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Abstract

Background and objectives

Visuospatial working memory (WM) tasks performed concurrently or after an experimental
trauma (traumatic film viewing) have been shown to reduce subsequent intrusive memories
(concurrent or retroactive interference, respectively). This effect is thought to arise because,

during the time window of memory consolidation, the film memory is labile and vulnerable

to interference by the WM task. However, it is not known whether tasks before an
experimental trauma (i.e. proactive interference) would also be effective. Therefore, we
tested if a visuospatial WM task given before a traumatic film reduced intrusions. Findings
are relevant to the development of preventative strategies to reduce intrusive memories of
trauma for groups who are routinely exposed to trauma (e.g. emergency services personnel)
and for whom tasks prior to trauma exposure might be beneficial.

Methods

Participants were randomly assigned to 1 of 2 conditions. lhetres condition (n = 28),
participants engaged in the computer game for 11 min immediately before viewing a 12-min
traumatic film, whereas those in the Control condition (n = 28) had no task during this period.
Intrusive memory frequency was assessed using an intrusion diary over 1-week and an
Intrusion Provocation Task at 1-week follow-up. Recognition memory for the film was also
assessed at 1-week.

Results

Compared to the Control condition, participants inTegis condition did not report

statistically significant difference in intrusive memories of the trauma film on either measure.
There was also no statistically significant difference in recognition memory scores between
conditions.

Limitations

The study used an experimental trauma paradigm and findings may not be generalizable to a
clinical population.

Conclusions

Compared to control, playinbetris beforeviewing a trauma film did not lead to a

statistically significant reduction in the frequency of later intrusive memories of the film. It is
unlikely that proactive interference, at least with this task, effectively influences intrusive
memory development. WM tasks administered during or after trauma stimuli, rather than

proactively, may be a better focus for intrusive memory amelioration.
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1. Introduction

The presence of recurrent, involuntary and intrusive distressing memories of a
traumatic event are common in the early aftermath of psychological trauma and are a
hallmark of both Acute Stress Disorder (ASD) and post-traumatic stress disorder (PTSD;
DSM-5, American Psychiatric Association, 2013). Such negative, intrusive memories are
proposed to occur due to excessive perceptual (sensory) processing during a trauma (Brewin,
2014; Ehlers & Clark, 2000) resulting in sensory-based (predominately visual) images of the
trauma that intrude into mind spontaneously.

In this special issue, we pay tribute to Van den Hout's pioneering work. Among so
many other things, his work with colleagues provides an experimental psychopathology test
of the above clinical theory. An experiment using the trauma film paradigm revealed that the
style in which an individual processes a traumatic event influences later intrusive memories
(Kindt, Van den Hout, Arntz, & Drost, 2008). Participants who were instructed to engage in
conceptually-driven processing, relative to those who engaged in sensory-based, data-driven
processing, reported fewer intrusive memories to the traumatic film (Experiment 1) and had a
reduced tendency to suppress intrusive memories (Experiment 2). Results may also indicate
that tasks which interfere with data-driven processing (e.g. sensory-perceptual, visuospatial-
based tasks) may be beneficial in reducing the occurrence of intrusive memories (for a
diagramatic summary see, Holmes & Bourne, 2008).

Understanding possible processes to prevent later trauma symptoms is an important
task for experimental psychopathology research. Many individuals are routinely exposed to
events that are stressful and traumatic, for example in the work place (e.g. emergency
services, military personnel) or in hostile environments (e.g. war zones) and are at risk of
developing ASD and PTSD (Breslau et al., 1998; Bryant, Creamer, O'Donnell, Silove, &
McFarlane, 2012; Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995). In such instances
where exposure to traumatic events is predictable, the development of pre-emptive strategies
(e.g. methods that can be used before entering a traumatic situation) to reduce traumatic stress
symptoms, such as intrusive memories, may be clinically useful. A recent line of our work
has tested the delivery of cognitive tasks during (Bourne, Frasquilho, Roth, & Holmes, 2010;
Holmes, Brewin, & Hennessy, 2004) and after traumatic stimuli (Deeprose, Zhang, Dejong,
Dalgleish, & Holmes, 2012; Holmes, James, Coode-Bate, & Deeprose, 2009; Holmes, James,

Kilford, & Deeprose, 2010; James et al., 2015), but not before. Thus, it remains to be tested



whether such cognitive tasks can interfere when delivered prior to the encoding of traumatic
stimuli.

Memory impairment as a consequence of interference has been widely researched in
the (non-clinical) memory literature, where interference is proposed to be a primary source of
forgetting (e.g. Dewar, Cowan, & Della Salla, 2007; Muller & Pilzecker, 1900). Retroactive
and proactive interference are two forms of interference (Wixted, 2004). Retroactive
interference describes incidences where méarmation impedes the recall of previously
learned events (i.e. interference after the event). In contrast, proactive interference describes
instances where pridnformation interferes with the recall of more recent events (i.e.
interference before the event). Third, concurrent interference effects can occur when two
tasks are undertaken simultaneously leading to impairment compared to if tasks were
undertaken separately, as has been investigated using dual task paradigms (Silver et al.,
2013). Critical to the current study hypothesis, memory interference theory suggests that
tasks, regardless of their order presentation, can interfere with one another (Wixted, 2004). A
memory interference perspective thus holds relevance to experimental psychopathology
research on emotional memories, for example in considering the order and impact of
cognitive tasks which may (or may not) interfere with such memories. We next discuss
studies involving concurrent interference from Van den Hout and colleagues, then retroactive
interference with cognitive tasks administered after trauma film viewing, and then note a gap
in knowledge regarding proactive interference and trauma memory, with a fuller discussion
of proactive interference from the non-clinical literature.

Marcel Van den Hout has pioneered research which suggests that certain working
memory (WM) tasks undertaken concurrently with recalling memories of distressing events
can reduce the vividness and/or emotionality of that memory. For example, Van den Hout,
Muris, Salemink and Kindt (2001) asked participants to recall a negative autobiographical
memory whilst either engaging in a concurrent eye-movement task (tracking the
experimenter’s rapid hand movements), a concurrent rhythmic tapping task or no concurrent
task. Results showed reduced emotionality and vividness for the memory in the eye-
movement condition only. A further elegant clinical experiment with patients with PTSD
compared three concurrent task manipulations: memory recall plus eye movements, memory
recall plus alternate auditory tones, and memory recall in isolation. Findings indicated that
memory recall plus eye movements reduced emotionality and vividness to a greater extent
than memory recall plus tones and memory recall only. The authors argued that given the

evidence, the use of tones as an alternative to eye movements within Eye Movement
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Desensitization and Reprocessing (EMDR) therapyprasiature (Van den Hout et al.,
2012). These studies exemplify Van den Hout's nmgsted commitment in using
experimental findings to inform clinical practice.

According to a WM account, simultaneously recallamgemotional memory and
making eye movements compete for limited WM resesiteaving less capacity for the
memory resulting in it becoming less vivid and eimdl (Gunter & Bodner, 2008; Van den
Hout & Engelhard, 2012; Van den Hout et al., 20¥Bn den Hout & Engelhard (2012) have
reviewed experiments investigating the impact afotes cognitive tasks on the recall of
negative memories. As a variety of tasks, notgyst movements, was found to exert similar
effects, the authors proposed that any task apjatefyr taxing WM should attenuate the
vividness and emotionality of the memory (see @sater & Bodner, 2008). It is noted that
an alternative account (cf. Baddeley & Andrade,®0tas been proposed in earlier studies
(e.g. Andrade, Kavanagh, & Baddeley, 1997; Vanldeat et al., 2001) hypothesizing the
locus of the effect to be modality specific, e.@ e@ompeting resources between visual WM
task with visual aspects of the memory within tisigspatial sketchpad. This modality-
specific proposal has been favoured to explairtedlandings from our lab in which
engagement in a visuospatial WM task leads to actezh in visual intrusive memory
frequency after an experimental trauma (a trauniifitnd as compared to verbal WM tasks
(e.g. Bourne et al., 2010; Holmes et al., 2010least in some studies.

Results from different experimental paradigms magyan the discrepant views.
While Van den Hout and colleagues research gegeraitiels voluntary retrieval of
autobiographical memories with vivdiness/emotidyads outcome measures, our work
above has modelled involuntary intrusive memomesauma films and their frequency.
Further research is needed to determine the prédidenechanisms of emotional memory
inteference across paradigms and emotional mempegt Nevertheless, such paradigms are
united in an interest in understanding cognitivehamisms that might underlie the
modulation of memory following trauma exposure.tkarmore, both rely on the notion of
interference effects, and for both the temporakt@ms of memory interference remain to be
tested.

.We have sought to test whether visuospatial WMstaan reduce intrusive
memories using the trauma film paradigm (e.g. Halmieal., 2009; Holmes et al., 2010). In
this laboratory-based paradigm, participants viberisfilms containing scenes depicting
traumatic events which involve actual/threateneattder serious injury, as an experimental

analogue of viewing a traumatic event (AmericancRatric Association, 2013).



Subsequently, the occurrence of intrusive memasiescorded, over the course of 1-week in
daily life, or on a laboratory intrusion provocatitask. Visuospatial WM tasks (such as
tapping a complex sequence on a keypad held aigbf) performedluring viewing of
traumatic film footage, i.econcurrentmemory interference, reduce the number of image-
based intrusive memories of the film relative tm+visuospatial control conditions (Bourne
et al., 2010; Holmes et al., 2004; Stuart, Holn8eBrewin, 2006). Further, a visuospatial
WM task performed immediately after film viewingg.iretroactiveinterference, show the
same pattern of results (Deeprose et al., 2012pghitive task procedure involving a brief
reminder task for the film followed by playing thisuospatial-based computer garfetris
(Pajitnov & Nelson, 2008) relative to a non-visuasgl-based computer game, some time
after exposure to traumatic film footage also reguatrusive memory frequency over the
subsequent week (e.g. when played 30 minutes pstHolmes et al., 2009; and 4 hours
post-film, Holmes et al., 2010).

We have interpreted such findings as follows: ateevent, memory undergoes a
time-dependent process of stabilization, termedalixation (McGaugh, 2000). During this
period of consolidation, memory is fragile and \arlble to interference (Nader, Schafe, &
LeDoux, 2000; Walker, Brakefield, Hobson, & Stick#ja2003). Visuospatial WM tasks
presented concurrently or after experimental trguatle memory is undergoing
consolidation, are hypothesised to interfewacurrentlyor retroactively(Dewar et al., 2007,
Wixted, 2004, 2005) with visual representationshef trauma film, resulting in a reduction in
subsequent intrusive memories to the film (e.glntés et al., 2009).

Thus far, our research has focussed exclusiveth®mnise of WM tasks presented
either concurrent with or soon after experimentalima (Deeprose et al., 2012; Holmes et
al., 2009; Holmes et al., 2010). However, reseatdygests that memory interference can
also occumproactively as defined above (Wixted, 2004, 2005). Proactiterference has
been proposed to be the main cause of normal torgeh everyday life (Underwood, 1957).
Experimentally, proactive interference in memorg baen observed using a range of
paradigms, such as masking (Feredoes, Tononi, &&@806; Hartshorne, 2008), ‘AB-AC’
paired- associate cued recall (e.g. Henson, Seallmsephs, & Dolan, 2002), and Pavlovian
learning paradigms (Bouton, 1993). Proactive istenfice effects have also been observed
for high and low similarity items over the courdeseveral days using word list
discrimination tasks (for example; 7 days, Postmi@62; 1 day, Underwood, 1957) and
different tests of memory (recognition memory aecatl memory tests completed

consecutively over 2 days; Lustig & Hasher, 2002 use of discrimination tasks have also
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been combined with dual task paradigms (whereithal&neous task is finger sequence
tapping) demonstrating that dual tasks conditiedstb an increase in proactive interference
(Kane & Engle, 2000).

Proactive interference on emotional memory has ladsm investigated. For example,
following repeated learning of emotional and ndytretures and their specific spatial
location on a computer screen, more recall mistalege made for locations of emotional
compared to neutral items, indicating that emotideans were more susceptible to proactive
interference (Novak & Mather, 2009). Further, meyrior novel associations between cues
and contextual details was poorer when such cug®éen previously associated with
emotional as opposed to neutral items, again cemsig/ith proactive interference effects
(Mather & Knight, 2008). Using the trauma film pdigm to specifically studintrusive
emotional memories, a relationship was found betvie® separate measures, one indexing
individual differences in the ability to resist putive interference and another measuring
intrusion frequency following a trauma film (Verwode Wessel, de Jong, Nieuwenhuis, &
Huntjens, 2011; Wessel, Overwijk, Verwoerd, & deeZe, 2008). However, rather than
studying separate tasks, the actual impact of agiree WM task interferenaan intrusive
emotional memory does not appear to have been erami

We suggest that proactive interference effectsiomsive memory could be tested
within the trauma film paradigm, using the typecognitive task already known to interfere
concurrently or retroactively with the film. Ourgsious studies have shown large effects on
reducing intrusions when tasks were undertakenwosatly to (d = 0.80, Bourne et al.,
2010) or 30 min after (d = 0.91; Holmes et al., 20@auma-film viewing. This suggests that
the cognitive tasks exerted effects through comeuror retroactive interference with the
trauma-film memory. The cognitive tasks used wesaaspatial - complex concealed pattern
tapping orTetrisgame play respectively. Memory interference thesarygests that
interference from competing information (here titra fand the task) may occur irrespective
of the order of either event (Wixted, 2004). Howetlee impact oproactiwe interference
(i.e. a task before trauma film viewing) remaindo&otested.

The current study examined whether a visuospatidl task (Tetrisgame play)
played immediatelprior to viewing experimental trauma (a film) would redwsubsequent
intrusive memories of the film over one week, cetesit with the idea that a WM task could
proactively interfere with the consolidation ofrumive memories. Our power calculation for
sample size assumed a large effect size for coritiydo those studies in which

visuospatial tasks were undertaken concurrently(Be et al., 2010) or soon after (Deeprose
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et al., 2012; Holmes et al., 2009; Holmes et @11 experimental trauma. To recap, this
guestion holds importance both theoretically amdiadlly. It allows us to examine whether
theoretical predictions concerning proactive memotgrference extend to intrusive
emotional memory and using the trauma film paradigather than just static emotional
images). Given that there are many situations irchvtrauma are predictable, a preventative
intervention which could be delivergdior to entering a traumatic situation would be useful.
We hypothesised thaarticipants assigned to a cognitive task conditmowhich the
computer gamé&etrisis played immediatelipgeforeviewing traumatic film footage, relative
to participants in a No-Task Control condition ¢Eapantsdo notplay Tetrisbut instead sit
quietly for the equivalent period of time priorttee film), would report:
i. Fewer intrusive memories of the film over the sujpemt week in daily life, as recorded
in an intrusion diary.
ii. Fewer intrusions in response to an Intrusion Pration Task (IPT) administered at 1-

week in the laboratory.

2. Materialsand Methods
2.1. Participants

Fifty six healthy volunteers (32 females) took parthe study and were remunerated for
their participation. Participants were recruiteohfirtwo university campuses and from the
general public via advertisements in an online mpapsr and in the community. Participants
were eligible to take part if theg) were between the ages of 18 and 65 years obage,
reported no mental health problems, ahdiere not familiar with the study or had not taken
part in a study of a similar nature. Ethical ap@lovas obtained from the University of
Oxford Central University Research Ethics Commiftld&D/IDREC/C1/2011/102].

2.2. Study Stimuli

2.2.1. Trauma film

The 12 min trauma film contained 11 scenes degdaictual or threatened death, and serious
injury as an experimental analogue of viewing arratic event (DSM-5; American
Psychiatric Association, 2013). Each scene contioetage with different content e.g. a
man drowning in the sea; a young girl hit by aw#h blood dripping out of her ear. Film
footage was presented on a 17 inch colour monitee.film had been used in previous



studies to induce image-based intrusions (Holmes ,e2009; Exp 2 from Holmes et al.,
2010; James et al., 2015).

2.3. Task

2.3.1. Tetris - a visuospatial WM task

The visuospatial-based computer gahetris (Pajitnov & Nelson, 2008) involves
manipulating a series of seven differently colourad shaped 2-D geometric blocks using
the arrow cursor keys on a standard keyboard. Bléalkat a steady pace one at a time from
the top of the playing screen in a random orderthiy fall they can be moved from left to
right and rotated 90 The aim of the game is to place the blocks ag fidleéin such a way as

to form continuous horizontal rows at the bottonthaf screen. Participants were encouraged
to use mental rotation when the blocks were falliMipen a continuous row is made it is
removed from the screen and the player is awardads Over the course of the game as
more rows are completed the blocks descend fdagticipants playedetrison a PC with

no sound using the same monitor as film viewing.

2.4. Self-Report Questionnaires
2.4.1. Baseline measures

2.4.1.1. Beck Depression Inventory-Il (BDI-IDepressed mood was measured using the
BDI-II (Beck, Brown, & Steer, 1996). The BDI-Il h&4 self-report items each measured on
a scale of 0 — 3. Scores range from 0 to 63, whigieer scores indicate greater levels of
depression. The BDI-1l shows high internal validity= .81 (Beck, Steer, & Garbin, 1988).

2.4.1.2. State Trait Anxiety Inventory — Trait ($TA Trait anxiety was measured using
the STAI-T (Spielberger, Gorsuch, Lushene, Vagdakobs, 1983). The item has 20 items
and contains several anxiety-absent items (@m conterjtthat are reverse scored. Scores
range from a minimum of 20 to a maximum of 80 withher scores representing greater
levels of trait anxiety. The STAI-T demonstratesdanternal validityo = .90 (Speilberger,
Reheiser, Owen, & Sydeman, 2004).

2.4.1.3. Spontaneous Use of Imagery Scale (SWiSindividual's tendency to engage in
spontaneous mental imagery in their day-to-dayslivas measured using the SUIS
(Reisberg, Pearson, & Kosslyn, 2003). Participaaiis on a scale of h¢ve) to 5 @lwayg
12 items including;When | hear a radio announcer or DJ I've never alijuseen, | usually

find myself picturing what they might look lik&cores range from a minimum of 12
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indicating ho uséto 60 ‘high usé The SUIS has been shown to have excellent iatern
consistencyd = .98; Reisberg et al., 2003).

2.4.1.4. Eysenck Personality Questionnaire - Necisyh scale (EPQ-N)The EPQ-N
(Eysenck, Eysenck, & Barrett, 1985) contains 1éhgeEach item requires ge's’ or ‘no’
response. Positive scores are summed and rangeé&anindicating low neuroticism to 12
indicating high neuroticism. The EPQ-N has goodrimal validity;a = .84 (Eysenck et al.,
1985).

2.4.1.5. Traumatic Experience Questionnaire (JHAdapted from Foa, Ehlers, Clark,
Tolin, & Orsillo, 1999). Participants reported thprior trauma history using a 12-item
checklist adapted from criterion A of the PosttratimDiagnostic Scale (Foa, 1995) .
Participants indicated whether they had experiencedtnessed each of a series of
traumatic eventsYes scores were summed and could range from O (nortadic event) to
12 (each and every type of traumatic event expee@ior witnessed).
2.4.2. Film-related mood and distress ratings

2.4.2.1. Pre- and post-film moo@articipants rated their levels of sadness, lesgakess
depression, fear, horror, and anxiousness on sual/analogue scales (VAS) given both pre-
and post-film. The VAS instructed participants @aterhow they feltright at this very
momeritand scales were anchored at one end with at all and the otheréxtremely; A
composite mood score was calculated by summingithecales (James et al., 2015).

2.4.2.2. Film distres®Rarticipants rated their distress in relationh® film after viewing

had ended. Ad1-point scale was used anchored fromdt @t al) to 10 extremely.

2.5. Manipulation Checks

2.5.1. Film attention

Participants were asked to rat®w much attention did you pay to the film you yuatched
on an 11-point scale ranging fromrib( at all) to 10 extremely.

2.5.2. Demand rating

All participants responded to the questidtiow much do you predict that playing the game
Tetris before viewing a distressing film (ratheathwatching it normally) would increase or
decrease intrusive images of the film of the tyjpengcorded in your diaryusing a single
VAS ranging from -10d€xtreme decrea$¢o 10 (extreme increasg(based upon Holmes et
al., 2004; Stuart et al., 2006) administered attie of the second session on Day 7.
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2.6. Intrusive Memory Measures for the Trauma Film
2.6.1. Intrusion diary

Participants were asked to keep a pen and papetatadiary of any image-based
intrusive memories of the trauma film they expeteshin their daily lives in the 7 days after
the film viewing, based upon that used in previstuslies (Holmes et al., 2004; Holmes et
al., 2009; Holmes et al., 2010; James et al., 20@&usive memories were described as
‘mental images{e.g. “in the form of pictures in your mind’'s eyeind were defined as being
spontaneous memories of the film that occur witldwliberate recall. Participants noted
down in the diary every time they had a spontan@oage of the film come to mind and
were asked to briefly note the content of eactusise memories (in order for it to be later
matched to the film in content). Written and veroakructions were provided with the diary.

2.6.1.1. Diary accuracyA single VAS requested participants tadicate how accurate
you think your diary isbn a scale from In6t at all accuratejo 10(extremely accuraje
2.6.2. Intrusion Provocation Task (IPT)
In the laboratory-based IPT (adapted from Jamat,2015; Lang, Moulds, & Holmes,
2009; Malik, Goodwin, Hoppitt, & Holmes, 2014), paipants viewed 11 blurred (using
GIMP (2010) software, Gaussian Blur 2.0) statizalsmages - one from each scene of the
trauma film. The images were presented for 2 sels ea a 17 inch colour monitor using
PowerPoint slideshow. Immediately afterwards pigudicts had a 2 min break during which
they were asked to sit with their eyes closed ardga specific key on a computer keyboard

whenever they had an intrusive memory of the.film

2.7. Recognition Memory

A verbal recognition memory test comprised 32 writstatements regarding the film (as
used in Holmes et al., 2009; Exp 2 Holmes et 8l1,02. There were approximately three
statements per film clip Participants were askeevuate each statement as true or false
based on their memory of the film. Example statemeiciude; the bones in the girl’s legs
are seen to fall back into plac€True/False) orfour small circles are made on the surface of

the eye(True/False).

2.8. Data Analysis
All data were examined for potential univariateliens. No scores were more than 3 standard
deviations away from the mean, and therefore na wate classified as outliers (Tabachnick

& Fidell, 1996). Independent sampletests were used to compare means between corgition
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for baseline measures (BDI-1l, STAI-T, SUIS, EPGMN TEQ), film distress ratings,
manipulation checks (film attention and demanchg), intrusive memory measures for the
trauma film (intrusion diary frequency of intrusgrdiary accuracy and IPT intrusion
frequency) and recognition memory scores; repeateasures ANOVAS were used to
compare mood from pre- to post-film. Nominal daerevanalysed using the chi-square test.
All statistical tests were two-tailed and used kia level of .05.

2.8.1. Sample size estimation

Based on effect sizes df= 0.91 found by Holmes et al. (2009; in which m#pants
performed th& etristask 30 min post-film viewing) andi= 0.80 found by Bourne et al.,
(2010; in which participants completed a visuosdépping task during trauma film
viewing), the current study assumed a large buemonservative effect size of 0.8. A
minimum sample size & = 26 per condition is required to ensure an 80%evdw detect

this difference at the 5% significance level.

2.9. Procedure

Participants completed 2 sessions, 7 days aparyvare tested individually. The
experimenter was present for all procedures eXdaptviewing. See Figure 1 for a
procedural diagram.

Session 1 (Day 1YJpon arrival at the laboratory participants gavétem informed consent
and then completed pen and paper baseline meabotkEsving this, all participants in the
Tetriscondition completed a 1 min practice session efcihmputer gameéetris with
experimenter guidance, followed immediately by dhfer 10 min play with no guidance.
Participants in th@etris condition were instructed to play using their doamt hand.
Participants in the No-Task control condition saiet]y for an equivalent time period (11
min). Participants then watched the trauma filma tarkened room with the experimenter
absent. Visual Analogue Scale (VAS) mood evaluatiware taken before and immediately
after film viewing. Attention paid to the film ardistress ratings were also given after film
viewing. Participants were then provided with dethinstructions (both verbally and
written) on how to keep the intrusion diary oves ttourse of the subsequent 7 days and were
asked to return to the laboratory in 7 days.

Session 2 (Day 7PDne week later participants returned to the latooy with their intrusion
diaries. Participants completed a verbal recogmitemory test for the film and underwent
the Intrusion Provocation Task. Finally particimmobmpleted demand and diary accuracy
ratings, and were debriefed at the end of the éxget.
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Lo S j
__________________ v
LAB: Baselinemeasure
Session 1 v v
Day 1 Practici 1 mir No-Task
n=28 11 min n=28
] No-Task
Tetris Control
Condition Condition
Trauma Film 12 min
Y o _____ A
INTRUSION DIARY — DAYS 1-7
L AB: RETURN OF THE INTRUSION
N DIARY
Session 2

Intrusion Provocation Task;
Recognition memory for the film

Figure 1.Procedural overview
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3. Reaults
3.1. Baselines Measures

There were no significant differences between domdh for baseline measures (Table 1).

Table 1.Age, Gender, Baseline Mood and Anxiety Measurese@elmagery Use,
Neuroticism and Trauma History Ratings for eachétkpental Condition

No-Task

Measure Tetris Control Analysis

(N = 28) (N =28)

n % n % v df p
Female 13 464 19 679 263 1 0.11

M SD M SD t(54) p
Age (years) 20.46 2.03 20.71 154 0.52 0.61
BDI-1I 7.14 707 707 563 0.04 0.97
STAI-T 39.64 11.39 36.32 9.66 1.18 0.25
SUIS 35.86 7.28 38.79 7.69 1.46 0.15
EPQ-N 486 327 464 216 0.29 0.77
TEQ 089 083 107 115 0.67 0.51

note BDI-II = Beck Depression Inventory — Il (Beckadt, 1996); EPQ-N = Eysenck Personality Questiaenai
Neuroticism Scale (Eysenck et al., 1985); STAI at&fTrait Anxiety Inventory — Trait (Spielbergeragt,
1983); SUIS = Spontaneous Use of Imagery ScalesfiRej et al., 2003); TEQ = Traumatic Experiences
Questionnaire (adapted from Foa et al., 1999)

3.2. Film Related Mood and Distress Ratings

3.2.1. Mood pre- to post-film

Repeated measures ANOVA confirmed a main effetihad, indicating participants’ mood
significantly deteriorated following the film. Theewas no main effect of group, or a group x
time interaction. There were no significant difieces between conditions for ratings of film
distress (Table 2).

Table 2.Mood Change Pre- to Post-Film and Film Distressdach Experimental Condition

No-Task
Tetris Control
Measure (N =28) (N =28) ANOVA
Group
M SD M SD Time Group *Time
Pre film 8.93 10.00 7.55 4.52
Mood VAS F(1’54):68.1§ F(1,54): .08 F(1,54):O.24

Post film 21.11 1166 21.25 12.82
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Mood VAS

t(54) p
Film 7.04 1.95 7.25 2.01 0.40 0.69
Distress

Note VAS (Visual Analogue Scale) mood composite sumadriss, Hopelessness, Depressed, Fear, Horror and

Anxiousnestsz P=<.001

3.3. Intrusive memory and Recognition Memory ind®eh to the Trauma Film

There was no statistically significant differenndhe number of intrusive memories reported
in the diary in the week following trauma film viewg, or the IPT given at 1-week between
conditions. Further, participants were comparabiesélf-rated measures of diary accuracy.
Scores on the verbal recognition memory test ferfilm did not differ significantly between
conditions (Table 3).

Table 3.Intrusive Memory, Diary accuracy and RecognitionmMbey for the Trauma Film

No-Task
Tetris Control Analysis
Measure (N = 28) (N = 28)
M SD M SD t(54) P d

Intrusive memory frequency in diary 486 3.70 6.00t91 0.98 0.33 0.26
Intrusive memory frequency during IPT  5.00 3.68 745278 0.49 0.63 0.13

Verbal recognition memory test score 19.89 3.61 799.3.00 0.16 0.87 0.04
Diary accuracy 757 187 782 176 051 061 0.14

Note IPT = Intrusion Provocation Task

3.4. Manipulation Checks

Attention to film and demand rating

Participants did not significantly differ betweewnditions on ratings of attention paid to the
film or experimental demand (Table 4).

Table 4.Manipulation Checks for Each Experimental Condition

Measure No-Task
Tetris Control Analysis
(N = 28) (N = 28)
M [Sh) M SD t(sa) p
Attention to Film 9.11 1.03 9.32 0.77 0.88 0.38
Demand Rating 0.29 356 0.11 424 0.17 0.87
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4. Conclusion and Discussion

The current experiment reports null findings,hwibtential clinical and theoretical
relevance. Results failed to support our initighdthesis: i.e. compared to a control
condition, participants who played the computer gdetrisimmediatelybeforeviewing
traumatic film material did not report statistigedlignificantly fewer intrusive memories of
the film in the subsequent week as measured ligeintrusion diary in daily life or (ii) the
Intrusion Provocation Task (IPT) at the 1-weekdwallup in the laboratory. The estimates of
effect size for each intrusion measure were sraalshown by the size of the Coheth’s
statistic. Thus, current results using a proadtiterference design stand in contrast to the
large effect sizes found in concurrent/retroacinterference studies with a trauma film
paradigm (Bourne et al., 2010; Holmes et al., 2008)ile it is possible there is a small
effect of Tetrison reducing diary intrusions when played befoeetthuma film,
corresponding to owt value of 0.26, future studies would be requiretest this a priori. To
have sufficient power to detect such an effectrapa ofN = 468 would be required.
Nevertheless, if this was the case such a reduntight suggest clinical potential given that
such an intervention would be relatively low intéy$o deliver. Overall, conclusions should
be drawn with caution and current results sugdnedta from an experimental
psychopathology perspective, interventions to redotusive memories using a WM
interference rationale may not be as effectivelihaistered pre-trauma, compared to the
same cognitive task administered during (Bourred.e2010) or after trauma (Deeprose et
al., 2012; Holmes et al., 2009).

Participants imetrisand No-Task Control conditions were matched a¢livaes for
levels of depression, trait anxiety, general imggese, neuroticism and prior traumatic
history. Moreover, change in mood pre- and postsfaittention paid to the film, distress
relating to the film, diary accuracy, and recogmitmemory scores of the film at 1-week
follow-up were not significantly different betweeanditions, suggesting that these factors
are also unlikely to account for the current nultifngs.

Results also raise questions about the extemsiproactive interference predictions
from the non-clinical memory literature to emotibimdrusive memory. The memory
interference literature assumes interference wituo regardless of the order of the
presentation tasks (Wixted, 2004). Thus we had thgsised thatetris playedbefore
traumatic film viewing may interfere with the pr@seng of traumatic film content. However,
current results failed to support this in relatiora statistically significant difference in the

frequency of intrusions between groups. Why migkg be? One argument from the memory
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interference literature would be that current firgdi may be due to the lackomilarity
between the computer gametrisand the film footage thus yielding insufficient
interference. Interference stimuli used in the nragkterature (e.g. Hartshorne, 2008) share
similar properties such as category relatednegsgame material type) and spatial similarity
(e.g. shared location). Early studies showed preaatterference across variety of
paradigms, even with relatively low similarity amith temporal variation (Underwood,
1957). More recent evidence suggests similarityetasterference is more effective (e.g.
Bunting, 2006), though some instances of proactitexference have also been observed in
paradigms with low similarity. For example, Luséigd Hasher (2002) used non-identical
memory tasks performed on consecutive days to §itoactive interference effects on a
subsequent working memory span task 24 hours ldtsvever, we note this broader issue
remains a puzzle to explore further since the $e¢ask appeared sufficient in similarity to be
able to retroactively interfere with the film (elgolmes et al., 2009; Holmes et al., 2010), yet
not so proactively.

Further, there are features which, we propos&ematrisa good candidate for
interfering with intrusive memories of the film. &led features include the visuospatial
nature of the different coloured, moving 2D blothkat comprise the ganieetris (Green &
Bavelier, 2003) in relation to the colour 2D moviiigh over time, delivery on the same
computer screen and so forth. Furthermore, the saskenas been shown sufficient to
interfere with the same film when delivered at otte frames. Yet, while this possibility
seems unlikely there are other features such adytiemic nature of Tetris game play and
the film footage, which differ from kind of statimages used more typically in proactive
interference research (e.g. Novak & Mather, 200@)ch could also contribute to current
findings.

The interference literature also suggests tenhgoraingencies may be a factor
influencing proactive interference. Thus one actdamour findings may be that the Tetris
game and film viewing were relatively as far apartime, e.g. several minutes, compared to
typical proactive interference research methodsvfiich the inter stimuli timing is
milliseconds).

Another factor might be the duration of task tigkato the film duration. Potentially,
increasing the duration of pre-filiretrisgame play could enhance its ability to interferdaw
consolidation of the 12 min trauma film contentibgreasing the extent of visual memory
resources dedicated to representations of game Tteycurrent play duration of 11 min was

equivalent to studies in whicketriswas playedfter viewing a traumatic film but could be
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varied. Interestingly theTetris effect’ (Stickgold, Malia, Maguire, Roddenbury,&Connor,
2000) is a term given to the phenomenon wherehyaViepresentations dketris persist in
mind following extended periods of game play (feample, 1 hour of game play, twice a
day). Further, it has been shown thatristhemed memory traces interacted with remote
autobiographical memories that were noT efris (Stickgold et al., 2000). Increasing the
duration of pre-traumd@etrisgame play to a level at which participants repageriencing
the Tetriseffect’ (e.g. 1-2 hours) might increase the imgacintrusive memories, although
one might advise caution against excessive comgatae play.

Other possible explanations for current findinglate to the degree of competition
between prioifetrisgame play (when in the form of a memory represemtaather than
actual game play) and tleenotionalnature of the film. Incoming emotional perceptual
content “hijacks” attention (LaBar & Cabeza, 2006jlleumier, 2005). Thus, the emotional
content of the traumatic film may have overriddea ability of Tetris when playegbrior to
trauma film viewing, to be retained in short terramory to a sufficient degree to interfere
with trauma film content. Another difference witbrgrevious studies in which playing
Tetrisafter a trauma film reduced later intrusive memorieg.(Elolmes et al., 2010), is that
visual representations of emotional traumatic fiomtent purportedly underwent interference
from actualgame play, rather thamnaemory representatioof the game. Perhaps this
alongside the emotionality of the film could wealeterference effects.

The current study focussed on proactive intenfegeeffects on intrusive memory. In
addition, there was no statistically significarffelience between conditions on recognition
memory ¢l = 0.04). Interestingly, a previous study employtogcurrent interference has
shown a discrepancy between intrusive versus vatymhemory (Experiment 2, Bourne et
al., 2010). We note this pattern challenges maastrmemory theories (e.g. Tulving, 2002)
which would predict that disrupting memory consatidn would impact both involuntary
and voluntary memory which are from the same ugdeylmemory trace. However, our
current study showed that a WM task administeradtesfere proactively with the film did
not impact either involuntary intrusions or a reitign test, suggesting neither forms of
memory are disrupted.

Finally, we note that our previous studies usadrha-film reminder cues (memory
reactivation task) prior tdetrisgame play (Holmes et al., 2009; Holmes et al. 020ames
et al., 2015). Clearly one cannot deliver a remirade film before the film has been viewed.
However, it is possible that reminders of fredristask during film viewing may have aided

proactive interference effects. Recent work hasvshibat a that a cognitive procedure
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involving botha memory reactivation ask ametrisgame play is critical for reducing
intrusions within a memorgeconsolidation time-frame (e.g. when memory fortilagima
film has consolidated > 24 hours old, James eR@lL5). The role of reminder cues (either
for task or film), when using WM task interfererqm®cedures, should be further
investigated.

Overall, on the basis of current evidence, tlesalts permit the conclusion that that
a WM task of sufficient efficacy when presentecaéin experimental trauma (as in prior
experiments) is not similarly efficacious when greted before an experimental trauma (the
current experiment) to reduce intrusions. Henagiteal question for further research is to
delineate the optimal time frames for applying cetimy cognitive task procedures within a
WM interference framework.

4.1. Limitations

The current study used an experimental traum@pukation (viewing traumatic film
footage) as an analogue for psychological traundesabsequent intrusive memory
symptoms in a healthy population. A common crititgweed at the trauma film paradigm
concerns whether indirect trauma in the form ahffbotage is sufficient to induce a
traumatic response akin to that of ‘real-life’ tna& exposure. Recent guidelines in the
Diagnostic and Statistical Manual of Mental Disasdstate that exposure to trauma through
electronic media, television and movies in the bihevork (e.g. police officers) can be
considered a ‘traumatic event’ (American Psychiadgsociation, 2013). In addition,
research investigating the impact of electronic imeaposure on acute stress symptoms
found that individuals who viewed extended medi@tdge of the Boston Bombings
(approximately 6 hours), showed increased acuesssymptoms, compared to individuals
who experienced actual, ‘real life’ exposure to shene event (Holman, Garfin, & Silver,
2014). Taken together film footage, as in the kisdd in the current study, may be a useful
analogue method to prospectively study traumatctrens and subsequent symptoms in
experimental settings. The trauma film paradigmas widely used by other researchers to
investigate how individuals process (analogue)ntr@and subsequent PTSD-like symptoms,
including Van den Hout, to whom this special issuaddressed (Kindt et al., 2008).

The current study did not contain a self-repating of task compliance following
Tetrisgame play and the no-task control condition, wisicbuld be added to future studies.
The addition of manipulation measure to check wérethemory representation of Tetris
persisted beyond game play or not would allow usase apart whether Tetris did not

provide interference, or whether interference glidtnot impact intrusion frequency, should
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be included in future studieBurther, it would be worthwhile to include baselmeasures of
WM capacity in future studies to investigate theact of individual differences in WM on

interference susceptibility and subsequent intrusievelopment.

4.2. Conclusion

Previous studies have shown that engaging irs thek have a WM component, for
example those involving eye movements, either dusimafter autobiographical memory
recall (e.g. Engelhard, Van Uijen, & Van den H&Z@10; Van den Hout & Engelhard, 2012)
reduces the vividness/emotionality of those ematiomemories. Relatedly, a procedure
involving playing the computer ganietris after traumatic film viewing (e.g. Holmes et al.,
2009) reduces the frequency of later intrusive nmegsf that film. While such studies
tested possible concurrent or retroactive memdsgrference effects, the possibility of
proactivememory interference (Wixted, 2004, 2005) remaitoelle tested. The current study
therefore changed the temporal order of events thatlthe WM task (her€etrisgame play)
occurred prior to the analogue trauma exposuma fiewing). The current lack of
statistically significant differences in intrusivemories between conditions is of clinical and
theoretical interest. Results suggest the sametoggtask which was successful in reducing
intrusions when delivereafter analogue trauma exposure is not as effective amwh
administeregrior to exposure. This has relevance for the developuofgreventative
interventions for those clinical groups in whicauma can be predicted to occur. Results flag
temporal constraints on the delivery of memoryrietence tasks for intrusive memories of
emotional events, suggesting further work is ned¢ddatidge the non-clinical and clinical
literatures. These divergent results between ssuathel methods raise intriguing questions
about boundary conditions of memory interferencehlmaisms in relation to intrusive
emotional memory.

Ultimately, the effect oTetrisgame play on intrusion frequency remains to be
empirically tested within a clinical setting in tdige, for example with frontline responders
who are repeatedly exposed to traumatic eventseitirie of work. We note that a current
study is underway (ClinicalTrials.gov Identifierd¥02080351; 2015) testing the
retrospective impact dfetrisam emergency department with people who have exued a
road traffic accident. The results of future cladimvestigations should seek to assess not
only the potential benefits of an intervention bl#o possible negative side effects (Jonsson,
Alaie, Parling, & Arnbert, 2014). As a hypothetieadample (given current results)for

emergency personndl,were possible that proactive interference redung&usive
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memories, then perhaps proactive interference calstwinterfere with other processes that
one would not want to interfere with such as thedney emergency workers to use
visuospatial capacity to quickly make decisionghigir work setting, and this should be
investigated.

The current experiment is just one example of bawresearch in experimental
psychopathology has been influenced by the elegjadies on trauma and WM led by
Marcel Van den Hout. Combining his clinical and esmental expertise, Marcel has made
an unrivalled contribution to our understandindlef role of eye movements in the effective,
but little understood treatment for PTSD - EMDRs Hégacy creates numerous broader
sources of inspiration too, including the invediigia of additional WM tasks to help
ameliorate unwanted negative, emotional memoridgfaam further development of
experimental paradigms through which to continuexjplore the mechanisms underlying

changes in related psychopathologies after trauma.
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Highlights
There are many situations in which trauma are predictable (e.g. working in emergency
services) thus a preventative intervention which could be delivered prior to entering a
traumatic situation would be useful.
Could aworking memory (WM) task before anal ogue trauma reduce intrusions via
proactive interference?
Participants played Tetris or had no task prior to viewing atraumatic film.
Compared to the no task, participantsin the Tetris condition did not report a
statistically significant difference in intrusive memories of the trauma film.
WM tasks administered during or after trauma stimuli, rather than proactively, may

be a better focus for intrusive memory amelioration.



