 7-point scale (1 =not
at all able to 7= extremely able). The PACT consists of the
two basic dimensions of forward focused (disengagement
from the traumatic event) and trauma-focused (engage-
ment with the traumatic event) coping. A coping flexibility
score ranging from O to 1 was calculated by the formula
F=[(2xS+ 1)/(S+L+2)], using the means of the two
coping dimensions (S =smaller mean, L =larger mean). A
higher score indicates greater flexibility. Internal consisten-
cies were a=.79-.85 (Bonanno et al. 2011a).

Analogue Trauma Symptoms After 1 Day Involuntary intru-
sive memories, related worry and mental occupation 1 day
after the analogue trauma were assessed by the modified
10-item Intrusive Memory Questionnaire (IMQ; Michael
and Ehlers 2007). The IMQ captures the frequency (absolute
number of occurrence) of intrusive memories and related
worry (“0”=not present to “100” =most extreme) regard-
ing visual images, sounds/smells and thoughts as well as
the period of mental occupation with the experienced event
and related symptoms (0-100%). We did not include items
regarding the temporal appearance of intrusive memories in
our study. Internal consistency of the IMQ in the current
study was a=.76.

Analogue Trauma Symptoms After 1 Week Post-traumatic
stress symptoms such as intrusive memories, hyperarousal,
and avoidance after 1 week following the analogue trauma
were measured with the 22-item Impact of Event Scale-
Revised (IES-R; Maercker and Schiitzwohl 1998; Weiss and
Marmar 1997) on a 4-point scale (0=not at all to 4 = often).
The IES-R displayed adequate internal consistencies, at
a=.71-.90 (Maercker and Schiitzwohl 1998).

Acquisition and Analysis of the Physiological Data

As objective biological markers we recorded SCL and HR,
both indicating emotional arousal (Boucsein 2012; Kreibig
2010). While SCL is strongly related to sympathetic activ-
ity and emotional processes (Critchley 2002) and to the

declarative memory (Soeter and Kindt 2013), HR is related
to sympathetic and parasympathetic activity as well (Bern-
tson et al. 1994; Cacioppo et al. 1994). Data recording was
performed at 400 Hz via Varioport II Systems (Becker Med-
itec, Karlsruhe, Germany). SCL was assessed via a constant
current flow voltage of 0.5 V over two 11 mmAg/AgCl elec-
trodes placed on the index and middle fingers of the non-
dominant immobilised hand at a sampling rate of 125 Hz.
A 1 Hz low-pass filter was used to smooth the SCL raw
signals. A 3-lead wire (Einthoven’s Triangle) electrocardio-
gram recorded the HR at a sampling rate of 400 Hz. During
conduction, SCL and HR were constantly controlled. Par-
ticipants were monitored and instructed to avoid movements
during the experiment. Analysis and artefact correction of
SCL and HR were performed at 1 min intervals and averaged
over 3 min per phase using ANSLAB (Blechert et al. 2016;
Wilhelm and Peyk 2005).

Data Analysis

Data analyses were performed using SPSS version 25.0.
Reactivity scores were calculated by subtracting the base-
line value from the condition value for psychophysiological
responses and ability to act. To enhance the reliability of the
outcome score and address the lack of specificity of single
measures (Hinz et al. 2000; Janig and Hébler 2000), com-
posite scores of both all peri-traumatic subjective emotional
responses (anxiety, guilt, shame, anger, sadness, helpless-
ness) as well as physiological parameters (HR, SCL) was
calculated using z-standardisation (in order to make different
answer rating scales comparable and avoiding multicollin-
earity) and used as a predictor in the regression analysis.
Furthermore, a sum score was calculated of the data driven
and self-referential subscales of the CPQ. We checked for
multivariate outliers (<3 SD) and assumptions of statistical
analysis (Hair et al. 2010).

Paired sample ¢ tests were conducted to compare psy-
cho-physiological reactivity between the analogue trauma
and neutral conditions in a repeated measure design, with
experimental condition (VR neutral, VR analogue trauma)
as within-subjects factor. Paired sample 7 tests were also con-
ducted to investigate possible differences between exposure
times of these conditions.

Associations between study variables were explored
using Pearson product-moment correlation. Hierarchical
multiple regression analyses were conducted to test the
extent to which peri-traumatic cognitive processing, post-
traumatic cognitive regulation and appraisal as well as post-
traumatic flexible emotion regulation were uniquely able to
predict (a) analogue trauma symptoms after 1 day (IMQ)
and (b) analogue trauma symptoms 1 week (IES-R) after
the VR analogue trauma, over and above peri-traumatic
psychophysiological emotional response and controlled for
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pre-traumatic depression. Predictors were chosen based on
previous research and entered according to their occurrence
in time in a series of steps to build hierarchical models.
Since previous studies suggest that depressive symptoms
are associated with analogue trauma symptoms (Laposa and
Alden 2008; Ozer et al. 2003), the BDI-S score was entered
at step one to control for pre-existing depression. The peri-
traumatic psychophysiological response to the VR analogue
trauma was entered at step two, cognitive processing during
the analogue trauma at step three, post-traumatic cognitive
regulation and appraisal at step four and post-traumatic flex-
ible emotion regulation at Step 5. As recommended for mul-
tiple regression models, all correlation coefficients between
study variables were r< 0.9, tolerance values > 0.1 and vari-
ance inflation factor (VIF) values < 10, indicating no multi-
collinearity (Hair et al. 2010). R>A was reported for the R*
change from the previous step with all predictors included
and beta for the importance of predictors.

For all analyses a significance level of a=.05 was chosen
for two-tailed conservative hypothesis testing. Effect sizes
were reported for d/d, (small=0.2; middle =0.5; large =0.8)
and f? (small =0.02; middle =0.15; large =0.35) (Cohen
1988).

Results
Baseline Characteristics

Our sample showed non-clinical levels of global psycho-
logical distress (BSI-GSI; M =0.40; SD=0.21), depression
(BDI-S; M =20.35; SD=28.85) and anxiety (BAIL; M =3.67,
SD =2.30). Participants’ experience with computer games
(M=1.62; SD=1.28) and as rescue workers (n=2; 2.5%)
was low.

Manipulation Check

The VR analogue trauma elicited significantly higher subjec-
tive and physiological (SCL, HR) stress responses than the
neutral VR condition (see Table 1), indicating a success-
ful stress versus no-stress induction. Exposure time within
the analogue trauma (M =5.01, SD=1.70) and neutral
(M=5.18, SD=0.93) conditions was not significantly dif-
ferent (#(79)=.86, p=.392). Participants showed sufficient
attention during the analogue trauma condition with a high
rate of correct detail recognition (94%) in the attentional
control task. Self-reported compliance was high (M =5.09,
SD=0.95).

VR Specific Variables

As shown in Table 2, the cover story was rated as very
plausible. The analogue trauma situation was perceived as
mainly realistic and participants were highly involved. Most
of the participants saw and wanted to rescue the injured per-
son. Most of the participants perceived the smell of smoke
within VR and rated it as highly beneficial in facilitating the
immersion in VR. Participants reported minimal degrees of
cyber sickness (see Table 2 for details).

Descriptive Statistics and Associations of Key Study
Variables

As shown in Table 3, participants showed in particular rela-
tively high levels of peri-traumatic anxiety and helplessness
and slightly higher levels of data-driven than lack of self-
referential processing. Concerning cognitive regulation and
appraisal, participants displayed more rumination than self-
blame. Furthermore, participants showed relatively frequent

Table 1 Differences in psycho-

- . - Reactivity Condition Test statistic P ESd.
physiological stress reactivity -
between the VR analogue VR neutral scenario VR analogue trauma
trauma and neutral conditions M (SD) M (SD)

STAI-S 4.44 (8.24) 19.33 (10.97) #(79)=12.52 <.001 1.40
Guilt 0.09 (1.17) 1.69 (2.42) #(79)=6.40 <.001 0.72
Shame 0.19 (1.32) 1.18 (2.09) 1(79)=3.82 <.001 0.43
Anger 0.38 (0.96) 1.49 (1.96) #(79)=5.14 <.001 0.58
Sadness —0.33(0.93) 0.96 (2.19) #(79)=5.61 <.001 0.63
Helplessness 0.48 (1.21) 5.17 (2.11) #(79)=20.29 <.001 227
Ability to act —0.05 (2.09) —1.54 (2.72) #79)=5.18 <.001 0.58
Stress 5.45 (6.81) 46.31 (17.12) #(79)=21.64 <.001 2.42
Arousal 0.01 (1.68) 4.42 (2.40) #(79)=18.81 <.001 2.10
HR 1.19 (4.17) 10.29 (7.86) #(79)=9.74 <.001 1.09
SCL 0.075 (0.337) 0.341 (0.298) #(79)=5.67 <.001 0.63

STAI-S State State-Trait Anxiety Inventory-State version, HR Heart Rate, SCL Skin Conductance Level
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Table 2 Scenario-specific variables during the VR analogue trauma
stress induction

M (SD)

Plausibility of the cover story: M (SD)* 498 (1.21)
IPQ: M (SD)®

Sense of being there 4.49 (1.35)

Spatial presence 4.20 (0.71)

Involvement 4.09 (0.50)

Experienced realism 4.03 (0.74)
Degree of cyber sickness: M (SD)* 1.32 (0.61)
Perception of smell of smoke: M (SD)? 5.69 (0.72)
Immersion facilitated by smell of smoke: M (SD)* 1.74 (0.59)
Intention to rescue the injured person: M (SD) ? 4.61 (2.07)
Failure to notice the injured person N (%) 6 (7.5%)

IPQ 1Group Presence Questionnaire
Likert-scale from 1=not at all to — 6 =extreme
bLikert-scale from 0 =not at all to 6= extreme

‘Likert-scale from —2=not at all to +2=very much (including “0)

intrusive memories following VR analogue trauma after
1 day.

Peri-traumatic Psychophysiological Emotional
Reactivity

In accordance with our predictions, all parameters of subjec-
tive and physiological emotional reactivity as well as ability
to act reactivity were significantly higher in the VR analogue
trauma condition than in the neutral condition (Table 1).

Post-Traumatic Analogue Trauma Symptoms
Analogue Trauma Symptoms After 1 Day (IMQ)

Depression as a control parameter (Step 1) failed to sig-
nificantly predict variability in analogue trauma symptoms,
accounting for 0.0% of the variance in analogue trauma
symptoms after 1 day (T1), F(1, 78)=0.11, p=.737. The
psychophysiological stress response (Step 2) explained
an additional 19.0% of the variance in analogue trauma
symptoms (T1), F(3, 76)=6.02, p=.001. The addition of
cognitive processing (Step 3) to the model significantly
explained an additional 6.2% of the variance (T1), F(4,
75)=6.37, p<.001. The subsequent addition of cognitive
regulation and appraisal to the model (Step 4) accounted
for an additional 8.2% of the variance (T1), F(6, 73)=6.14,
p <.001. Finally, the addition of flexible emotion regula-
tion to the model (Step 5) explained an additional 10.1% of
the variance in analogue trauma symptoms, F(7, 72)=7.95,
p<.001. After entering cognitive regulation and appraisal
to the model, subjective stress response was no longer

significant. After entering flexibility of emotion regulation to
the model, self-blame was no longer a significant predictor
of analogue trauma symptoms (T1). In the full model, rumi-
nation (f=.250) and flexible emotion regulation (f=—.331)
were the strongest predictors of analogue trauma symptoms
(T1). Together, the independent variables accounted for
43.6% of the variance in analogue trauma symptoms (T1)
(f>=0.79). Results regarding analogue trauma symptoms
after one day are displayed in Table 4.

Analogue Trauma Symptoms After 1 Week (IES-R)

The control variable depression (Step 1) again accounted
for none of the variance in analogue trauma symptoms
after 1 week (T2), F(1, 78)=0.01, p=.941. The addition of
psychophysiological stress response to the model (Step 2)
explained 3.2% of the variance in analogue trauma symptoms
(T2), but this was not significant, F(3, 76)=0.84, p=.478.
After entering cognitive processing to the model (Step 3) an
additional 9.6% of the variance in analogue trauma symp-
toms (T2) was explained, which was a significant increase,
F(4,75)=2.76, p=.034. The addition of cognitive regula-
tion and appraisal (Step 4) explained an additional 10.2% of
variance, F(6, 73)=3.65, p=.003. Finally, the addition of
flexible emotion regulation (Step 5) explained an additional
1.9% of the variance in analogue trauma symptoms (T2),
but this final change in R? was not significant. The overall
model was significant, F(7, 72)=3.42, p=.003. In the final
model, self-blame (f=.346) and peri-traumatic cognitive
processing (f=.285) were the most important unique pre-
dictors of analogue trauma symptoms (T2). Together, the
independent variables accounted for 25.0% of the variance in
analogue trauma symptoms (T2) (f>=0.33). Results regard-
ing analogue trauma symptoms after one week are shown
in Table 4.

Discussion

Previous research has identified peri- and post-traumatic fac-
tors (e.g. psychophysiological response, rumination) as most
important for the differential development of stress-associ-
ated psychopathology or PTSD (Brewin et al. 2000; Ozer
et al. 2003; Regambal and Alden 2009; Ripley et al. 2017).
However, more comprehensive real-time data about the
relationship between emotional subjective and physiologi-
cal as well as cognitive variables, which are critical for the
development of analogue trauma symptoms, are scarce. In
this study, we aimed to investigate a range of these peri- and
post-traumatic factors in real-time in a laboratory controlled
setting using an innovative VR analogue trauma paradigm
for experimental stress induction.
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Table 4 Hierarchical multiple regression analysis predicting analogue
trauma symptoms

Predictor Analogue trauma symptoms
Tl T2
AR* B AR* P
Step 1: Control variables .00 .00
BDI-S .04 .01
Step 2: Stress response 19%** .03
SERS A4k .08
PERS -.09 .16
Step 3: Cognitive processing .06%* 10%*
CPQ 27% 34
Step 4: Cognitive reg./appraisals .08* 10%*
CERQ self-blame 21 37
CERQ rumination 25% —.13
Step 5: Flexible emotion regulation .10%%%* .02
PACT — 33k —.14
Total R Adprk 25k
N 80 80

T1 after 1 day (IMQ), 72 after 1 week (IES-R), BDI-S Beck Depres-
sion Inventory-Simplified version, SERS Subjective Emotional
Response Score, PERS Physiological Emotional Response Score,
CPQ Cognitive Processing Questionnaire, CERQ Cognitive Emo-
tion Regulation Questionnaire, PACT Perceived Ability to Cope with
Trauma Scale

#p<.05; **p < .01; #%p < 001

As expected, the VR analogue trauma induced a complex
psychophysiological stress response with a similar range of
negative emotions somewhat comparable with emotions trig-
gered by real traumatic experiences, although the intensity
of psychophysiological stress response during real trauma
has been found to be much higher (Kinateder et al. 2014;
Rovira et al. 2009). Thus, our results have added value in
capturing the peri-traumatic response in the laboratory and
further validate the VR analogue trauma paradigm in model-
ling trauma responses.

As expected, we found higher levels of peri-traumatic
dysfunctional cognitive processing and cognitive regulation
and appraisal to uniquely predict more frequent analogue
trauma symptoms beyond the peri-traumatic psychophysi-
ological stress response after 1 day and after 1 week. Fur-
thermore, as expected, flexible emotion regulation uniquely
predicted analogue trauma symptoms after 1 day, but con-
trary to our expectations not after 1 week. These findings
might highlight in particular the importance of cognitive
factors in increasing the risk of developing stress-associated
psychopathology.

As arecent advancement in prospective analogue design,
we used a VR analogue trauma paradigm for experimental
stress induction in a controlled laboratory setting, which
overcomes the problem of memory biases in retrospective

assessments. In contrast to other well-established paradigms,
VR allows for first-person experiences and person—environ-
ment interactions, while eliciting higher emotional stress
responses than aversive pictures (Courtney et al. 2010) and
script-driven imagery (Schweizer et al. 2018) as well as
similar stress responses and intrusive memories as trauma
films (Becker-Asano et al. 2011; Cuperus et al. 2017; Dib-
bets and Schulte-Ostermann 2015). Participants in our study
reported high levels of presence and involvement. In this
regard, smoke exposure as part of the multisensory simula-
tion seemed to be particularly valuable. Symptoms of cyber
sickness were rarely present.

Peri-traumatic Psychophysiological Emotional
Reactivity

In line with our hypothesis, we found higher psychophysi-
ological reactivity in the analogue trauma compared to the
neutral condition on all examined parameters, as has been
found in prior studies (Bryant et al. 2008; Pineles et al. 2013;
Shalev et al. 1998). In particular, we found large effect sizes
of stress reactivity for anxiety, helplessness, guilt, HR, sub-
jective stress and arousal with high absolute levels of anxiety
and helplessness during the VR analogue trauma. Previous
research revealed that stress and guilt are further associated
with less perceived ability to act (Held et al. 2017), which
may be especially critical in an emergency situation. Like-
wise, guilt seems to be associated with the experience of low
control and high self-responsibility (Lazarus 1993).

Thus, our results suggest that besides anxiety and
peripheral-physiological parameters, a range of other nega-
tive emotions also seems to elicit and be distinctive of the
peri-traumatic stress response. Likewise, the importance of
peri-traumatic emotions for the development of subsequent
psychopathology has been shown in previous studies, e.g.
regarding guilt, shame, sadness and anger (Beck et al. 2011;
Resick and Miller 2009; Rizvi et al. 2008) and supported
by clinical evidence in individuals with PTSD (Ozer et al.
2003). This also seems to be important in terms of the effi-
cacy of PTSD treatments, which were developed primarily
focusing on anxiety, even though this is not the predominant
emotion in most individuals with PTSD (Power and Fyvie
2013). The necessity of exploring a broader range of peri-
traumatic emotional responses has been reflected in adapting
the criterion of peri-traumatic “fear, helpless, and/or horror”
to a broader range of trauma-related emotions such as fear,
guilt shame and anger in criterion D of the DSM-5 (Ameri-
can Psychiatric Association 2013).

Gaining more insight into the complex individual emo-
tional responses to stressful events by experimentally mod-
elling trauma exposure and responses may contribute to the
identification of critical emotional profiles in coping with
stress. This knowledge could be used to detect and support
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individuals at risk and further enhance the efficacy of exist-
ing treatments by including consideration of the predomi-
nant emotions apart from anxiety, especially for individuals
who have not yet benefited from treatment (e.g. Power and
Fyvie 2013).

Post-traumatic Analogue Trauma Symptoms

Higher levels of dysfunctional cognitive processing as well
as maladaptive cognitive regulation and appraisal predicted
more frequent analogue trauma symptoms beyond the peri-
traumatic psychophysiological stress response after 1 day
and after 1 week, while flexible emotion regulation predicted
analogue trauma symptoms after 1 day but not after 1 week.
The final regression models explained 43.6% of the variance
in analogue trauma symptoms after 1 day and 25.0% after
1 week.

Depression, which has been identified as associated with
trauma symptoms in previous meta analyses of analogue
trauma studies as well as clinical studies (Clark et al. 2015;
Ozer et al. 2003), was not predictive of analogue trauma
symptoms either after 1 day or after 1 week in this study.
This is likely explained by the low levels of depressive
symptoms in our sample.

In accordance with previous research (Ozer et al. 2003),
the subjective stress response was the strongest predictor
of analogue trauma symptoms after 1 day (f=.44), while
the psychophysiological stress response was not a signifi-
cant predictor of analogue trauma symptoms after 1 week.
After entering rumination into the model, subjective stress
response failed to predict analogue trauma symptoms
after 1 day, which might indicate that rumination medi-
ates the relationship between peri-traumatic subjective
stress response and subsequent analogue trauma symptoms
(Regambal and Alden 2009). This would be in line with a
meta-analysis showing that peri-traumatic stress responses
seem to be less important over time presumably because of
the increasing importance of other factors (Thomas et al.
2012), and seem to be particularly relevant in predicting
temporary malfunction (Gandubert et al. 2016). As predictor
for analogue trauma symptoms, the induced absolute levels
of physiological stress may have been too low or/and HR
as a physiological indicator modulated by both sympathetic
activity (indicating emotional arousal by increased HR) and
parasympathetic activity (indicating information and atten-
tion processing by decreased HR) might have been be too
ambiguous to capture emotional arousal (Boucsein 2012;
Bradley and Lang 2000).

As expected, peri-traumatic cognitive processing pre-
dicted unique variance in analogue trauma symptoms after
1 day and especially after 1 week (p=34). This might be
the result of peri-traumatic impaired memory encoding with
primarily data driven versus conceptual processing in the

@ Springer

context of high anxiety levels (Laposa and Rector 2012;
Logan and O’Kearney 2012) and also impaired integra-
tion into autobiographical memory in the context of other
self-related experiences (Ehlers and Clark 2000). Previous
research has shown that in particular a lack of self-referential
processing seems to be critical for the development of PTSD
symptoms (Laposa and Rector 2012) and might be associ-
ated with rumination (Mennin and Fresco 2013).

As predicted, cognitive regulation and appraisal further
explained unique variance above and beyond the other vari-
ables, indicating that maladaptive cognitions are also impor-
tant in predicting analogue trauma symptoms by rumina-
tion after 1 day and especially by self-blame after 1 week
(p=.37). This is consistent with previous studies, which
have found associations between PTSD symptoms and self-
blame (with a similar effect of $=.31) (Hansen et al. 2014)
as well as rumination (Michael et al. 2007). Furthermore,
our results are in accordance with the cognitive model of
Ehlers and Clark (2000), which considers maladaptive cog-
nitions and appraisals to be critical for a sense of ongoing
threat and avoidance of trauma-related stimuli thereby inhib-
iting trauma memory integration/elaboration and resulting
in persistent PTSD symptoms (Dunmore et al. 2001; Hal-
ligan et al. 2003; Nolen-Hoeksema et al. 2008). With respect
to the content of the VR analogue trauma the existence of
rumination and self-blame is likely related to the presence
of the injured person within the VR analogue trauma. Simi-
larly to real emergency situations it was not possible to help
the person, which should induce helplessness as a common
feeling in traumatic situations (Ozer et al. 2003). Rumina-
tion has been initially found to have a focus on the past,
e.g. trying to make sense of what happened (McLaughlin
et al. 2007; Nolen-Hoeksema et al. 2008). Self-blame with
inherently high self-relevance as a strong, later-occurring
important predictor of trauma analogue symptoms might be
particularly critical for PTSD development, since trauma
symptoms and negative self-related cognitions could interact
dysfunctionally, which could further maintain psychopathol-
ogy (Shahar et al. 2013). Thus, the relationship between self-
related negative cognitions and traumatic symptoms seems
to increase over time, which is consistent with other studies
(e.g. O’Donnell et al. 2007).

As expected, we found that flexible emotion regulation
was a strong predictor of analogue trauma symptoms after
1 day (B=—.33), but in contrary to our expectations not after
1 week. This is consistent with current research findings
that the flexible application of different strategies in stress-
ful situations is associated with fewer traumatic symptoms
and might be the most adaptive way to cope with traumatic
stress (Bonanno et al. 2011a; Pinciotti et al. 2017; Rodin
et al. 2017). The result that flexibility is only an important
predictor 1 day after analogue trauma may be explained by
the analogue nature of the event with moderate intensity.
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Therefore, prompt regulation with a focus on the experi-
enced event as well as on the future life seems sufficient
(Galatzer-Levy et al. 2012).

Our findings highlight the influence of regulatory mecha-
nisms such as cognitive regulation by rumination and flex-
ible emotion regulation in response to a strong subjective
stress response and dysfunctional cognitive processing on
analogue trauma symptoms after 1 day. Cognitive process-
ing and especially maladaptive appraisal by self-blame
were important in predicting analogue trauma symptoms
after 1 week. Hence, the results are consistent with cogni-
tive models of PTSD (Ehlers and Clark 2000), showing that
in particular cognitive peri- and post-traumatic factors are
crucial in conferring risk for stress-associated psychopathol-
ogy, and moreover that their importance seemed to increase
over time. This further implies that the general time course
of symptom development seems to be adequately modelled
by the VR analogue trauma paradigm, which is in line with
previous studies (Hansen et al. 2014; Mc Farlane 2000; Sol-
berg et al. 2016).

Limitations

A number of limitations of the study should be noted. Not-
withstanding the numerous advantages of the VR analogue
design, the analogue setting is not intended to replicate
trauma responses in intensity, thereby the generalisability
of our findings to the real world is limited, although the
reaction patterns seem similar (Kinateder et al. 2014; Rovira
et al. 2009; Schweizer et al. 2017, 2018). In addition, very
low levels of depression as well as the a priori screening of
the absence of prior traumatic events in our sample limit the
generalisability to clinical and at risk populations. In addi-
tion, the sample was unbalanced in terms of gender, which
precluded certain analyses. Although we tested a range of
empirically important predictors, we did not exhaustively
investigate all potentially relevant predictors and their com-
plex interactions, e.g. by structural equation models (SEM)
(Regambal and Alden 2009; Schweizer et al. 2017). To
investigate the data driven and self-referential subscales of
the CPQ and all emotional subcomponents as separate pre-
dictors instead of using composite scores would be of inter-
est for future studies. Concerning the outcome measures,
analogue trauma symptoms were investigated with different
questionnaires after 1 day (IMQ) and 1 week (IES-R), thus
no direct comparison is possible. Furthermore, this might
also explain, why some predictors significantly predicted
analogue trauma symptoms for one but not the other time
point. Intrusive memories were assessed for all modalities
and at two time points and not continuously for 1 week. The
results should be replicated in longitudinal studies with the
same measurement instruments at all time points.

Implications

Based on our results we suggest that future studies should
investigate the wider range of individual emotional
responses to stressful events by experimentally modelling
trauma exposure and responses, including the assessment
of possible interactions. The identification of critical emo-
tional profiles in coping with stress could better enable indi-
viduals at risk to be detected and treatments could be made
more efficient, especially for non-responders (e.g. Power and
Fyvie 2013). Given the importance of maladaptive cogni-
tive regulation as a modifiable risk factor in the aetiology of
analogue trauma psychopathology, we propose focusing on
this. For both rumination and self-blame, acceptance-based
approaches could change negative appraisals and reduce
avoidance (Shipherd et al. 2016). In addition, approaches
such as cognitive bias modification to change negative
cognitions by reappraisal training in the context of stress,
resulting in fewer analogue trauma symptoms are promising
(Woud et al. 2012) even if applied before stress exposure
(Woud et al. 2013). In addition, PTSD symptom reduction
using cognitive processing therapy seems to be based on
changes in self-related maladaptive post-traumatic cogni-
tions (Schumm et al. 2015). Here, negative beliefs about the
self, often related to rumination, seem to increase depressive
symptoms which then might increase self-blame cognitions,
and in turn seem to heighten again depressive symptoms
and thereby PTSD symptoms. However, changing cognitive
regulation style before the experience of a traumatic event
to prevent symptom development in the first place should
be preferred (Garcia-Campayo et al. 2015). Furthermore,
training flexibility in the use of emotion regulation strategies
depending on the context seems to be particularly adaptive
in coping with stress (Cheng et al. 2012). The multisensory
VR analogue trauma offers an experimental psychopathol-
ogy model to investigate trauma exposure and responses in
real-time and under controlled conditions (Schweizer et al.
2017, 2018). Future studies of stress-associated psychopa-
thology in VR (e.g. Gaggioli et al. 2014) could target peri-
and post-traumatic appraisals and emotion regulation modi-
fications in real-time.

Conclusion

In conclusion, our study validated the applied prospective
VR analogue trauma paradigm as an experimental psycho-
pathological model to assess stress exposure and responses
in real time, in order to identify essential regulatory mecha-
nisms acting during and directly after an analogue trauma
and their effects on subsequent analogue trauma symptoms.
Furthermore, the findings suggest that over and above the
importance of peri-traumatic diverse negative emotions and

@ Springer



210

Cognitive Therapy and Research (2019) 43:199-213

maladaptive cognitive processing, regulatory mechanisms
such as cognitive regulation and appraisals as well as flex-
ible regulation seem crucial for the development of analogue
trauma symptoms following exposure to a VR analogue
trauma stress induction. Our results indicate in particular
the potential effects of emotion regulation flexibility and
rumination on early analogue trauma symptoms after 1 day,
and highlight the importance of cognitive processing and
self-blame on later analogue trauma symptoms after 1 week.
While flexible emotion regulation seems to be particularly
important directly after analogue trauma exposure, the
impact of cognitive factors in predicting analogue trauma
symptoms seems to increase over time. Our findings pro-
vide initial evidence that flexible emotion regulation might
be protective directly after trauma exposure and highlight
the general and increasing importance over time of peri-
and posttraumatic cognitive factors in the development and
maintenance of stress-associated psychopathology, thereby
supporting cognitive models of PTSD.
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