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Abstract 

Moments of high emotional distress (hotspots) during a traumatic event are assumed to be closely 

related to post-event intrusions. However, this assumption lacks experimental investigation. Here, 

we used a Virtual Reality (VR) trauma analogue to investigate hotspots, and their possible overlap 

with involuntary and voluntary memories recorded in a diary study. Thirty-two participants were 

exposed to a VR trauma analogue, identified hotspots, and rated their characteristics immediately 

and after a 1-week diary study. Most involuntary and voluntary memories recorded in the diary 

referred to moments previously identified as hotspots, and hotspots that were recalled were more 

distressing than non-recalled hotspots, irrespective of retrieval strategy. Only some hotspots were 

repeated after a 1-week delay and new ones were formed, suggesting less than expected 

consistency. The findings replicate and extend findings from real-life trauma research, and suggest 

that the use of VR may be an important asset to the trauma film paradigm. 
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General Audience Summary 

In the aftermath of traumatic events, people often experience spontaneously arising memories of 

those events. Such memories are believed to reflect the most intense/distressing moments of the 

event (hotspots), and hence, these are often addressed as part of trauma therapy. So far, research on 

trauma memories and their overlap with hotspots has been conducted in clinical settings, making it 

difficult to assess the actual overlap between the spontaneous memories and hotspots during the 

event, as objective records of real-life trauma are rarely available. Here, we exposed non-clinical 

participants to a traumatic experience (a simulated terror attack) in Virtual Reality (VR), to evaluate 

if this methodology is valuable in the study of memory of traumatic events. Participants reported 

hotspots of the event, and kept a diary of spontaneous and deliberate memories for a week. This 

allowed us to objectively code if memories of the event reflected previously identified hotspots. 

Results showed that the majority of spontaneously and deliberately recalled memories matched 

moments identified as hotspots. Hotspots that were recalled were rated as more distressing than 

non-recalled hotspots, irrespective of retrieval strategy. After one week, the participants reported 

hotspots from the event again, based on their memory of the event. After a week, only some hotpots 

were still considered hotspots and new ones had emerged. From a clinical perspective, the large 

overlap between hotspots and subsequent memories (spontaneous and deliberate) suggests that it 

can be meaningful to address hotspots in therapy. However, therapists should be aware that some 

hotspots vary over time and that some are potentially no longer perceived as hotspots at a later 

stage, whereas new hotspots may have emerged. We replicate and extend findings from research on 

real-life trauma, suggesting that the use of VR is an important asset to experimentally investigating 

memory of traumatic events.  
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Using Virtual Reality to Examine Emotional Hotspots and Intrusions in the Trauma Film 

Paradigm 

 

Intrusive memories of distressing events are a hallmark of Posttraumatic Stress Disorder (PTSD), 

and have been studied extensively (for a review see Marks, Franklin, & Zoellner, 2018). 

Researchers have not only been interested in why intrusive memories appear following stressful 

events, and what can be done to prevent their development, but also what is recalled involuntarily. 

Insights into the content of the intrusions and their overlap with aspects of the traumatic event could 

inform theory and guide treatment. However, analyses mapping the concrete content of intrusions 

onto the content of the traumatic event require a detailed record of what exactly happened during 

the traumatic event. Such objective records are rarely available during real life traumas. The present 

study aims to remedy this using Virtual Reality (VR) as a trauma analogue in an experimental, 

longitudinal design. 

One line of research investigating the overlap between intrusions and aspects of the 

traumatic event has focused on the ‘worst moments’ of the traumatic event. These ‘worst moments’ 

have been conceptualized as emotional hotspots, and their importance has been identified by several 

authors (Ehlers & Clark, 2000; Richards & Lovell, 1999). Emotional hotspots are variably defined 

as “the specific parts of the trauma memory that cause highest levels of emotional distress” (Grey & 

Holmes, 2008, p. 788) or as “moments of peak emotional distress during the event” (Holmes, Grey, 

& Young, 2005, p. 3). The assumption of a relationship between hotspots and intrusions is rooted in 

dominant psychological theories of PTSD (Brewin, Dalgleish, & Joseph, 1996; Brewin & Holmes, 

2003; Ehlers & Clark, 2000), assuming moments with high levels of arousal and distress to be 

processed in a sensory-perceptual or “data-driven” way, leading to incomplete information 
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processing. As a result, involuntary access to these moments is enhanced, whereas voluntary access 

is diminished.  

To our knowledge, only two studies have investigated whether intrusions from a traumatic 

event match the reported hotspots from this event (Grey & Holmes, 2008; Holmes et al., 2005), 

showing that 78 % and 83 % of the intrusions overlapped with hotspots. One limitation of these 

studies is that the matching of hotspots and intrusions was based on retrospective self-reports from 

patients undergoing psychotherapy. In order to attain a higher degree of objectivity and control, 

experimental designs are needed.  

Surprisingly, the most widely used experimental paradigm in the trauma literature—the 

trauma film paradigm—has never been used to investigate emotional hotspots and their overlap 

with subsequent intrusions. We use this paradigm here to investigate emotional hotspots and how 

they are maintained in memory. The use of an experimental, longitudinal design has several 

strengths that help to remedy some of the limitations of previous work.  First, we expose all 

participants to the same trauma analogue. Second, we can identify which parts of the event are 

perceived as hotspots, and if there is a general agreement about this. Third, we obtain reports of 

hotspots and ratings of their characteristics immediately after exposure to the event and therefore do 

not rely on delayed retrospective measures when matching the content of subsequent memory 

reports to hotspots experienced during the event. Fourth, identifying memories that match an 

individual’s reported hotspots allows us to investigate if hotspots that are later remembered in a 

diary study differ from those that are not, and whether such potential difference interacts with 

involuntary versus voluntary retrieval. Fifth, as hotspots from the same event are reported at two 

different points in time, we are able to investigate their consistency over time. Sixth, as measures of 

hotspot characteristics are taken at two time points, we are able to examine how they may change 

with time. Addressing these questions is the first aim of the present study.  
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The second aim is to extend the trauma film paradigm by using a trauma analogue in VR. 

The trauma film paradigm has been used extensively for studying intrusions since the 1970s 

(Horowitz, 1969). In this well-established, widely used experimental paradigm, participants are 

asked to view videos depicting graphic scenes, typically real-life footage of events qualifying for 

being classified as traumatic events (e.g., traffic accidents, emergencies, and interpersonal 

violence). Prior to, during, or after being exposed to this trauma analogue, participants may be 

asked to carry out a task to examine how doing so might affect the frequency of subsequent 

intrusions of the film (for reviews see Holmes & Bourne, 2008 and James et al., 2016). Using such 

films as trauma analogues has been shown to induce intrusive memories (Weidmann, Conradi, 

Gröger, Fehm, & Fydrich, 2009).  

However, in a recent review of predictors of intrusive memories of distressing event, Marks 

et al. (2018) point out that a film will never simulate the distress of real-life traumatic experiences, 

because the event is viewed remotely, from an observer perspective, and in a controlled 

environment. In addition, they argue that analogue events lack self-relevance and a perceived 

feeling of threat to the participants’ life (Marks et al., 2018).  

In the present study, we attempt to overcome some of these limitations by using VR as a 

medium for investigating emotional hotspots, intrusions, and their content overlap. VR is an 

immersive experience, providing illusions that make the participants feel present in the 

environment. Hence, even though the event is viewed remotely and in a controlled environment, the 

participants have the illusion that it is happening here and now. In addition, the event is experienced 

in first-person perspective and not in an observer perspective, as is typically the case in the films 

used as trauma analogues. These factors in combination will most likely increase the feeling of 

perceived threat and experience of self-relevance.  
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Surprisingly, VR is rarely used to study the formation of intrusions in the trauma analogue 

paradigm. We were able to identify two studies, which both had limitations (Cuperus, Klaassen, 

Hagenaars, & Engelhard, 2017; Dibbets & Schulte-Ostermann, 2015). In Dibbets and Schulte-

Ostermann (2015), participants were observing the traumatic event happening to someone else, and 

the participants’ life was not experienced as ‘endangered’. In Cuperus et al. (2017), the VR scene 

was an adapted version of a commercial VR film, unfolding in a haunted manor with multiple jump 

scares, rendering it less similar to real life traumatic events.  

The goal of these earlier VR studies was to evaluate whether VR exposure induced emotion 

and intrusive memories at levels comparable to the standard materials used in the trauma film 

paradigm. In contrast, the present aim is to examine whether the use of a custom-made VR trauma 

analogue replicates findings from real-life traumatic events regarding the identification of hotspots 

and their effect on memory. To validate our methodological approach, we examine whether the VR 

experience is associated with increased physiological arousal during the most dramatic part of the 

event, as well as an overall increase in state anxiety (measured before vs. after the VR exposure). 

We also examine whether participants are capable of identifying hotspots related to the event, 

whether these are stable in memory across time, and whether moments previously identified as 

hotspots are a central part of involuntary and voluntary memories reported in a subsequent diary 

study. 

 

Methods 

 Participants and design. Thirty-two students (18 women) between the age of 18 and 32 

participated in the present study (MAge = 23.23, SD = 2.70; MEducation = 15.68, SD = 1.66). The study 

was conducted in Danish. Thus, all quotations presented in English have been translated from 

Danish. To establish that we had enough power to detect relevant within-subjects effects (e.g. 

phenomenological differences between recalled and not recalled hotspots),  
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we conducted a power analysis using GPower 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007) with 

the following parameters: alpha =.05, power =.95, effect size f = .72. The estimated effect size 

derived from Hall and Berntsen’s (2008) reported main effect of Recalled/Not Recalled on bodily 

reaction. The analysis revealed that a sample size of 29 was needed to detect main effects of 

recalled vs. not recalled, leading us to conclude that we had sufficient power. Before signing up, the 

participants read a brief description of the study, in which we explained that the participants would 

be asked to navigate through an animated environment while wearing a VR goggle and a bracelet 

recording their physiological activation. Because of ethical considerations, we informed the 

participants at this early stage of the study that parts of the experience could be daunting or 

unpleasant, and that because of this, they were not able to take part in the study if they currently or 

previously had a diagnosis of Posttraumatic Stress Disorder or an anxiety disorder. All 32 

participants completed Session 1 as well as Session 2. Participants received 250 DKK (approx. 35 

USD) as compensation for the time spent on Session 1, Session 2 and the time spent on keeping the 

diary.  

Materials. 

VR trauma simulation and equipment. For the purpose of the present study, we developed a 

virtual simulation using the development platform in Virtual Battlespace 3. The participants 

navigated an avatar through the simulation using a Microsoft Xbox controller while wearing a HTC 

Vive VR head-mounted display. The event was experienced in first-person perspective to give the 

participants the most immersive experience. The simulation took place in a Middle Eastern urban 

area in which the participants (“the protagonist” in the following) walks along a road to get to the 

final destination; the US Embassy, which is located on a square hosting a market. On the way, the 

protagonist experiences a range of different more or less mundane events (e.g. a helicopter flying 
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over, a bus stopping at a bus stop to pick up the people waiting, a dog barking, a person running 

by). At the marketplace, the protagonist sees people standing at the market stalls chatting with each 

other, and children playing in a sand box in the middle of the square. In order to direct the 

participants’ attention, the protagonist suddenly hears someone shouting “LOOK OUT!”, and 

immediately after a car smashes into another car in high speed in front of the embassy. People start 

running and a person is screaming as the guards fire their automatic rifles against the vehicle that 

smashed into the other car. After a few seconds of panic, the attackers’ car explodes, and the guards 

and the surrounding people are killed. The protagonist hears a ringing in the ears and when it fades, 

all is quiet except from the burning cars and a dog barking repeatedly in the distance. This setting 

and this type of traumatic event was chosen to provide a realistic event within the limitations of the 

game used. We aimed at constructing an event that was stressful without being too personal and 

intimidating to the participants (contrary to for example an interpersonal event happening directly to 

the participant, e.g., rape or assault). We programmed everything, except the scenery itself (e.g. the 

houses and roads). To maintain experimental control, we made sure to time everything with triggers 

that were activated along the way. This means that all participants were exposed to the same details 

from the same distance in the map (e.g., the blast), independent of how long it took them to get 

there. This was important, as we wanted to ensure that everyone had access to observing all details 

and events from the same distance. On average, the event lasted for 185.63 seconds (3 minutes and 

6 seconds; SD = 7.42 seconds).  

 Physiological measures. Skin conductance was measured using the Empatica E4 bracelet 

(Garbarino, Lai, Bender, Picard, & Tognetti, 2015). This bracelet is designed to provide a 

continuous measure of physiological data in real time. Skin conductance was measured with 4 data 

points per second, making it suitable for measuring responses to traumatic events. Skin conductance 

was chosen as the preferred physiological measure, because it is the most well established and 
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widely used measure of sympathetic activation in the autonomic nervous system. Also, changes in 

skin conductance have shorter response latencies compared to other measures of arousal (Dawson, 

Schell, & Filion, 2007). 

Depression. Current level of depression was measured using the Center for Epidemiologic 

Studies Depression Scale (CES-D), which is a scale, developed to measure depression in the general 

population (Radloff, 1977). This self-report measure consists of 20 items, and respondents indicate 

on a 4-point scale ranging from “Rarely or none of the time (less than 1 day)” to “All of the time (5-

7 days),” how often they have felt or behaved in specific ways during the past week (e.g. “I thought 

my life had been a failure.” and “I did not feel like eating; my appetite was poor”). The responses 

add up to a total score between 0 and 60. The scale showed good internal reliability with a 

Cronbach’s alpha of .87. 

Posttraumatic stress. In order to measure the level of PTSD in the sample, the participants 

completed the PTSD Checklist for DSM-5 (PCL-5) which is a 20-item self-report measure 

(Weathers et al., 2013). Each of the items correspond to the 20 symptoms of PTSD defined in the 

DSM-5 (American Psychiatric Association, 2013). The respondents indicate on a 5-point scale 

ranging from “Not at all” to “Extremely,” how much they have been bothered by each symptom for 

the last month. This results in a total score between 0 and 80. The scale showed good internal 

reliability with a Cronbach’s alpha of .92. 

Current level of anxiety. The State-Trait Anxiety Inventory for Adults (STAI-A; 

Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) was deployed pre- and post-event to 

measure the potential effect of the trauma analogue. STAI-A is a measure of anxiety and it consists 

of items related to how the participants feel right now (state) and how they feel in general (trait). 

Because we used this measure as a manipulation check, we were only interested in the state-

dimension and not the trait-dimension of this measure. Hence, the participants only completed the 
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20 items related to this dimension. Each item is related to how the respondent feels right now, at 

this moment (e.g. “I feel upset” and “I feel nervous”), and each statement is rated on a 4-point scale 

resulting in a combined score of 20-80. The scale showed good internal reliability with a 

Cronbach’s alpha of .85 (pre-STAI) and .93 (post-STAI). 

Follow-up questions. Five follow-up questions were formulated to evaluate how the 

participants experienced the VR-simulation. These were: “How emotionally intense did you 

experience the virtual event?”, “How much attention did you pay to the virtual event?”, “How hard 

did you find navigating through the virtual world?”, “How motion sick did you become from 

moving around in the virtual world?” and “How much prior experience do you have with using a 

controller?” All were rated on a 7-point Likert scale ranging from 1 (“Not at all”) to 7 

(“Extremely”). 

Hotspot characteristics and consistency. Participants were asked to generate up to 10 

hotspots, which we defined as “the moments of highest emotional intensity”. We asked the 

participants to rate each hotspot on a number of characteristics: valence (-3 = “Extremely negative” 

to 3 = “Extremely positive”), the emotional intensity (1 = “Not at all intense” to 7 = “Extremely 

intense”), to what degree the participant experienced a bodily reaction in relation to the hotspot (1 = 

“Not at all” to 7 = “Very much”), and finally, the level of distress in relation to the hotspot (1 = 

“Very low” to 7 = “Very high”). All of the above measures were rated on two dimensions: as the 

participants experienced it during the event and as they experienced it at the moment as a reaction 

to the memory of the event. In addition, we asked the participants to rate the vividness of the hotspot 

(1 = “Not at all vivid” to 7 = “Very vivid”) on the memory dimension only, due to the retrospective 

nature of this characteristic. 

All hotspots reported at T1 were coded for whether or not they were repeated at T2. 

Likewise, all hotspots reported at T2 were coded for whether or not they referred to hotspots 
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reported at T1. If this was not the case, the hotspot was considered novel. All hotspots were coded 

by an independent coder blind to the hypotheses and by the first author. The interrater agreement 

was high, and the coders agreed in 98.3 % of all cases for the coding of repeated hotspots, and in 

96.4 % of all cases for novel hotspots. Disagreement was solved by discussion. 

Forced choice recall. General recall of the event was measured using a 15-item forced 

choice recall concerning details from the event (e.g. “How many people were waiting for the bus?” 

and “What was being shouted, before the car smashed into the other cars in front of the 

embassy?”). A correct answer received a score of 1, rendering a maximum score of 15.  

Characteristics of voluntary and involuntary memories of the event. The week following the 

virtual event, the participants were asked to report involuntary and voluntary memories of the event 

in a structured diary. The recorded memories were rated on different characteristics taken from the 

Autobiographical Memory Questionnaire (Rubin, Schrauf, & Greenberg, 2003) and previous work 

on involuntary memories (Hall & Berntsen, 2008). These were vividness, physical reaction, feeling 

of travelling in time, mood impact, reliving, intensity (from 1 to 7) and valence (from -3 to 3). 

Content overlap between hotspots and voluntary and involuntary memories. All voluntary 

and involuntary memories reported after the event were coded for whether or not they referred to a 

moment reported as a hotspot at Time 1. As an example, the involuntary memory “The explosion in 

front of the embassy,” was coded as a match with the hotspot “When the bomb exploded in front of 

the US embassy.” All memories were coded by an independent coder blind to the hypothesis and by 

the first author. The coders agreed in 92.8 % of all cases for the coding of involuntary memories, 

and in 91.8 % of all cases for voluntary memories. Disagreement was solved by discussion. 

Procedure. When participants arrived in the VR-lab, the written information was read aloud 

for them. They were told that the purpose of the study was to understand how people experience a 

virtual event. In order to make the VR event as comparable as possible to a natural experience, we 
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did not tell the participants that their memory of the event would be tested subsequently. Due to 

ethical concerns, we took the following precautions: First, once again, we made the participants 

aware that parts of the experience could be unpleasant or daunting. Second, we obtained oral 

confirmation that none of the participants currently or previously had been diagnosed with 

Posttraumatic Stress Disorder or an anxiety disorder. Finally, we stressed the voluntary nature of 

study participation, and we explained that participants could withdraw their consent at any time 

during the experiment with no consequences.  

Pre-event phase. After having accepted the written consent, the participants reported their 

gender, age, and years of education. After this, participants were asked to wear the E4 wristband. 

They then completed the CES-D, the PCL-5, and the STAI-A for the first time (pre-event). 

Training phase. In the beginning of the training phase, oral instructions were given on how 

to use the goggles and the controller. The participants were instructed to stand still on a marked 

location on the floor, and to navigate through the virtual environment using the controller instead of 

moving physically in the VR-lab. In order to get familiar with the equipment before going through 

the trauma analogue, the participants were instructed to go through a 2-minute training map, in 

which their only task was to walk along a road in the countryside. Nothing happened during the 

walk, so that the only feature overlap between this training map and the trauma analogue was the 

environment itself.  

Experimental phase. After the training phase, the participants were asked to take off the 

goggles in order to receive the instructions for the actual experience. The instructions were as 

follows: 

“You are about to experience a virtual event. Please imagine yourself as the person moving 

around in the virtual environment. In this virtual world, you are on vacation, and have just left your 

hotel room to go to the local market, where you will meet up with a friend. You find the market 
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place if you go straight ahead until you can see and hear the market. You are meeting your friend in 

front of the embassy, so once you have reached the market place, your task is to locate the embassy 

and approach it. Please go to the embassy as straight as possible, and please do not stop too much 

on the way.” 

Post-event phase. Immediately after the trauma analogue ended, we asked the participants to 

complete the STAI-A for the second time (post-event). This was followed by the five follow-up 

questions. Next, the participants reported up to ten hotspots from the event and rated each of them 

on the characteristics related to the during dimension (i.e., valence, emotional intensity, bodily 

reaction, level of distress as experienced during the event) and the memory dimension (i.e., valence, 

emotional intensity, bodily reaction, level of distress, and vividness as experienced while 

remembering the event). Ideally, ratings of hotspot characteristics related to the during dimension 

would have been taken during the event and not retrospectively. However, these measure where 

taken immediately after exposure to the virtual event. Despite the fact that measures of 

characteristics related to both the during dimension and the memory dimension are taken 

retrospectively, participants were capable of distinguishing between the two measures. Introducing 

this distinction allowed us to investigate if the delay affected how the participants remembered how 

the hotspots had been experienced during the event and in addition, if the delay changed the way the 

hotspots were experienced in memory. Similar divisions have been employed in previous research, 

such as research on the fading affect bias (e.g. Ritchie et al., 2015). Finally, the participants 

completed the 15-item forced choice recall. 

Diary period. Following the procedure from Hall and Berntsen (2008), we instructed the 

participants to keep a diary of voluntary and involuntary memories of the event for the following 

week. More specifically, the participants were instructed to pay attention to, and to report all 

involuntary memories that might appear to them during the diary period and, furthermore, to report 
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one voluntary memory of the event per day in the diary period. As in Hall and Berntsen (2008), 

involuntary memories were defined as “memories that were brought to consciousness with no 

preceding conscious attempts at retrieval, either arising “out of the blue” or as an association to 

something in the environment or in the person’s thoughts.” In contrast, a voluntary memory was 

defined as “a memory that you actively try to bring to mind, and which comes in response to this 

attempt of retrieval.” The participants filled out the diary using their smartphones. Two shortcuts to 

the questionnaires were placed on the desktop of the participants’ phones (for voluntary/involuntary 

memories respectively). When participants had an involuntary memory of the event, they opened 

the shortcut and were asked to give a short description of the memory. Afterwards, they rated the 

memory on the following characteristics: vividness (“This memory is vivid and clear in my mind”), 

physical reaction (“This memory elicited a physical reaction (e.g. my heart beating, tension, tears, 

laughter) by the time I had it”), feeling of traveling in time (“This memory gave me a feeling of 

traveling back in time to the original situation”), mood impact (“This memory affected my mood”), 

reliving (“When recalling the situation, it feels like I am reliving everything”), intensity (“The 

feelings I have when recalling the situation are intense”), and valence (“The feelings I have when 

recalling the situation, are..”). Furthermore, they were asked if the memory came to mind as a 

picture, a thought or a mix, and if there was an overlap between the memory and features of the 

retrieval situation, such as the surroundings, current activities or thoughts. The same procedure took 

place when the participants reported their daily voluntary memory with the only exception that they 

were not asked to identify an overlap between the memory and the retrieval situation. Participants 

were instructed that they were allowed to report voluntary and involuntary memories related to the 

same part of the event multiple times, and they were instructed not to fill out the diary for the 

involuntary memories, in case no such occurred. Finally, we instructed the participants to set an 

alarm to remind them to report the voluntary memory of the event and they were instructed to keep 
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their phones close to them at all times, allowing them to report the memories and rate them 

immediately after they came to mind or were brought to mind.  

Follow-up phase. After 1 week, the participants returned to the VR-lab. In this session, we 

cued the participants with a screenshot of the opening scene of the event that they had experienced a 

week ago. The survey automatically advanced after 10 seconds, ensuring that all participants were 

exposed to the cue for the same amount of time. Once again, we asked the participants to generate 

up to 10 hotspots from the event. It was underscored that they should not try to remember, and 

report, the same hotspots they had reported a week ago. We emphasized that they should think back 

upon the event and report the moments of highest emotional intensity, as they remembered them 

now. Afterwards, each hotspot was rated on the same characteristics as in Session 1. Finally, the 

participants completed the same forced choice recall as in Session 1, and they rated on a scale 

ranging from 0 to 10 how often they had been unable to, or forgotten to, report the involuntary (M = 

1.66, SD = 2.09) and the voluntary memories (M = 0.91, SD = 1.91). 

 

Results 

In the following, we first report the findings from the experimental parts of the study. We next 

describe the findings from the diary study. 

 Experimental parts.  

Manipulation check. The participants completed the state-dimension of the STAI-A before 

and after experiencing the trauma analogue to test for an effect of the event. We found an increase 

in the level of anxiety from pre-event (M = 31.97, SE = 1.12) to post-event (M = 37.69, SE = 1.81). 

This difference, -5.72, BCa 95% CI [-8.50, -2.91], was significant, t(31) = -4.20, p < .001, and 

represented an effect of d = 0.74. 
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 Physiological measures. Skin conductance was measured during the entire virtual event at 

the first session. In order to test for an effect of the trauma on this measure, we calculated individual 

means for the part of the experience that was related to the traumatic content. Independently of how 

long it had taken the participants to reach the embassy at the market place, the trauma began when 

the participants reached the same location. In addition, the traumatic part of the experience was 

limited to 30 seconds for all participants, as we had programmed the event to end exactly 30 

seconds after the car started approaching the other cars in front of the embassy. Furthermore, we 

calculated individual baselines allowing us to track changes in skin conductance. The baseline was 

based on the 30 seconds preceding the beginning of the traumatic part of the experience. We chose 

this baseline, because this would not reflect the participants’ initial excitement of being placed in 

the immersive environment. With this baseline, a change in skin conductance level instead would 

reflect a response to the traumatic nature of the stressful scene. We found an increase in the skin 

conductance level from baseline (M = 2.34, SE = 0.46) to the trauma (M = 2.70, SE = 0.50). This 

difference, -0.36, BCa 95% CI [-0.54, -0.18], was significant, t(31) = -4.02, p < .001, and 

represented an effect of d = 0.71. Moreover, of the 32 participants, 28 showed an increase in skin 

conductance level from baseline to the trauma, which was significant by a binomial test (p <.0001) 

 Follow-up questions. To evaluate how the participants had experienced the event and the 

equipment, they answered five follow-up questions on a scale from 1 to 7. The participants reported 

how emotionally intense they thought the event was (M = 3.31, SD = 1.40), how much attention 

they paid to the event (M = 5.66, SD = 1.36), how difficult they thought it was to navigate the 

virtual environment (M = 2.53, SD = 1.39), how motion sick they got (M = 2.06, SD = 1.22) and 

finally, how much prior experience they had with using a controller (M = 4.34, SD = 1.98).  

 Hotspot descriptions and frequency. The participants reported a total of 359 hotspots at 

Time 1 and Time 2. The average number of hotspots per participant was 5.78 (2.72) at Time 1 and 
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5.44 (2.59) at Time 2. Of all hotspots reported at Time 1, 49.19% were related to the last 30 seconds 

of the simulation, reflecting the traumatic part of the event (e.g. “Bloody limbs on the road after the 

explosion” and “The woman screaming”). Taking into account that the average duration of the 

event was 185.63 seconds, these final 30 seconds reflect roughly 1/6 of the event. The fact that half 

of all hotspots referred to this small part of the event, validates that participants reported highly 

intense moments as hotspots. A chi-square test on the difference between the observed and expected 

number of hotspots referring to the last 30 seconds and the preceding part of the event 

(approximately 2 min. and 30 seconds) was conducted (the expected distribution was calculated by 

assuming an even distribution of the hotspots over the 3 minutes of the event). The difference was 

significant, X2 (1, N = 32) = 148.93, p < .001. The remaining hotspots referred to other possibly 

emotional parts of the event (e.g. “The barking dog” and “Woman approaching me at the market”).  

We investigated if people generally agreed on which moments should be considered 

hotspots. Based on all reported hotspots, we generated a list with all unique hotspots and a 

frequency count of all hotspots that were reported by more than one participant. A total of 46 

different hotspots were identified. Of these, 21 were reported only by one participant. Of the 

remaining 25 reported by more than one participant, four hotspots clearly constituted the most 

frequently reported hotspots. These were related to (1) the explosion (reported by 21 participants), 

(2) the barking dog (reported by 20 participants), (3) the man running towards you (reported by 19 

participants), and (4) the shooting (reported by 17 participants). The fifth most frequently reported 

hotspots were split between several hotspots and were only reported 9 times. We decided to 

investigate the characteristics of the four most reported hotspots further, while focusing on ratings 

for the during dimension. Paired samples t-tests revealed that, compared to the other hotspots, the 

four most frequently reported hotspots were rated higher on bodily reaction as well as on level of 

distress, as experienced during the event (all ts > 2.30, all ps <.05). 
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 Hotspot consistency. Next, we wanted to assess the consistency of hotspots. Specifically, we 

were interested in whether or not the content of the hotspots was the same after the one-week delay. 

In order to investigate this, we coded all hotpots as to whether they belonged to a category of 

Repeated hotspots or a category of Novel hotspots. A hotspot generated at Time 1 was coded as 

repeated, if the content was mentioned at Time 1 as well as at Time 2. A hotspot generated at Time 

2 was coded as novel, if the content was mentioned at Time 2 but not at Time 1. Based on these 

codings, we calculated two proportions; first, we calculated the proportion of repeated hotspots 

relative to all hotspots generated at Time 1. Then we calculated the proportion of novel hotspots 

relative to all hotspots generated at Time 2. A third category of “forgotten” hotspots mentioned at 

Time 1 and not at Time 2, can be derived from the proportion of repeated hotspots, and is therefore 

redundant. We found that 74.05 % of the hotspots at Time 1 were repeated at Time 2 (thus, 26 % 

were “forgotten”). We found that 22.41 % of the hotspots reported at Time 2 were novel (thus, not 

mentioned at Time 1).  

In addition, we investigated if the hotspots that were repeated from Time 1 to Time 2 

differed from those only reported at Time 1 with regard to hotspot characteristics related to the 

during dimension. A series of paired samples t-test revealed that, compared with the non-repeated 

hotspots, the repeated hotspots at Time 1 were rated as being more negative, as involving more 

bodily reaction during the event, and as involving a greater level of distress during the event (all ts 

> 2.20, all ps <.05 ). 

 Hotspot characteristics. To investigate the effects of time on the phenomenological 

characteristics, we conducted a series of paired samples t-tests on individual means. As seen in 

Table 1, we found effects of time on all measures related to the memory dimension (i.e. ratings of 

the memory of the hotspot), such that the characteristics were rated significantly lower at Time 2 

compared to Time 1.  
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 Exploratory analyses of individual differences. We conducted a series of Pearson bivariate 

correlational analyses to explore if change in skin conductance level was associated with any of the 

hotspot characteristics, hotspot frequency, the number of correct answers on the forced choice 

recall, and characteristics of involuntary and voluntary memories. Because of individual variability 

in overall skin conductance level, we calculated the proportional change from baseline to trauma, 

calculated as (Trauma – Baseline)/Baseline. Overall, the analyses showed that the proportional 

change in skin conductance correlated significantly with the emotional intensity and the level of 

distress as reported for during the event at Time 1, and marginally with during characteristics 

reported at Time 2 (rs ranging from .298 to .344, ps ranging from .054 to .098, see Online 

Supplementary Material, Table S1). These findings lend support to the validity to the participants’ 

retrospective self-reports of their emotional reaction during the event. The proportional change in 

skin conductance was not associated with any of the characteristics of involuntary and voluntary 

memories reported in the diary study (Table S2 in Supplementary Material). However, the number 

of reported involuntary memories correlated with the emotional intensity and the level of distress as 

experienced during the event measured at Time 1 (rs ranging from .44 to .47, ps ranging from .015 

to .008, Table S3 in Supplementary Material). Although promising, these analyses should be 

replicated in larger samples before firm conclusions can be drawn. 

 Forced choice recall. Finally, we wanted to test the accuracy of the participants’ memory of 

the event in general and the effect of time on this measure. In order to do so, we compared the mean 

number of correct answers on the 15-item forced choice recall at Time 1 (M = 9.88, SE = .26) with 

the number of correct answers at Time 2 (M = 9.72, SE = .26). This difference, 0.16, BCa 95% CI [-

0.25, 0.57], was not significant, t(31) =-.78, p = .444.  

Diary study. The following describes the results from the diary study in which we were 

interested in: 1) the frequency of voluntary and involuntary memories, 2) their characteristics, 3) 
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what cued the involuntary memories, 4) the degree to which the content of the hotspots and the 

voluntary and involuntary hotspots overlapped, 5) if hotspots that were recalled voluntarily or 

involuntarily differed from those that were not, and finally 6) which hotspots were most frequently 

remembered.  

Frequency of voluntary and involuntary memories. We instructed the participants to report 

one voluntary memory of the event per day during the 7-day diary phase of the study. The number 

of voluntary memories reflects this number (M = 6.62, SD = 0.87) indicating that almost all 

participants completed the diary every day. On average, the participants reported 3.59 involuntary 

memories of the event. We observed large individual differences in the frequency of involuntary 

memories. The highest number of involuntary memories reported by a participant was 15, and only 

2 participants did not experience having any involuntary memories of the event. The participants 

reported a total of 115 involuntary memories, and 212 voluntary memories. In accordance with the 

instructions, most memory descriptions were short (e.g. “The barking dog”, “Detached limbs.”) 

Cues for involuntary memories. How did the involuntary memories come to mind? 

Participants reported that for 79.28 % of the memories there was an overlap between the memory 

and the surroundings, current activities or thoughts. Of these, 63.64 % of the identified cues were 

external, 20.45 % were internal, and 15.91 % were rated as both internal and external. The 

memories were predominantly cued by a sensory experience (33 %), a feeling (29 %), an activity 

(26 %), or an object (24 %). In addition, they were cued by a theme (12 %), a wording (4 %) or by a 

cue not related to any of the given categories (19 %). Participants were allowed to endorse more 

than one cue, explaining why percentages do not add up to 100 %. Thus, as is the case for real life 

involuntary autobiographical memories, most involuntary memories were preceded by cues and 

these were most frequently features of the external environment (e.g., Berntsen & Hall, 2004). 
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Characteristics of voluntary and involuntary memories. When participants reported the 

voluntary and involuntary memories in the diary, they also rated their characteristics. To investigate 

whether the phenomenology of memories varied as a function of retrieval type, we calculated an 

individual mean for each characteristic for voluntary and involuntary memories, and compared 

these with paired samples t-tests. The results showed that none of the characteristics differed as a 

function of retrieval type (cf. Table 2). The participants reported that 58.96 % of the voluntary 

memories came to mind in the form of an image, 19.81 % came to mind as a thought, and 21.23 % 

came to mind as a mix between an image and a thought. For the involuntary memories, 47.82 % 

came to mind as an image, 22.61 % came to mind as a thought, and 29.57 % came to mind as a mix. 

A chi-square test showed that there was no significant association between retrieval type and form 

of the memory X2 (2, N = 30) = 4.11, p = .12. 

 Content overlap between hotspots and voluntary and involuntary memories. We 

investigated the degree to which the content of the reported voluntary and involuntary memories 

overlapped with the content of the hotspots reported at Time 1, as two separate proportions. Three 

participants were excluded from this analysis; two misunderstood the instructions and reported what 

triggered the memory instead of the content of the memory; and one participant did not report any 

hotspots at Time 1. Finally, memories were discarded from the analyses if they referred to a general 

recollection of the event (e.g. “The study as a whole”), if the specific content of the memory was 

not described (e.g. “A picture from the VR event popped into my mind”), or if the memory did not 

refer to an identifiable moment of the event (e.g. “Walking in the environment and the setting”) as 

these reports were not sufficiently specific to be coded for hotspots. In total, 12.38 % of the 

involuntary memories, and 3.58 % of the voluntary memories were excluded. We found that the 

proportion for the voluntary memories (M = 0.73, SE = 0.05) was higher than the proportion for the 

involuntary memories (M = 0.66, SE = 0.07), but not significantly so, -0.07, BCa 95% CI [-0.22, 
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0.08], t(27) =-.94, p = .358. Thus, the large majority of both the voluntary and involuntary 

memories referred to moments of the event that had been identified as hotspots immediately after 

the exposure. 

 Phenomenological differences between recalled and not-recalled hotspots. Although most 

of the reported memories referred to hotspots, not all hotspots that had been identified after the VR 

event were later recalled during the diary study. We therefore examined if the hotspots that were 

later recalled as involuntary or voluntary memories were experienced differently during the event 

compared to those that were not recalled. Accordingly, all hotspots generated by a participant were 

coded for whether or not the participant recalled this moment involuntarily or voluntarily during the 

diary phase. This resulted in four distinct categories (i.e., hotspots recalled involuntarily vs. hotspots 

not recalled involuntarily and hotspots recalled voluntarily vs. hotspots not recalled voluntarily). 

Out of the total of 178 hotspots generated at Time 1, 12.5 % were later recalled involuntarily and 

32.2 % were recalled voluntarily. Individual means for each of the characteristics related to the 

during dimension (i.e. valence, emotional intensity, bodily reaction, level of distress) were 

calculated for these categories. As seen in Table 3, a repeated measures ANOVA revealed a 

significant main effect of Recalled (vs. not recalled) on the level of distress during the event, 

indicating that the hotspots that were recalled voluntarily or involuntarily during the diary had been 

rated as being more distressing during the events compared to the ones that were not later recalled. 

In addition, a trend going in the same direction was identified for bodily reaction during the event. 

Importantly, none of these measures interacted with whether recall was involuntary versus 

voluntary, supporting the position that the two types of retrieval is similarly affected by emotion 

during encoding (e.g. Hall & Berntsen, 2008). Relatedly, a similar percentage of voluntary and 

involuntary memories referred to the most frequently mentioned hotspots (23 % and 20 %, 

respectively).  
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Discussion 

Overall, the VR traumatic event successfully induced an arousing and immersive 

experience. First, the subjective ratings showed an increase in the level of anxiety from pre- to post-

event. Second, the physiological measures showed that the participants on average experienced an 

increase in skin conductance during the most dramatic part of the event, and the relative change in 

skin conductance level correlated meaningfully with subjective reports of emotional reactions to the 

event and its memory. Third, all participants but one were able to identify at least one hotspot after 

the event, and 30 out of 32 participants experienced subsequent involuntary memories of the event. 

The content of most memories overlapped with previously identified hotspots. Taken together, these 

findings suggest that the virtual event successfully served as a trauma analogue, although subjective 

intensity ratings were somewhat lower than expected.  

The frequency of reported hotspots in the present study resembles the number of hotspots 

that have been found in clinical studies in response to real life traumatic events (Grey & Holmes, 

2008; Harris & Ayers, 2012; Holmes et al., 2005; Nijdam, Baas, Olff, & Gersons, 2013). This 

number did not decrease from Time 1 to Time 2, which may have been caused by having the diary 

phase between Session 1 and Session 2. Potentially, this may have kept the event fresh in mind 

resulting in a higher frequency of reported hotspots at Time 2 than would otherwise be observed.  

With regard to the consistency of hotspots, 74 % of the hotspots were repeated from Time 1 

to Time 2 and 22% of the hotspots reported at Time 2 (i.e. after just one week) were novel. This 

finding is in line with well-established findings showing that memories of traumatic events, like all 

other memories, are prone to distortions and that the appraisal of a stressful event can change over 

time (Engelhard, van den Hout, & McNally, 2008; Southwick, Morgan, Nicolaou, & Charney, 

1997; van Giezen, Arensman, Spinhoven, & Wolters, 2005). This finding also has clinical 

implications, as psychotherapy with trauma patients often lasts for several months. Clinicians 
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should be attentive to the fact that hotspots identified in the beginning of the process may no longer 

be considered hotspots at later stages and that new hotspots may have emerged. These findings 

suggest that trauma patients should not only be asked to identify hotspots in the beginning of 

treatment, but also at later time points, since hotspots may change over time. Furthermore, the 

present findings should be considered with the caveat that reporting hotspots at Time 1 may have 

influenced reports of hotspots at Time 2, and potentially inflated their consistency with Time 1 

hotspots. 

The diary study yielded several important insights. First, participants did experience 

involuntary memories of the event and their frequency was comparable to the frequency found in 

other diary studies conducted for 1 week after exposure to a trauma analogue (e.g. Ball & Brewin, 

2012). However, we acknowledge that subjective recordings of spontaneous thoughts likely are 

subject to some error and biases, and that frequency estimates, including the ones in the present 

study, may be affected by the demands posed by the recording task (Rasmussen, Ramsgaard, & 

Berntsen, 2015).  

Second, consistent with diary studies on involuntary autobiographical memories (Berntsen, 

1996, 1998; Berntsen & Hall, 2004; Mace, 2004), 79 % of the involuntary memories had 

identifiable cues and external cues, such as sensory experiences, were more frequent than internal 

cues. Third, the content of the involuntary memories matched the content reported as hotspots in 

66% of the cases. This is consistent with Holmes et al. (2005), who found that 78% of the reported 

intrusions of a real life traumatic event matched a hotspot (identified retrospectively). Importantly, 

the present study extends this finding by also showing that 73 % of voluntary memories overlapped 

with hotspots, suggesting that voluntary memories are at least as common a medium for hotspots as 

involuntary memories. This challenges the view that involuntary remembering has enhanced access 

to moments of high emotional intensity, whereas the access for voluntary recall is impaired (Brewin 
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et al., 1996; Ehlers & Clark, 2000). In contrast, the large majority of both voluntary and involuntary 

memories referred to emotional hotspots in the present study. Relatedly, hotspots that were recalled 

during the diary period had been associated with higher levels of distress during the event, 

compared to those not reported in the diary. This enhancement was similar for both involuntary and 

voluntary recall. These findings add to an accumulating number of studies showing that involuntary 

and voluntary remembering are affected similarly by emotion and distress during encoding (Hall & 

Berntsen, 2008; Rubin, Boals, & Berntsen, 2008; Rubin, Dennis, & Beckham, 2011; Staugaard & 

Berntsen, 2014). 

The present study has some limitations. First, although the study advanced the trauma film 

paradigm by using VR, we cannot claim that the trauma analogue corresponds to a real-life trauma. 

In addition, the use of a non-clinical sample makes a comparison with trauma patients less tenable. 

Nonetheless, several of the findings replicated the ones observed in trauma patients after real 

traumatic experiences, supporting the ecological validity of the present study. Second, our setup did 

not allow the participants to move physically. Future studies should aim at integrating physical 

movement to increase VR immersiveness. Third, the use of a within-subjects design might have 

enhanced the correspondence between ratings of T1 and T2 measures related to hotspot 

characteristics, especially considering the relatively short delay. This design was necessary to 

measure consistency. However, future studies could investigate the effects of time on hotspot 

characteristics using between-subjects design to circumvent this potential issue.  

 In conclusion, the VR simulation used in the present study was successful in creating an 

immersive and arousing experience followed by the identification of several hotspots and the 

activation of involuntary memories referring to the event during the following week. The majority 

of both involuntary and voluntary memories referred to moments identified as hotspots. However, 

the contents of hotspots were not as consistent as expected based on clinical observations; only 
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some hotspots were repeated after a 1-week delay and new ones were formed. Overall, the findings 

suggest that the use of VR may be an important asset to the trauma film paradigm. 

 

Author Contributions 

NPN and DB conceived and designed the study. SS was responsible for conducting the analysis 

regarding the physiological data. NPN wrote the first draft for the manuscript, with contributions 

from DB. All authors commented on the manuscript and approved the final version. 

 

Acknowledgements 

This work was supported by a grant from the Danish National Research Foundation (DNRF89), and 

Independent Research Fund, Denmark [9037-00015B]. 

We wish to thank Daniel Munkholm Møller for technical assistance with the development of the 

virtual simulation and Marie Rude Olesen for help with coding the data. 

 

  



Notice: This is the author’s version of a work that was accepted for publication in Journal of Applied Research in Memory and 

Cognition. A definitive version was subsequently published in Journal of Applied Research in Memory and Cognition, 9 (3), 370-

380. DOI: 10.1016/j.jarmac.2020.06.004 

 

28 

 

References 

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders. 

5th edition. Washington, DC, USA.  

Ball, S. C., & Brewin, C. R. (2012). The Effect of Rumination on Intrusive Images and Mood: An 

Experimental Investigation Using the Trauma Film Paradigm. Journal of Experimental 

Psychopathology, 3, 297-309. doi:10.5127/jep.019511 

Berntsen, D. (1996). Involuntary Autobiographical Memories. Applied Cognitive Psychology, 10, 

435-454. doi:10.1002/(SICI)1099-0720(199610)10:5<435::AID-ACP408>3.0.CO;2-L 

Berntsen, D. (1998). Voluntary and involuntary access to autobiographical memory. Memory, 6, 

113-141. doi:10.1080/741942071 

Berntsen, D., & Hall, N. M. (2004). The episodic nature of involuntary autobiographical memories. 

Memory & Cognition, 32, 789-803. doi:10.3758/BF03195869 

Brewin, C. R., Dalgleish, T., & Joseph, S. (1996). A dual representation theory of posttraumatic 

stress disorder. Psychological Review, 103, 670-686. doi:http://dx.doi.org/10.1037/0033-

295X.103.4.670 

Brewin, C. R., & Holmes, E. A. (2003). Psychological theories of posttraumatic stress disorder. 

Clinical Psychology Review, 23, 339-376. doi:10.1016/s0272-7358(03)00033-3 

Cuperus, A. A., Klaassen, F., Hagenaars, M. A., & Engelhard, I. M. (2017). A virtual reality 

paradigm as an analogue to real-life trauma: its effectiveness compared with the trauma film 

paradigm. Eur J Psychotraumatol, 8, 1338106. doi:10.1080/20008198.2017.1338106 

Dawson, M. E., Schell, A. M., & Filion, D. L. (2007). The electrodermal system. In Handbook of 

psychophysiology, 3rd ed. (pp. 159-181). New York, NY, US: Cambridge University Press. 

http://dx.doi.org/10.1037/0033-295X.103.4.670
http://dx.doi.org/10.1037/0033-295X.103.4.670


Notice: This is the author’s version of a work that was accepted for publication in Journal of Applied Research in Memory and 

Cognition. A definitive version was subsequently published in Journal of Applied Research in Memory and Cognition, 9 (3), 370-

380. DOI: 10.1016/j.jarmac.2020.06.004 

 

29 

 

Dibbets, P., & Schulte-Ostermann, M. A. (2015). Virtual reality, real emotions: a novel analogue 

for the assessment of risk factors of post-traumatic stress disorder. Frontiers in Psychology, 

6. doi:10.3389/fpsyg.2015.00681 

Ehlers, A., & Clark, D. M. (2000). A cognitive model of posttraumatic stress disorder. Behaviour 

Research and Therapy, 38, 319-345. doi:https://doi.org/10.1016/S0005-7967(99)00123-0 

Engelhard, I. M., van den Hout, M. A., & McNally, R. J. (2008). Memory consistency for traumatic 

events in Dutch soldiers deployed to Iraq. Memory, 16, 3-9. 

doi:10.1080/09658210701334022 

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical power 

analysis program for the social, behavioral, and biomedical sciences. Behavior Research 

Methods, 39, 175-191. doi:10.3758/BF03193146 

Garbarino, M., Lai, M., Bender, D., Picard, R., & Tognetti, S. (2015). Empatica E3 - A wearable 

wireless multi-sensor device for real-time computerized biofeedback and data acquisition. 

39-42. doi:10.1109/MOBIHEALTH.2014.7015904 

Grey, N., & Holmes, E. A. (2008). "Hotspots" in trauma memories in the treatment of post-

traumatic stress disorder: a replication. Memory, 16, 788-796. 

doi:10.1080/09658210802266446 

Hall, N. M., & Berntsen, D. (2008). The effect of emotional stress on involuntary and voluntary 

conscious memories. Memory, 16, 48-57. doi:10.1080/09658210701333271 

Harris, R., & Ayers, S. (2012). What makes labour and birth traumatic? A survey of intrapartum 

'hotspots'. Psychology & Health, 27, 1166-1177. doi:10.1080/08870446.2011.649755 

Holmes, E. A., & Bourne, C. (2008). Inducing and modulating intrusive emotional memories: a 

review of the trauma film paradigm. Acta Psychol (Amst), 127, 553-566. 

doi:10.1016/j.actpsy.2007.11.002 

https://doi.org/10.1016/S0005-7967(99)00123-0


Notice: This is the author’s version of a work that was accepted for publication in Journal of Applied Research in Memory and 

Cognition. A definitive version was subsequently published in Journal of Applied Research in Memory and Cognition, 9 (3), 370-

380. DOI: 10.1016/j.jarmac.2020.06.004 

 

30 

 

Holmes, E. A., Grey, N., & Young, K. A. (2005). Intrusive images and "hotspots" of trauma 

memories in Posttraumatic Stress Disorder: an exploratory investigation of emotions and 

cognitive themes. Journal of Behavior Therapy and Experimental Psychiatry, 36, 3-17. 

doi:10.1016/j.jbtep.2004.11.002 

Horowitz, M. J. (1969). Psychic Trauma: Return of Images After a Stress Film. Archives of General 

Psychiatry, 20, 552-559. doi:10.1001/archpsyc.1969.01740170056008 

Mace, J. H. (2004). Involuntary autobiographical memories are highly dependent on abstract cuing: 

the Proustian view is incorrect. Applied Cognitive Psychology, 18, 893-899. 

doi:10.1002/acp.1020 

Marks, E. H., Franklin, A. R., & Zoellner, L. A. (2018). Can't get it out of my mind: A systematic 

review of predictors of intrusive memories of distressing events. Psychol Bull, 144, 584-

640. doi:10.1037/bul0000132 

Nijdam, M. J., Baas, M. A., Olff, M., & Gersons, B. P. (2013). Hotspots in trauma memories and 

their relationship to successful trauma-focused psychotherapy: A pilot study. Journal of 

Traumatic Stress, 26, 38-44. doi:10.1002/jts.21771 

Radloff, L. S. (1977). The CES-D Scale: A self-report depression scale for research in the general 

population. Applied Psychological Measurement, 1, 385-401. 

doi:http://dx.doi.org/10.1177/014662167700100306 

Rasmussen, A. S., Ramsgaard, S. B., & Berntsen, D. (2015). Frequency and functions of 

involuntary and voluntary autobiographical memories across the day. Psychology of 

Consciousness: Theory, Research, and Practice, 2, 185-205. doi:10.1037/cns0000042 

Richards, D., & Lovell, K. (1999). Behavioural and cognitive behavioural interventions in the 

treatment of PTSD. In W. Yule (Ed.). Post-traumatic stress disorders: Concepts and 

http://dx.doi.org/10.1177/014662167700100306


Notice: This is the author’s version of a work that was accepted for publication in Journal of Applied Research in Memory and 

Cognition. A definitive version was subsequently published in Journal of Applied Research in Memory and Cognition, 9 (3), 370-

380. DOI: 10.1016/j.jarmac.2020.06.004 

 

31 

 

therapy; post-traumatic stress disorders: Concepts and therapy, (pp. 239-266, Chapter xvi, 

326 Pages) John Wiley & Sons Ltd, New York, NY.  

Ritchie, T. D., Batteson, T. J., Bohn, A., Crawford, M. T., Ferguson, G. V., Schrauf, R. W., . . . 

Walker, W. R. (2015). A pancultural perspective on the fading affect bias in 

autobiographical memory. Memory, 23, 278-290. 

doi:http://dx.doi.org/10.1080/09658211.2014.884138 

Rubin, D., Schrauf, R., & Greenberg, D. (2003). Belief and recollection of autobiographical 

memories. Memory & Cognition, 31, 887-901. doi:10.3758/BF03196443 

Rubin, D. C., Boals, A., & Berntsen, D. (2008). Memory in posttraumatic stress disorder: Properties 

of voluntary and involuntary, traumatic and nontraumatic autobiographical memories in 

people with and without posttraumatic stress disorder symptoms. Journal of Experimental 

Psychology: General, 137, 591-614. doi:10.1037/a0013165 

Rubin, D. C., Dennis, M. F., & Beckham, J. C. (2011). Autobiographical memory for stressful 

events: the role of autobiographical memory in posttraumatic stress disorder. Consciousness 

and Cognition, 20, 840-856. doi:10.1016/j.concog.2011.03.015 

Southwick, S. M., Morgan, C. A., III, Nicolaou, A. L., & Charney, D. S. (1997). Consistency of 

memory for combat-related traumatic events in veterans of Operation Desert Storm. The 

American Journal of Psychiatry, 154, 173-177. doi:http://dx.doi.org/10.1176/ajp.154.2.173 

Spielberger, C. D., Gorsuch, R., Lushene, R. E., Vagg, P. R., & Jacobs, G. A. (1983). Manual for 

the State-Trait Anxiety Inventory (Form Y1 – Y2) (Vol. IV). 

Staugaard, S. R., & Berntsen, D. (2014). Involuntary memories of emotional scenes: The effects of 

cue discriminability and emotion over time. Journal of Experimental Psychology: General, 

143, 1939-1957. doi:http://dx.doi.org/10.1037/a0037185 

http://dx.doi.org/10.1080/09658211.2014.884138
http://dx.doi.org/10.1176/ajp.154.2.173
http://dx.doi.org/10.1037/a0037185


Notice: This is the author’s version of a work that was accepted for publication in Journal of Applied Research in Memory and 

Cognition. A definitive version was subsequently published in Journal of Applied Research in Memory and Cognition, 9 (3), 370-

380. DOI: 10.1016/j.jarmac.2020.06.004 

 

32 

 

van Giezen, A. E., Arensman, E., Spinhoven, P., & Wolters, G. (2005). Consistency of memory for 

emotionally arousing events: A review of prospective and experimental studies. Clinical 

Psychology Review, 25, 935-953. doi:http://dx.doi.org/10.1016/j.cpr.2005.04.011 

Weathers, F. W., Litz, B. T., Keane, T. M., Palmieri, P. A., Marx, B. P., & Schnurr, P. P. (2013). 

The PTSD Checklist for DSM-5 (PCL-5). Scale available from the National Center for 

PTSD at www.ptsd.va.gov.  

Weidmann, A., Conradi, A., Gröger, K., Fehm, L., & Fydrich, T. (2009). Using stressful films to 

analyze risk factors for PTSD in analogue experimental studies - which film works best? 

Anxiety, Stress & Coping, 22, 549-569.  

 

  

http://dx.doi.org/10.1016/j.cpr.2005.04.011
www.ptsd.va.gov


Notice: This is the author’s version of a work that was accepted for publication in Journal of Applied Research in Memory and 

Cognition. A definitive version was subsequently published in Journal of Applied Research in Memory and Cognition, 9 (3), 370-

380. DOI: 10.1016/j.jarmac.2020.06.004 

 

33 

 

Table 1 

Summary of Means, Standard Deviations, Test Results, and Effect Sizes for the Phenomenological 

Characteristics, Number of Hotspots and Forced Choice Recall as a Function of Time 

 

 

Variable 
Time 1 Time 2  

 

 M (SD) M (SD) t d 

Valence (during) -1.34 (0.69) -1.28 (0.69) -0.46 0.08 

Intensity (during) 3.83 (1.06) 3.77 (1.23) 0.47 0.08 

Bodily reaction (during) 3.51 (1.20) 3.37 (1.39) 0.88 0.16 

Distress (during) 3.51 (1.37) 3.44 (1.36) 0.50 0.09 

Valence (memory) -1.15 (0.81) -0.82 (0.66) -2.66* 0.48 

Intensity (memory) 3.19 (1.37) 2.24 (1.11) 4.26*** 0.77 

Bodily reaction (memory) 2.72 (1.45) 1.74 (0.98) 4.37*** 0.78 

Distress (memory) 2.93 (1.60) 1.77 (1.03) 4.15*** 0.75 

Vividness (memory) 4.58 (1.36) 3.03 (1.11) 5.90*** 1.06 

No. of hotspots 5.78 (2.72) 5.44 (2.59) 1.22 0.21 

Forced choice recall 9.88 (1.50) 9.72 (1.49) .78 0.14 
 
 

Note. * p < .05. *** p < .001. 

 

 

  



Notice: This is the author’s version of a work that was accepted for publication in Journal of Applied Research in Memory and 

Cognition. A definitive version was subsequently published in Journal of Applied Research in Memory and Cognition, 9 (3), 370-

380. DOI: 10.1016/j.jarmac.2020.06.004 

 

34 

 

Table 2 

Summary of Means, Standard Deviations, Test Results, and Effect Sizes for the Phenomenological 

Characteristics as a Function of Retrieval Mode 

 

Variable Voluntary Involuntary   

 M (SD) M (SD) t d 

Vividness 3.32 (0.92) 3.21 (1.20) 0.53 0.10 

Bodily reaction 1.57 (0.72) 1.68 (0.93) -0.74 0.14 

Travel in time 2.36 (1.00) 2.20 (0.99) 1.25 0.23 

Mood impact 1.57 (0.62) 1.46 (0.61) 1.20 0.22 

Reliving 2.34 (1.04) 2.20 (0.92) 0.82 0.15 

Intensity 1.66 (0.83) 1.66 (0.69) 0.03 0.01 

Valence -0.38 (0.66) -0.47 (0.65) 0.85 0.16 

Match with hotspot 0.73 (0.27) 0.66 (0.37) 0.94 0.18 
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Table 3 

Summary of Means and Standard Deviations for the During Characteristics as a Function of Retrieval Mode and Recall 

 
 

Variable 

 

Involuntary 

 

Voluntary 

 

Main effects 

 

Interactions 

 Recalled Not recalled Recalled Not recalled Retrieval Recall Retrieval X 

Recall 

 
M (SD) M (SD) M (SD) M (SD) F ²p F ²p F ²p 

Valence (during) -1.50 (1.20) -1.02 (0.72) -1.23 (0.94) -1.13 (0.99) 0.78 0.040 1.90 0.091 0.87 0.044 

Intensity (during) 3.77 (1.13) 3.66 (1.28) 3.86 (1.09) 3.68 (1.34) 0.25 0.013 0.45 0.023 0.03 0.002 

Arousal (during) 3.66 (1.42) 3.06 (1.40) 3.59 (1.50) 3.17 (1.28) 0.06 0.003 3.39 0.151 0.21 0.011 

Distress (during) 3.53 (1.48) 3.09 (1.48) 3.59 (1.53) 3.02 (1.39) 0.00 0.000 5.13* 0.212 0.17 0.009 

 
Note. * p < .05. 
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