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Abstract 

The present study aimed to determine whether exposure to an analogue traumatic event 

affects attentional processing of emotional information. Two groups of non-clinical participants 

matched on anxiety level, depression symptoms and stressful life events viewed either a trauma 

or a neutral film. They then performed an emotional Stroop task during which both continuous 

electroencephalographic activity was recorded and intrusive memories were measured. Results 

revealed that the valence effect (measured by the difference between emotional and neutral 

conditions) for the P1 amplitude was significantly greater in participants who viewed the trauma 

film than in participants who viewed the neutral film. This interaction was specific to words 

semantically related to the analogue trauma event and did not extend to all negative words. 

Further analyses revealed a relationship between intrusions frequency, P1 amplitude and 

emotional Stroop interference, indicating a link between attention and intrusive memories. Our 

findings suggest that exposure to potentially traumatic events has an important impact on 

neurocognitive function, even in the absence of psychopathology, and that this impact occurs at 

an early, possibly automatic stage of processing. 

 

Keywords: Event-related potentials; Trauma film; Emotional Stroop; Selective attention; 

Intrusive memories. 
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Introduction 

Exposure to a traumatic situation can persistently affect cognitive processing (see e.g., 

Tapia et al. 2007; Weber 2008, for reviews), especially selective attention (Block and Liberzon 

2016). Although selective attention biases have mainly been observed in patients suffering from 

post-traumatic stress disorder (PTSD; e.g., Fani, Jovanovic et al. 2012; Fani, Tone et al. 2012; 

McNally et al. 1990; Powers et al. 2019), similar effects have been reported in trauma-exposed 

individuals without PTSD (e.g., Caparos and Blanchette 2014; Cassiday et al. 1992), suggesting 

that trauma exposure itself is a critical factor that can change information processing. This is 

noteworthy given that individuals who experience a traumatic event predominantly do not 

develop PTSD. The lifetime prevalence of PTSD after trauma exposure is estimated to be 

approximately 5.6% (Koenen et al. 2017), while up to 90% of the population will be exposed to 

at least one potentially traumatic situation (the lifetime prevalence of experiencing a traumatic 

event is 89.7%; Kilpatrick et al. 2013). However, given that these studies are necessarily 

correlational, it is difficult to know whether exposure to trauma is causally responsible for these 

changes in attention. In this paper, we use an experimental paradigm to investigate whether 

exposure to an analogue traumatic event causes alterations of attentional processing, outside 

PTSD. 

Impaired selective attention after trauma exposure has been demonstrated with the 

emotional Stroop task (see Cisler et al. 2011; Williams et al. 1996, for reviews), in which 

participants have to identify the ink color of emotional or neutral words. The emotional Stroop 

effect (i.e., the longer response times for emotional compared to neutral words) is typically 

greater in trauma-exposed participants, relative to non-exposed controls, when the emotional 

words are trauma-related. The common interpretation is that traumatic event exposure, regardless 
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of PTSD, impairs attentional control and enhances processing of trauma-related information. As 

a consequence, attention is biased toward trauma-related words, even when these stimuli are not 

task-relevant, in trauma-exposed individuals (Cisler et al. 2011). 

While the emotional Stroop task has established that trauma exposure alters selective 

attention to trauma-related stimuli, it is not clear what neurocognitive processes this results from. 

In particular, behavioral results obtained with this paradigm do not permit to determine the time 

course of processes involved in the emotional Stroop effect. Examining the neurophysiological 

processing of emotional information should reveal the level at which processing differences 

occur (e.g., early or late) between trauma-exposed and controls participants. This is important 

both to understand the nature of the impact of trauma on cognition, and the possibilities for 

altering these effects, when they are negative. Event-related potentials (ERPs) provide precise 

temporal data about distinct neural responses that take place during the processing of emotional 

and neutral information, and can be used to identify the temporal locus of this difference (Luck, 

2005). 

In a recent electroencephalographic study using the Stroop paradigm, early processing of 

trauma-related emotional words was altered in sexual abuse victims without PTSD (Grégoire et 

al. 2018). Specifically, the P1 (an early component related to selective attention) amplitude 

difference between trauma-associated and neutral words was higher in sexual abuse victims than 

in non-exposed controls. This result suggests that exposure to potentially traumatic events can 

have an important impact on neurocognitive function even in the absence of psychopathology 

(see also Zhang et al. 2014). 

However, studies designed to evaluate the repercussions of trauma exposure on cognition 

typically compare existing groups (exposed and non-exposed) and therefore encounter two 
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common methodological limitations: 1) the possibility of  preexisting group differences in 

cognitive function (Gilbertson et al. 2006), and 2) the presence of potential confounding 

variables, which can be a consequence of trauma exposure, such as depression (Shalev et al. 

1998), anxiety (Marshall et al. 2000; Tapia et al. 2012), maladaptive behaviors (e.g., substance 

abuse; Barrett et al. 1996), or a greater number of stressful life events (Grégoire et al. 2020). 

Thus, it cannot be asserted with confidence that differences in attention towards trauma-related 

stimuli are necessarily caused by trauma exposure. 

One way to circumvent this problem is to use the trauma film paradigm (see Holmes and 

Bourne 2008; James et al. 2016, for reviews). This approach consists in presenting short films 

containing scenes of stressful or traumatic situations to non-clinical participants. Watching a 

trauma films is not traumatic per se but permits to experimentally (and transiently) induce some 

of the reactions typically associated with PTSD, such as negative emotional reactions (e.g., fear, 

distress), intrusive memories (also called intrusions), and even dissociation (Brewin and 

Saunders 2001; Holmes and Bourne 2008; Holmes et al. 2010). Because it enables the use of an 

experimental design, comparing one group exposed to a trauma film to one exposed to a neutral 

film, this paradigm allows researchers to examine the causal effects of analogue trauma exposure 

on cognitive processes while controlling for potential confounding factors usually present in 

trauma-exposed populations.  

The main goal of the present study was to confirm and extend findings from Grégoire et 

al. (2018) by determining whether analogue trauma exposure produces an alteration of selective 

attention in non-clinical participants. The experiment consisted in performing an emotional 

Stroop task (during which continuous electroencephalographic activity was recorded) after 

viewing either a trauma or a neutral film. We employed electrophysiological measures to 
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examine in more detail the specific mechanisms that were affected by analogue trauma exposure. 

Evoked potentials can allow to determine whether analogue trauma exposure alter early or late 

stages of information processing. A modulation of early processing is thought to be associated 

with perceptual, more automatic processing (Näätänen et al. 1982), while later components are 

generally associated with more strategic, controlled cognitive processes (Mangun and Hillyard 

1995). We focused on two ERP components, one early (P1) and one late (P3b), known to be 

modulated by the attentional processing of emotional information (e.g., Li et al. 2007; Sass et al. 

2010; Thomas et al. 2007). The P1 component is a positive-going voltage fluctuation peaking 

approximately between 100 and 130 ms after stimulus onset, originating from extrastriate areas 

of visual cortex and maximal over lateral occipital regions (Luck 2005). The P1 is related to 

sensory and perceptual processing of visual stimuli (Woodman 2010). Previous studies have 

shown a modulation of P1 by the emotional value of the contents, specifically in emotional 

Stroop tasks, with non-clinical populations. A greater amplitude of P1 was observed for 

emotional, particularly negative and threat-related words, compared to neutral words (Li et al. 

2007; Sass et al. 2010; van Hooff et al. 2008). These results suggest an effect of emotion on 

attention allocation which may occur at an early stage of processing, outside the participants’ 

control. The P3b component (which is part of the P300 complex; Polich 2007) has a 

predominantly parietal distribution, peaking approximately between 300 and 600 ms after 

stimulus onset. The P3b is related to increased attentional resource deployment (Yee and Miller 

1994) and can be used as an index of updating or consolidation in short-term memory (see e.g., 

Bourassa et al. 2015; Brisson 2015; but see Verleger 1988). P3b amplitude is often larger for 

emotional than neutral stimuli (e.g., Herbert et al. 2008; Schupp et al. 2004), reflecting 

prioritization of emotional information. A differential valence effect between the two groups on 
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the P1 component would indicate that analogue trauma exposure affects automatic processing of 

emotional words. A similar effect for the P3b would reveal that analogue trauma exposure alters 

later, strategic processing of emotional words. 

A secondary objective of this study was to assess whether alterations in selective 

attention are specific to emotional words related to the analogue trauma content, or whether they 

affect all emotional words. Grégoire et al. (2018) could not ascertain whether the early 

attentional effect resulted from trauma-related or (non-traumatic) generally-emotional words 

because they only used trauma-related emotional words. A recent paper reported attentional 

biases to emotional stimuli in trauma-exposed participants but only when these stimuli were 

trauma-related (Grégoire et al. 2020), suggesting that trauma exposure would not affect 

attentional processing of generally-emotional information. Four types of words were employed 

in the Stroop task of the current study: emotional words related to the trauma film, emotional 

words unrelated to the trauma film, neutral words related to the neutral film and neutral words 

unrelated to the neutral film. We hypothesized that the P1 amplitude difference between 

emotional words related to the trauma film and neutral words unrelated to the neutral film would 

be higher in participants who watched the trauma film, relative to participants who watched the 

neutral film. The same effect should be smaller or absent with emotional words unrelated to the 

trauma film.  

Finally, we exploited the capacity of the trauma film paradigm to induce intrusive 

memories to examine the link between selective attention and intrusions. Intrusions can be 

defined as distressing memories of the traumatic event that occur involuntarily into 

consciousness (Holmes et al. 2004; Rattel et al. 2019), taking the form of thoughts or sensory-

perceptual impressions (James et al. 2016). While the attentional and memory-related effects of 
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trauma exposure, in clinical and non-clinical populations, have often been investigated, they 

have rarely been inspected together in the same study, at least not using an experimental setting. 

Theoretical models of PTSD suggest that intrusions are related to increased perceptual (as 

opposed to conceptual) processing of trauma-related stimuli (Ehlers and Clark 2000). In this 

trauma-analogue study, we expected that 1) the trauma film would generate more intrusions than 

the neutral film and we explored whether 2) the number of intrusions related to the trauma film 

was linked to perceptual processing (indexed by the P1 component) of stimuli associated with 

the trauma film. 

  

Method 

Participants 

Twenty-seven undergraduate students at the University of Quebec at Trois-Rivières 

participated in the experiment after having responded to emails or poster advertisements on 

campus. The study was announced as exploring the interaction between emotion and attention. 

Each participant first had to fill out a set of questionnaires and return them to the experimenter. 

All participants were White, native French speakers, and reported normal or corrected-to-normal 

visual acuity and normal color vision. According to self-report, none had neurological or 

psychiatric antecedents or were taking medication known to affect the central nervous system. In 

addition, no participant had severe depression, as measured by the Beck Depression Inventory-II 

(BDI-II; Beck et al. 1996), or reported any history of trauma. Moreover, participants having been 

involved in a moderate or severe car accident were not invited to participate because the trauma 

film concerned car accidents. Thus, the trauma video was not related to a potentially traumatic 

event which might have affected the cognitive dispositions of our participants. Three participants 
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were excluded from analyses because more than 50% of their trials were removed (see artefact 

criteria rejection criteria below; Grégoire et al. 2018), leaving a sample of 24 participants. We 

provide details of participant characteristics in Table 1.  

The sample size was chosen to achieve 0.95 power at α = 0.05, based on the effect size 

(𝜂𝑝
2 = .151) observed in Grégoire et al. (2018) for the interaction effect between Valence 

(emotional, neutral) and Group (trauma, control) in a mixed analysis of variance (ANOVA). 

Specifically, the power analysis indicated that a sample size of 22 (11 participants per group) 

would be sufficient to detect the interaction effect. The study was approved by the local ethics 

committee of the University of Quebec at Trois-Rivières and all participants provided written 

informed consent prior to testing, being fully aware of the nature of the stimuli to be presented 

and having seen examples of the questions that would be asked. They received a financial 

compensation of 20$CA for their participation. 

 
Table 1. Participant characteristics for trauma and control groups. 

Note. Standard deviations are in parentheses. BDI-II = Beck Depression Inventory; STAI-S = State-

Trait Anxiety Inventory-State; STAI-T = State-Trait Anxiety Inventory-Trait; LEI = Life Events 

Inventory. 
 

Experimental Setup 

Testing took place in a dark room. The experimental protocol included the administration 

of several questionnaires, the presentation of a video and an emotional Stroop task during which 

 Trauma group Control group t-tests 

N 12 12 - 

Women/Men 7/5 7/5 - 

Age (years) 22.50 (3.48) 23.92 (6.80) t(22) = 0.64, p = .527 (prand = .620), d = 0.26 

BDI-II 7.33 (6.41) 6.17 (7.91) t(22) = 0.40, p = .695 (prand = .716), d = 0.16 

STAI-S 36.25 (10.61) 31.33 (9.21) t(22) = 1.21, p = .238 (prand = .248), d = 0.50 

STAI-T 34.92 (8.60) 35.42 (9.27) t(22) = 0.14, p = .892 (prand = .911), d = 0.06 

LEI 14.17 (8.03) 15.67 (6.43) t(22) = 0.51, p = .619 (prand = .635), d = 0.21 
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continuous electroencephalographic activity was recorded from 64 active scalp electrodes 

(actiCap). The video, questions and stimuli were presented on a CRT 17-in monitor, operating at 

a resolution of 1,024 × 768 pixels. Viewing distance was about 60 cm. The stimuli were 

generated and the experiment was run using EPrime (Schneider et al. 2002). Participants came to 

the laboratory for a single 90-min session. 

 

Stimuli and procedure  

Participants first completed and returned by e-mail several questionnaires concerning 

demographic information (age, mother tongue, education level, color blindness, visual 

impairment, neurological or psychiatric antecedents, medications altering cognition and prior 

potentially traumatic experiences including car accidents), depression (BDI-II), anxiety (STAI) 

and stressful life events (LEI). If they met all the inclusion criteria (see Participants section), 

they were invited to participate in the experiment. Note that STAI and LEI tests were not used to 

exclude participants but to verify that the two groups did not differ on anxiety and stressful life 

events measures. 

 The first part of the experiment consisted in watching a short video (traumatic or neutral), 

which was preceded and followed by a subjective self-evaluation targeting five emotions (anger, 

powerlessness, horror, sadness and fear). Participants were then asked to report, during a period 

of five minutes, intrusions related to the video. Finally, participants performed an emotional 

Stroop task during which both continuous electroencephalographic activity was recorded and 

intrusions were measured. 

Questionnaires. The BDI-II (Beck et al. 1996) was used to evaluate the severity of depressive 

symptoms. It consists of 21 questions, each with a score between 0 and 3. The minimum score is 
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0 and the maximum score is 63. Scores above 28 are considered consistent with “severe” 

depression. Internal consistency (measured by Cronbach's α) of BDI-II varies between .83 and 

.96. Test-retest reliability (measured by Pearson's r) varies between .73 and .96 (Wang and 

Gorenstein 2013). In our experimental sample (N = 24), internal consistency of BDI-II is .90. 

The State-Trait Anxiety Inventory (STAI; Gauthier and Bouchard 1993) was filled in by 

participants to evaluate their state (STAI-S) and trait (STAI-T) anxiety levels. Each scale has 20 

items. Participants had to choose, for each item (e.g., “I am worried”), an answer ranging from 

“1: Not at all” to “4: Very much so”. This questionnaire provides a score from 20 to 80 with 

higher scores indicating greater levels of anxiety. Internal consistency varies between .86 and .95 

for STAI-S and between .89 and .96 for STAI-T. Test-retest reliability varies between .16 and 

.62 for STAI-S and between .65 and .86 for STAI-T (Spielberger et al. 1983). In our 

experimental sample, internal consistency is .90 for STAI-S and .88 for STAI-T. 

The Life Events Inventory (LEI; Cochrane and Robertson 1973) was administered to 

evaluate the occurrence of stressful life events experienced by participants throughout their 

lifetime (pleasant, unpleasant or neutral; for example, moving to a new house, pregnancy, 

divorce). Participants simply read the 52 events and answered if each one had happened to them 

or not. ‘No’ answers were coded as zero and ‘yes’ answers as one; each participant was thus 

given a score from zero to fifty-two with higher scores indicating a greater number of stressful 

life events.  

Trauma and neutral videos. The trauma video consisted of an 8-minute compilation of five 

scenes (from public television programs) all related to real and serious traffic accidents. In three 

scenes, emergency services intervened at the site of the accident to treat injured people. Another 

scene was related to a fatal collision between a motorcycle and a car, and the last one concerned 
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consequences of a traffic accident for a victim (i.e., permanent handicap). The trauma film was 

used in a previous study (manuscript in preparation) in which we observed a significant effect on 

the five self-reported emotions (i.e., anger, powerlessness, horror, sadness and fear) measured 

before and after the viewing of the video (N = 22, all ps < .05). We choose scenes from real 

situations in order to produce vivid emotional reactions. The neutral video consisted of an 8-

minute film depicting the daily life of an accountant in a bookkeeping firm. As for the trauma 

film, the neutral video was composed of five scenes and extracted from a public television 

program. For the sake of simplicity, we refer to the group of participants who watched the 

trauma film the trauma group (though the trauma film is not a real traumatic situation, as 

mentioned in Introduction) and the group of participants who watched the neutral film the 

control group. Note that we employed control group instead of neutral group to avoid that two 

of the factors used in the analyses (i.e., valence and group) have a modality with the same label. 

Participants were randomly assigned to one of the two groups (trauma or control) using a random 

number generator (with integers from 1 to 100). Participants with an odd number were assigned 

to the trauma group; participants with an even number were assigned to the control group. 

Self-reported emotion. Before and after viewing the video, participants evaluated on a 10-point 

scale ranging from “0: Not at all” to “10: Extremely” their current affective state for each of the 

five following emotions: anger, powerlessness, horror, sadness and fear. 

Immediate intrusions. After the second subjective rating, immediate intrusive memories were 

measured for a 5-minute period. Participants were asked to close their eyes keeping their 

dominant hand above the space bar of the keyboard. They were required to press the space bar 

when an intrusive memory about the film occurred, and to release the space bar when it had 

gone. An intrusive memory was defined as a mental image or a thought that appears 
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spontaneously in consciousness. Intrusions do not include deliberate recollections or verbal 

ruminations about the film. Participants were carefully instructed to only report memories that 

met these criteria. This procedure, based on a method employed by Nixon et al. (2009), mainly 

aimed to verify that the trauma film induced intrusive memories, and so that our manipulation 

was effective. An audio signal informed participants that the 5-minute period was finished. We 

measured the frequency and duration (in seconds) of intrusions. 

Emotional Stroop task. Thirty-two words (substantives) were used in the Stroop task. We 

manipulated the valence (emotional, neutral) and the semantic relatedness (related, unrelated) of 

words such that eight emotional words were related to the trauma film (emotional-related words; 

e.g., accident, blood), eight emotional words were not related to the trauma film (emotional-

unrelated words; e.g., cancer, divorce), eight neutral words were related to the neutral film 

(neutral-related words; e.g., office, file) and eight neutral words were not related to the neutral 

film (neutral-unrelated words; e.g., plate, boot). The four types of words (i.e., emotional-related, 

emotional-unrelated, neutral-related and neutral-unrelated) were matched for frequency, number 

of orthographic neighbors, number of letters and number of syllables as derived from the online 

database Lexique 3.80 (http://www.lexique.org; New, 2006). None of the two-by-two 

comparisons were significant (all ps > .10).  

We also tested valence and arousal dimensions of words using the same method as Gilet 

et al. (2012). Twenty-six participants (11 males, native French speakers, mean age: 22.19 years, 

SD = 3.27), who did not participate in the main study evaluated the 32 words on line, using  a 7-

point scale ranging from “1 = very unpleasant, unpleasant, negative connotation” to “7 = very 

pleasant, pleasant, positive connotation” for the valence dimension and from “1 = very calming, 

soothing, relief feeling” to “7 = very arousing, exciting, stressful” for the arousal dimension. As 
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expected, results revealed significantly lower valence ratings for related and unrelated emotional 

words than for related and unrelated neutral words (all ps < .001), and significantly greater 

arousal ratings for related and unrelated emotional words than for related and unrelated neutral 

words (all ps < .001). No significant differences were observed between emotional-related words 

and emotional-unrelated words for valence and arousal (all ps > .10). Similarly, no significant 

differences were observed between neutral-related words and neutral-unrelated words for the 

same dimensions (all ps > .05). The complete list of words and their characteristics are presented 

in the Appendix. Details of the statistical analyses performed on the characteristics of words are 

reported in the Supplemental Material 1. 

 Each type of word (i.e., emotional-related, emotional-unrelated, neutral-related and 

neutral-unrelated) was presented in a blocked fashion, with a random order of presentation 

within each block, because this method is known to potentiate the emotional Stroop effect (e.g., 

Kaspi et al. 1995; see also, Algom et al. 2004, Experiment 6; Holle et al. 1997). The blocked 

presentation was also more convenient to measure intrusions relative to each type of words. The 

order of block presentation was counterbalanced across participants, with the restriction that a 

block of emotional words always alternated with a block of neutral words and vice versa (leading 

to eight possible presentation orders). Each of the four blocks comprised 128 trials with a self-

paced break every eight trials, to allow participants to rest, move, or blink. Before the start of the 

emotional Stroop task, participants performed twelve practice trials (with neutral words different 

from the experimental words). 

The frequency of appearance of colors was manipulated in order to measure the P3b 

component, which is evoked by infrequent stimuli (Polich and Kok 1995). In each block, the 

blue and green colors appeared 48 times each (75% of trials), while the red and yellow colors 
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appeared only 16 times each (25% of trials). Thus, each word was presented six times in blue, six 

times in green, two times in red and two times in yellow. The order of presentation of colors was 

randomized. The amplitude of the P3b is larger to less frequent stimuli, in this case the colors red 

and yellow. Therefore, subtracting frequent trials (i.e., with blue or green colors) from infrequent 

trials (i.e., with red or yellow colors) isolates the P3b from overlapping activity that is not 

sensitive to our category-defined frequency manipulation.  

At the beginning of each trial, a black fixation cross appeared at the center of the screen 

for a random duration between 400 ms and 800 ms. Then, a colored word was presented at the 

center of the screen and stayed displayed until participants gave their response via the computer 

keyboard. Participants had to press the “C” key when the word was presented in green or red, 

and they had to press the “M” key when the word was presented in blue or yellow. They were 

instructed to keep the middle finger of the left hand above the “C” key and the middle finger of 

the right hand above the “M” key throughout the Stroop task. Participants were encouraged to 

respond as fast and as accurately as possible while ignoring the word’s meaning. After they had 

responded, there was a 1000 ms delay before the next trial started (Figure 1). Words appeared in 

lowercase bold, font “Courrier New 18”. The background of the screen was grey during the 

entire task.  

Throughout the emotional Stroop task, participants were also required to press the space 

bar each time they had an intrusion (they were instructed to keep their forefingers above the 

space bar throughout the task) while prioritizing the Stroop task. More precisely, we specified 

that intrusions had to be reported after determining the word color and before the beginning of 

the next trial (i.e., before the presentation of the fixation cross). Note that pressing space bar 

during the presentation of a Stroop stimulus terminated the trial. Finally, participants were 
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encouraged to avoid eye movements or blinks during trials. If they needed to blink, they were 

instructed to do so after pressing the response key. 

 

 

Figure 1. Sequence of events in the emotional Stroop task. Each trial began with a fixation cross of a random 

duration between 400 ms and 800 ms, followed by the presentation of a colored word. The stimulus stayed on the 

screen until the participant’s response. Then, a 1000-ms interval preceded the start of the next trial. 

 

Electrophysiological Data Acquisition 

The electroencephalography (EEG) was recorded from 64 active Ag/AgCl electrodes 

(ActiCHamp system with ActiCAP, Brain Products) positioned according to the standard 10–10 

system, with the exception that the TP9 and TP10 electrode sites were not used; they were 

replaced by electrodes placed at the mastoids. Activity at all electrodes was recorded with a left-

mastoid reference, and the data were re-referenced offline to the algebraic average of the left and 

right mastoids (Luck 2005). Additional cutaneous electrodes were used to monitor 

electrooculographic activity; two placed on external canthi to record the horizontal 

electrooculogram (HEOG) and two placed on infra/supraorbital regions of the right eye to record 

the vertical electrooculogram (VEOG). All electrode impedances were kept below 15 kΩ. The 

EEG was sampled and digitized at 500 Hz. 
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Event-Related Potentials Analysis 

Using the software Brain Vision Analyser 2.0 (Brain Products, Germany), signals were 

high-pass filtered at 0.01 Hz and lowpassed at 20 Hz offline. Trials with eye blinks (VEOG > 50 

μV), large horizontal eye movements (HEOG > 50 μV), and/or other artifacts at electrodes of 

interest (> 80 μV at PO7, PO8, POz, Pz or CPz) were excluded from further analyses using an 

automated screening procedure. The EEG was segmented relative to the onset of the presentation 

of each word in the emotional Stroop task to create stimulus-locked epochs of 1000 ms that 

included a 200 ms pre-stimulus period, which served as the epoch baseline (Figure 1). For each 

ERP component, epochs were averaged after removing error trials and trials with response times 

(RTs) beyond 1500 ms and below 200 ms. 

The mean amplitude of the P1 (time window: 80-140 ms post-stimulus) was computed 

separately for each type of words at the PO7 and PO8 electrode sites, where the deflection is 

typically maximal (Luck 2005). 

The mean amplitude of the P3b (time window: 400-750 ms post-stimulus) was computed 

separately for each type of word at the POz, Pz and Cpz electrode sites, where the component is 

typically maximal. To isolate the P3b component, we subtracted the average signals of trials with 

frequent colors (blue and green) from the average of trials with infrequent color (red and yellow). 

 

Statistical Data Analysis 

 In the emotional Stroop task, trials with errors (5.38%) and correct trials with RTs under 

200 ms or over 1500 ms (2.15%) were discarded from RT as well as ERP analyses. A mixed 

factorial ANOVA with Valence (emotional, neutral) and Relatedness (related, unrelated) as 

within-subject variables and Group (trauma, control) as a between-subject variable was run on 
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each of the following dependent variables: P1 amplitude, P3b amplitude, RTs and intrusions 

during the Stroop task. Subsequent paired-sample t-tests were used when appropriate. For each 

paired-sample t-test, data were checked for normality of distribution with the Kolmogorov-

Smirnov test. Note that we calculated Cohen’s d using the formula dz = t/sqrt(n) for all paired-

sample t-tests (Lakens, 2013; Rosenthal, 1991). We also performed independent-samples t-tests, 

mainly to compare the two groups of participants for frequency and duration of immediate 

intrusions, subjective ratings of emotions, and pre-tests. For each independent-samples t-test, we 

additionally reported prand, which reflects the probability of the observed effect when comparing 

to an empirically-derived sampling distribution in which the assignment to the group (e.g., 

trauma or control) is randomly determined for each participant over 10,000 iterations; such a 

randomization test does not make assumptions about normality of the data distribution or 

homoscedasticity and is relatively robust to small sample sizes (Craig & Fisher, 2019; Ludbrook, 

1994). Finally, correlational analyses were performed, particularly to examine the relationship 

between intrusions measured during the Stroop task and the P1 amplitude. None of the 

correlations reported in this paper includes outliers (i.e., data above 2.5 standard deviations from 

their corresponding mean). Intrusions measured during the Stroop task were normalized using a 

natural logarithm transformation (i.e., we applied the transformation ln (x + 1) for the number of 

intrusions (x) obtained with each type of words for each participant). Raw data concerning 

subjective ratings of emotions and intrusions as well as histograms of distributions for 

normalized data (after log-transformation) are reported in the Supplemental Material 2.  

 

Results 

Questionnaires 
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 Pre-tests scores are presented in Table 1. No significant differences between the two 

groups were observed for the BDI-II, STAI-S, STAI-T and LEI scores (all ps > .10). 

 

Self-reported emotion 

 Before the presentation of the video, there were no significant differences between the 

two groups for self-reported levels of anger, powerlessness, horror, sadness and fear (all ps > 

.10). After the viewing of the video, self-reported levels of powerlessness, horror, sadness and 

fear were significantly greater for the trauma group than for the control group (all ps < .01). 

Levels of anger were not significantly greater for the trauma group than for the control group, 

t(22) = 1.81, p = .083 (prand = .102), d = 0.74 (Table 2). Altogether, these results confirm that the 

trauma film induced negative emotional reactions. 

 

Table 2. Subjective ratings of emotions before and after the viewing of the video for trauma and control groups. 

    Trauma group Control group t-tests 

Anger Before 0.42 (0.79) 0.58 (2.02) t(22) = 0.27, p = .793 (prand > .999), d = 0.10 

 After 1.83 (2.62) 0.33 (1.15) t(22) = 1.81, p = .083 (prand = .102), d = 0.74 

Powerlessness Before 2.08 (2.11) 0.75 (2.30) t(22) = 1.48, p = .153 (prand = .185), d = 0.60 

 After 5.50 (3.32) 0.42 (1.44) t(22) = 4.87, p < .001 (prand < .001), d = 1.99 

Horror Before 0.17 (0.39) 0.25 (0.87) t(22) = 0.30, p = .764 (prand > .999), d = 0.12 

 After 4.75 (2.18) 0.00 (0.00) t(22) = 7.55, p < .001 (prand < .001), d = 3.08 

Sadness Before 1.33 (1.92) 0.75 (2.30) t(22) = 0.67, p = .507 (prand = .588), d = 0.27 

 After 6.08 (2.15) 0.50 (1.73) t(22) = 7.00, p < .001 (prand < .001), d = 2.86 

Fear Before 1.25 (2.18) 0.50 (0.90) t(22) = 1.01, p = .283 (prand = .381), d = 0.45 

  After 2.50 (2.65) 0.08 (0.29) t(22) = 3.15, p = .005 (prand = .003), d = 1.28 

Note. Standard deviations are in parentheses. 

 

Immediate intrusions 

 Intrusions frequency and duration measured in the 5-minute period after viewing the 

video did not significantly differ between the trauma and the control group, neither for frequency 



ATTENTION EFFECTS AFTER ANALOGUE TRAUMA 20 

 

(M = 12.25, SD = 8.26 and M = 14.67, SD = 12.15, respectively), t(22) = 0.57, p = .574 (prand = 

.581), d = 0.23, nor duration (M = 233.97, SD = 47.23 and M = 235.68, SD = 97.25, 

respectively), t(22) = 0.06, p = .957 (prand > .999), d = 0.02.  

 

Emotional Stroop task - Behavioral results 

Intrusions during the Stroop task. Analyses performed on intrusions measured during the Stroop 

task revealed a significant main effect of Relatedness, F(1, 22) = 16.84, p < .001, 𝜂𝑝
2 = .434, with 

more intrusions in the block of related words (M = 1.45, SD = 1.30) than in the block of 

unrelated words (M = 0.93, SD = 0.92). We also observed a significant Valence x Group 

interaction, F(1, 22) = 38.99, p < .001, 𝜂𝑝
2 = .639. In the trauma group, participants reported a 

significantly greater number of intrusions in the block of emotional words than in the block of 

neutral words, t(11) = 4.96, p < .001, dz = 1.43. A reverse effect was evidenced in the control 

group, where participants reported more intrusions in the block of neutral words than in the block 

of emotional words, t(11) = 4.36, p = .001, dz = 1.26. These last two effects were driven by 

words related to the film viewed by participants, as reflected by the significant three-way 

Valence x Group x Relatedness interaction, F(1, 22) = 10.04, p = .004, 𝜂𝑝
2 = .313 (Table 3). In 

the trauma group, the number of intrusions was significantly greater in the block of emotional-

related words than in the blocks of emotional-unrelated, neutral-related and neutral-unrelated 

words, t(11) = 4.42, p = .001, dz = 1.28, t(11) = 4.16, p = .002, dz = 1.20, and t(11) = 5.22, p < 

.001, dz = 1.51, respectively. No significant difference was observed between the block of 

emotional-unrelated words and the blocks of neutral-related and neutral-unrelated words, t(11) = 

0.33, p = .749, dz = 0.09, and t(11) = 0.71, p = .491, dz = 0.21, respectively. Similarly, the 

number of intrusions in the block of neutral-related words did not differ significantly from the 
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number of intrusions in the block of neutral-unrelated words, t(11) = 0.28, p = .782, dz = 0.08. In 

the control group, the number of intrusions was significantly greater in the block of neutral-

related words than in the blocks of emotional-related, emotional-unrelated and neutral-unrelated 

words, t(11) = 3.84, p = .003, dz = 1.11, t(11) = 4.60, p = .001, dz = 1.33, and t(11) = 3.45, p = 

.005, dz = 1.00, respectively. No significant difference was observed between the block of 

neutral-unrelated words and the blocks of emotional-related and emotional-unrelated words, 

t(11) = 1.23, p = .243, dz = 0.36, and t(11) = 0.31, p = .760, dz = 0.09, respectively. Similarly, the 

number of intrusions in the block of emotional-related words did not differ significantly from the 

number of intrusions in the block of emotional-unrelated words, t(11) = 0.59, p = .568, dz = 0.17. 

In sum, participants reported more intrusions when stimuli were related to the video they had 

watched. All remaining effects were not significant. Specifically, we observed no main effect of 

Valence, F(1, 22) = 2.55, p = .125, 𝜂𝑝
2 = .104 (with M = 1.10, SD = 1.09, and M = 1.28, SD = 

1.21, for emotional and neutral words, respectively), no main effect of Group, F(1, 22) = 0.66, p 

= .427, 𝜂𝑝
2 = .029 (with M = 1.33, SD = 1.10, and M = 1.05, SD = 1.19, for trauma and control 

group, respectively), no Valence x Relatedness interaction, F(1, 22) = 1.15, p = .295, 𝜂𝑝
2 = .050, 

and no Relatedness x Group interaction, F(1, 22) = 0.17, p = .684, 𝜂𝑝
2 = .008 (with significantly 

more intrusions for related words than for unrelated words in the trauma group, t(11) = 3.99, p = 

.002, dz = 1.15, and the control group, t(11) = 3.31, p = .007, dz = 0.96).  
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Table 3. Number of intrusions (normalized data) and percentage of trials retained after rejecting artifacts (for EEG measures) in the 

emotional Stroop task as a function of Valence (emotional, neutral) and Relatedness (related, unrelated) for trauma and control groups. 

 

  Emotional-related Emotional-unrelated Neutral-related Neutral-unrelated 

Trauma group Number of intrusions 2.02 (1.10) 1.17 (0.96) 1.11 (1.19) 1.03 (0.98) 

Control group  0.51 (0.67) 0.72 (1.03) 2.17 (1.45) 0.82 (0.74) 

Trauma group Percentage of trials (EEG)     

 Mean 78.71 (9.92) 78.45 (12.12) 76.43 (11.44) 79.10 (11.65) 

 Minimum 57.03 57.03 53.91 55.47 

  Maximum 94.53 93.75 89.06 95.31 

Control group Percentage of trials (EEG)     

 Mean 81.97 (9.29) 79.95 (9.99) 79.75 (8.97) 77.99 (10.09) 

 Minimum 64.06 58.59 66.41 59.38 

  Maximum 98.44 95.31 97.66 89.84 

Note. Standard deviations are in parentheses. 

 

RTs. Analyses performed on RTs indicated a significant Valence x Group interaction, F(1, 22) = 

8.14, p = .009, 𝜂𝑝
2 = .270. RTs were marginally (but not significantly) greater for emotional 

words than for neutral words in the trauma group, t(11) = 1.80, p = .099, dz = 0.52, while the 

emotional Stroop effect was reversed in the control group, with RTs significantly greater for 

neutral words than for emotional words, t(11) = 2.21, p = .049, dz = 0.64. This last effect was 

driven by increased RTs with neutral-related words, just as the (marginal) emotional Stroop 

effect observed in the trauma group was driven by increased RTs with emotional-related words, 

as reflected by the significant three-way Valence x Group x Relatedness interaction, F(1, 22) = 

10.98, p = .003, 𝜂𝑝
2 = .333 (Figure 2). All remaining effects were not significant. Specifically, we 

observed no main effect of Valence, F(1, 22) = 0.36, p = .555, 𝜂𝑝
2 = .016 (with M = 557.88 ms, 

SD = 89.46, and M = 563.32 ms, SD = 87.08, for emotional and neutral words, respectively), no 

main effect of Relatedness, F(1, 22) = 1.69, p = .207, 𝜂𝑝
2 = .071 (with M = 567.30 ms, SD = 

90.84, and M = 553.91 ms, SD = 85.19, for related and unrelated words, respectively), no main 

effect of Group, F(1, 22) = 0.62, p = .439, 𝜂𝑝
2 = .027 (with M = 547.74 ms, SD = 92.52, and M = 
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573.47 ms, SD = 81.88, for trauma and control group, respectively), no Valence x Relatedness 

interaction, F(1, 22) = 2.79, p = .109, 𝜂𝑝
2 = .112, and no Relatedness x Group interaction, F(1, 

22) = 0.01, p = .934, 𝜂𝑝
2 < .001 (with no significant difference between related and unrelated 

words in the trauma group, t(11) = 0.95, p = .362, dz = 0.27, and the control group, t(11) = 0.90, 

p = .388, dz = 0.26).  

 

 

Figure 2. Correct response times as a function of Valence (emotional, neutral) and Relatedness (related, unrelated) 

for trauma and control groups. Error bars indicate standard errors. 

 

Emotional Stroop task - Electrophysiological results 

Mean and range percentages of trials retained after rejecting artifacts (for EEG measures) 

in the emotional Stroop task are reported in Table 3.  

P1 (80-140 ms). The analysis of P1 amplitude revealed a significant Valence x Group 

interaction, F(1, 22) = 5.46, p = .029, 𝜂𝑝
2 = .199, reflecting a valence effect (measured by the 

amplitude difference between emotional and neutral words) significantly greater in the trauma 

group than in the control group (Figure 3 and Figure 4A). Consistent with our hypothesis, this 
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interaction was still significant when analyses were performed only with emotional-related and 

neutral-unrelated words, F(1, 22) = 4.47, p = .046, 𝜂𝑝
2 = .169 (Figure 4B). No significant Valence 

x Group interaction was observed when analyses were performed with emotional-unrelated and 

neutral-unrelated words, F(1, 22) = 0.16, p = .691, 𝜂𝑝
2 = .007. All remaining effects were not 

significant. Specifically, we observed no main effect of Valence, F(1, 22) = 0.09, p = .766, 𝜂𝑝
2 = 

.004 (with M = 2.43 µV, SD = 2.81, and M = 2.41 µV, SD = 2.80, for emotional and neutral 

words, respectively), no main effect of Relatedness, F(1, 22) = 0.65, p = .430, 𝜂𝑝
2 = .029 (with M 

= 2.36 µV, SD = 2.72, and M = 2.48 µV, SD = 2.89, for related and unrelated words, 

respectively), no main effect of Group, F(1, 22) = 0.42, p = .523, 𝜂𝑝
2 = .019 (with M = 2.05 µV, 

SD = 2.55, and M = 2.79 µV, SD = 2.99, for trauma and control group, respectively), no Valence 

x Relatedness interaction, F(1, 22) = 1.46, p = .240, 𝜂𝑝
2 = .062, no Relatedness x Group 

interaction, F(1, 22) = 0.43, p = .518, 𝜂𝑝
2 = .019 (with no significant difference between related 

and unrelated words in the trauma group, t(11) = 0.11, p = .915, dz = 0.03, and the control group, 

t(11) = 0.99, p = .342, dz = 0.29), and no Valence x Group x Relatedness interaction, F(1, 22) = 

1.16, p = .293, 𝜂𝑝
2 = .050. 
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Figure 3. Grand average event-related potential (ERP) waveforms representing the P1 component (80-140 ms) for 

trauma and control groups with emotional and neutral words. Artifact-free trials with a correct response were 

included in the grand-average ERPs (see text for details). Note that lines of this figure were smoothed for display 

purposes. 

 

 

 

Figure 4. P1 amplitude (80-140 ms) as a function of valence and group. The valence condition comprises (A) 

emotional and neutral words, and (B) emotional-related and neutral-unrelated words. Error bars indicate standard 

errors. 
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P3b (400-750 ms). The analysis of P3b amplitude revealed no significant Valence x Group 

interaction, F(1, 22) = 0.06, p = .815, 𝜂𝑝
2 = .003, but a significant Relatedness x Group 

interaction, F(1, 22) = 4.43, p = .047, 𝜂𝑝
2 = .168. P3b amplitude was numerically larger for 

related words than for unrelated words in the trauma group (M = 1.54 µV, SD = 2.42 and M = 

0.69 µV, SD = 1.99, respectively), but the difference was not significant, t(11) = 1.26, p = .233, 

dz = 0.36, while in the control group, P3b amplitude was descriptively (but not significantly) 

larger for unrelated words than for related words (M = 1.64 µV, SD = 2.69 and M = 0.56 µV, SD 

= 3.07, respectively), t(11) = 1.74, p = .110, dz = 0.50. All remaining effects were not significant. 

Specifically, we observed no main effect of Valence, F(1, 22) = 0.10, p = .751, 𝜂𝑝
2 = .005 (with 

M = 1.04 µV, SD = 2.46, and M = 1.18 µV, SD = 3.25, for emotional and neutral words, 

respectively), no main effect of Relatedness, F(1, 22) = 0.06, p = .809, 𝜂𝑝
2 = .003 (with M = 1.05 

µV, SD = 3.07, and M = 1.17 µV, SD = 2.68, for related and unrelated words, respectively), no 

main effect of Group, F(1, 22) < 0.01, p = .987, 𝜂𝑝
2 < .001 (with M = 1.12 µV, SD = 2.48, and M 

= 1.10 µV, SD = 3.23, for trauma and control group, respectively), no Valence x Relatedness 

interaction, F(1, 22) = 0.31, p = .585, 𝜂𝑝
2 = .014, and no Valence x Group x Relatedness 

interaction, F(1, 22) = 1.03, p = .322, 𝜂𝑝
2 = .045. 

 

Correlational Analyses 

 We used correlational analyses to examine the potential links between attentional 

processing and intrusive memories. ANOVAs performed on the number of intrusions, RTs and 

the P1 amplitude during the emotional Stroop task revealed a similar interaction pattern in all 

three cases between Valence and Group, with higher scores in the emotional condition than in 

the neutral condition for the trauma group, and conversely, higher scores in the neutral condition 
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than in the emotional condition for the control group. In order to evaluate relationships between 

intrusions, RTs and the P1 amplitude, we computed a score for each of these three measures (for 

each participant): called intrusions Stroop, RT Stroop and P1 Stroop. For each, we subtracted the 

mean score obtained in the neutral condition (for related and unrelated words) from the mean 

score obtained in the emotional condition (for related and unrelated words). Thus, the scores 

represent the number of additional intrusions, time and errors related to processing emotional 

words. 

We observed a significant positive relationship between P1 Stroop and RT Stroop, r(22) 

= .429, p = .037 (Figure 5A), and a significant positive relationship between P1 Stroop and 

intrusions Stroop, r(22) = .418, p = .042 (Figure 5B). The correlation between RT Stroop and 

intrusions Stroop was also positive and significant, r(22) = .688, p < .001 (Figure 5C). To better 

understand the origin of these relationships, we performed the same analyses separately for 

related words and unrelated words.  

Related words. We observed a positive relationship between P1 Stroop and RT Stroop which 

was close to significance, r(22) = .403, p = .051 (Figure 5D). We also observed a significant 

positive relationship between P1 Stroop and intrusions Stroop, r(22) = .460, p = .024 (Figure 

5E), and a strong positive correlation between RT Stroop and intrusions Stroop, r(22) = .726, p < 

.001 (Figure 5F). 

Unrelated words. The same analyses with unrelated words revealed low and non-significant 

correlations between P1 Stroop and RT Stroop, r(22) = .118, p = .582 (Figure 5G), P1 Stroop 

and intrusions Stroop, r(22) = -.137, p = .522 (Figure 5H), and RT Stroop and intrusions Stroop, 

r(22) = -.265, p = .211 (Figure 5I). 
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No relationship was observed between the amplitude of the P3b component and both RTs 

and the number of intrusions measured during the Stroop task. Specifically, there was no 

significant correlation between P3 Stroop and RT Stroop, r(22) = .212, p = .320, as well as 

between P3 Stroop and intrusions Stroop, r(22) = .091, p = .671. Note that Stroop effects were 

calculated, as previously, by subtracting the mean score obtained in the neutral condition (for 

related and unrelated words) from the mean score obtained in the emotional condition (for 

related and unrelated words). These correlations were also not significant when analyses were 

performed separately for related and unrelated words (all ps > .10). 
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Figure 5. Relationship between P1 Stroop (mean P1 amplitude difference between emotional and neutral conditions) 

and RT Stroop (mean RT difference between emotional and neutral conditions) for (A) related and unrelated words, 

(D) related words and (G) unrelated words. Relationship between P1 Stroop and intrusions Stroop (intrusion number 

difference between emotional and neutral conditions) for (B) related and unrelated words, (E) related words and (H) 

unrelated words. Relationship between RT Stroop and intrusions Stroop for (C) related and unrelated words, (F) 

related words and (I) unrelated words. 
 

 

-2

-1

0

1

2

-4.5 -3 -1.5 0 1.5 3

P
1

 S
tr

o
o

p
 (


V
)

Intrusions Stroop

-2

-1

0

1

2

-200 -100 0 100

P
1

 S
tr

o
o

p
 (


V
)

RT Stroop (ms)

-2

-1

0

1

2

-4.5 -3 -1.5 0 1.5 3

P
1

 S
tr

o
o

p
 (


V
)

Intrusions Stroop

-2

-1

0

1

2

-200 -100 0 100

P
1

 S
tr

o
o

p
 (


V
)

RT Stroop (ms)

-2

-1

0

1

2

-4.5 -3 -1.5 0 1.5 3

P
1

 S
tr

o
o

p
 (


V
)

Intrusions Stroop

-200

-100

0

100

-4.5 -3 -1.5 0 1.5 3

R
T

 S
tr

o
o

p
 (

m
s
)

Intrusions Stroop
-200

-100

0

100

-4.5 -3 -1.5 0 1.5 3

R
T

 S
tr

o
o

p
 (

m
s
)

Intrusions Stroop

A D G 

F I 

B E H 

-200

-100

0

100

-4.5 -3 -1.5 0 1.5 3

R
T

 S
tr

o
o

p
 (

m
s
)

Intrusions Stroop

C 

Related and unrelated words Related words Unrelated words 

-2

-1

0

1

2

-200 -100 0 100

P
1

 S
tr

o
o

p
 (


V
)

RT Stroop (ms)



ATTENTION EFFECTS AFTER ANALOGUE TRAUMA 30 

 

Discussion 

The present study aimed to determine whether attentional processing of emotional 

information is altered by exposure to an analogue traumatic event. Two groups of non-clinical 

participants matched on anxiety level, depression symptoms and stressful life events viewed 

either a trauma or a neutral film. They then performed an emotional Stroop task during which 

both continuous electroencephalographic activity and intrusive memories were recorded. Results 

observed for the P1 component revealed that the valence effect, measured by the amplitude 

difference between emotional and neutral words, was significantly greater in the trauma group 

than in the control group. This interaction was still significant when analyses were performed 

only with emotional-related and neutral-unrelated words (which corresponds to the conditions 

used by Grégoire et al. 2018), but not when analyses were performed with emotional-unrelated 

and neutral-unrelated words, suggesting that exposure to the emotional video altered early 

attentional processing of trauma-related stimuli specifically, with probably preferential attention 

to these stimuli (Sass et al. 2010; van Hooff et al. 2008). This finding, using an experimental 

design, suggests that alterations of selective attention observed with participants exposed to 

potentially traumatic events in the real world may result from trauma exposure itself in the 

absence of comorbidity. 

Our data also show that this outcome does not ensue from an emotional induction effect 

(i.e., the simple exposure to an emotional situation) because the interaction between valence and 

group was specific to words semantically related to the emotional event and did not extend to all 

negative information. However, one could assume that the greater valence effect (emotional-

related minus neutral-unrelated) observed in the trauma group, relative to the control group, 

stems from relatedness and not from valence. Thus, in the trauma group, the P1 amplitude would 
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be affected by relatedness (i.e., emotional-related words) independently of valence. Following 

this line of reasoning, the P1 amplitude measured in the control group should also be affected by 

relatedness (i.e., neutral-related words), but the partial interaction between neutral words 

(related, unrelated) and group (trauma, control) was not significant (F < 1). This result argues 

against the hypothesis that the partial interaction observed between valence (emotional-related, 

neutral-unrelated) and group (trauma, control) for the P1 amplitude was due to the semantic 

association (or the relatedness) between emotional-related words and the trauma film, 

independently of the emotional nature of the trauma film; otherwise, neutral-related words would 

have produced a similar effect in the control group, relative to the trauma group, when compared 

to neutral-unrelated words.1 Note that we decomposed the Valence x Relatedness x Group 

interaction for the P1 amplitude though it was not significant (possibly due to a lack of statistical 

power) because the partial interactions allowed to directly test our a priori hypotheses. 

 While we observed effects of analogue trauma exposure on early attentional processing, 

we did not observe an effect on later, strategic processing of emotional words. Indeed, no main 

effect of valence or interactions between valence and group was significant for the P3b 

component. The only EEG studies which, to our knowledge, investigated effects of trauma 

exposure on attention using an emotional Stroop task reported a similar outcome (Grégoire et al. 

2018; Metzger et al. 1997). Though it is difficult to draw strong conclusions based on null 

findings, we can at least conclude that effects related to valence, in our study, were stronger for 

                                                      
1 An alternative explanation is that the P1 component may be more sensitive to semantic preactivation effects for 

emotional-related words (in the trauma group) than for neutral-related words (in the control group). However, this 

hypothesis could be tested by assuming that the emotional semantic priming effect in the trauma group corresponds 

to the amplitude difference between emotional-related and neutral-unrelated words while the (neutral) semantic 

priming effect in the control group corresponds to the amplitude difference between neutral-related and neutral-

unrelated words. A comparison between data obtained in each group revealed no significant effect (t < 1), which 

seems to exclude the assumption that the partial interaction observed between valence (emotional-related, neutral-

unrelated) and group (trauma, control) for the P1 amplitude resulted from an emotional semantic priming effect. 
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early than for late components. Note however that we observed an interaction between 

relatedness and group for the P3b amplitude, with a higher relatedness effect (measured by the 

amplitude difference between related and unrelated words) in the trauma group than in the 

control group. This outcome could reflect, at least partially, increased attentional resources 

toward trauma-related information to update or consolidate memories of recent emotional events. 

The P3b is indeed related to increased attentional resource deployment (Yee and Miller 1994) 

and can be used as an index of updating or consolidation in short-term memory (Bourassa et al. 

2015; Brisson 2015). 

We observed a similar three-way interaction between valence, relatedness and group for 

RTs and intrusions measured in the Stroop task. These effects were driven by emotional-related 

words in the trauma group and neutral-related words in the control group. Recall that emotional-

related words were semantically associated to the trauma film (for the trauma group) and neutral-

related words were semantically associated to the neutral film (for the control group). Thus, 

intrusions in the trauma group seemed to be triggered by emotional-related words whereas 

intrusions in the control group seemed to be triggered by neutral-related words. In other words, 

specific memories of the film (independent of its nature, trauma or neutral) might be induced 

(i.e., spontaneously appear in consciousness) by semantically related information. Intrusive 

memories are often experienced as occurring spontaneously, but they may also be evoked by a 

wide range of triggers perceptually or semantically related to the traumatic event (Ehlers and 

Clark 2000; Ehlers et al. 2004; Lyttle et al. 2010). RTs in the Stroop task followed the same 

pattern of results as the number of intrusions, probably because intrusive memories tended to 

distract participants’ attention and so increase RTs to identify the color of the Stroop stimuli. An 
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alternative (and possibly complementary) explanation is that intrusions could have loaded 

working memory and attenuated attentional resources available to perform the Stroop task. 

These interpretations are consistent with the results of the correlational analyses we 

conducted. The valence effect (emotional minus neutral) measured on RTs (i.e., RT Stroop) was 

positively correlated with the valence effect measured on intrusions (i.e., intrusions Stroop). 

However, this relationship was specific to related words and resulted from the combined effect 

of positive valence effects (for RTs and intrusions) in the trauma group and negative valence 

effects (for RTs and intrusions) in the control group. A positive valence effect in the trauma 

group corresponds to a greater number of intrusions and larger RTs for emotional-related words 

than for neutral-related words. A negative valence effect in the control group corresponds to a 

greater number of intrusions and larger RTs for neutral-related words than for emotional-related 

words. Overall, the positive correlation between RT Stroop and intrusions Stroop indicates that 

the more participants experienced intrusions during the Stroop task (independently of the valence 

of words), the more the RT Stroop was high. Put differently, the extent to which related words 

produced interference in the Stroop task was positively correlated with the extent of intrusions 

for these stimuli. Despite the abundant literature on the emotional Stroop effect after trauma 

exposure, to our knowledge, this is the first demonstration of a relationship between intrusions 

and Stroop interference.  

Our data also reveal that the valence effect measured on the P1 amplitude (i.e., P1 

Stroop) was positively correlated with the valence effect measured on intrusions and RTs (i.e., 

intrusions Stroop and RT Stroop, respectively). Again, these correlations were specific to 

related-words and resulted from the combined effect of positive valence effects in the trauma 

group and negative valence effects in the control group. These results therefore suggest an 
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important link between early perceptual processing of stimuli and later attentional and memory 

effects. 

The current study, however, has one important limitation. The sample sizes are too small 

to perform correlations in each specific group (i.e., trauma and control). David (1938)  

recommends the use of bivariate correlations only for a sample size equal or superior to 25 (see 

also Bonett and Wright 2000). Thus, we cannot determine whether two-by-two correlations 

between Stroop effects computed for each of the three measures (intrusions, RTs and the P1 

amplitude) are significant in each group, separately. Future investigations should include a 

greater number of participants. It is worth adding that this study was not primarily devised to 

perform correlational analyses, but results provide promising outcomes to explain the 

relationship between attention and intrusions after trauma exposure.  

We obtained unexpected results about intrusions frequency. No difference was observed 

between the trauma and the control group for both immediate intrusions and intrusions measured 

during the Stroop task (when averaged across conditions). Studies using a trauma and a neutral 

film usually show that intrusions related to the trauma film are more frequent, but they generally 

report the total number of intrusions recorded for a certain period (e.g., 7 days; Gvozdanovic et 

al. 2017; Hagenaars et al. 2010; Sachschal et al. 2019). It is therefore possible that the difference 

between the number of intrusions induced by the trauma and the neutral film does not appear 

shortly after the presentation of the film but only after a certain time. Experiencing intrusions is 

not pathological per se. Non-exposed, healthy individuals may have intrusive memories in 

everyday life (Brewin et al 1996; Mace 2005) which represent no concern for the experiencer 

(Holmes and Bourne 2008). However, intrusions could be more persistent when related to 

stressful rather than neutral events (Hamann 2001; LaBar and Cabeza 2006).  
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Conclusion 

 To summarize, the present study shows that exposure to an analogue trauma event can 

affect the attentional processing of emotional information related to this event, with 

neurocognitive alterations occurring at an early stage of processing, which is presumably 

automatic and not amenable to strategic control. 
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