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increased risk for physical and mental health problems 
[3]. Symptoms of PTSD include intrusive memories or 
recollections (e.g., flashbacks or nightmares), persis-
tent avoidance of stimuli reminiscent of the traumatic 
event, negative alterations in cognition and mood, and 
hyperarousal or changes in physical and emotional reac-
tions (e.g., restricted range of affect, feelings of detach-
ment and disinterest) [1, 4, 5]. Patients with PTSD often 
describe difficulties with concentration, attention, and 
memory [6–8]. Many studies have documented poorer 
performance on tests of attention, working memory 
(WM), and other cognitive domains including mental 
manipulation and retroactive interference [6, 8, 9].

Clinical practice guidelines recommend several evi-
dence-based treatments for PTSD, including the use of 

Introduction
Post-traumatic stress disorder (PTSD) is a mental dis-
order that can occur in response to a traumatic or life-
threatening event [1]. The prevalence rates of PTSD are 
between 1.9% and 8.8% [2]. PTSD results in significant 
social and economic burden and puts individuals at 
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Abstract
Background:  Although eye movement desensitization and reprocessing (EMDR) has been shown to be effective in 
the treatment of PTSD for years, it remains controversial due to the lack of understanding of its mechanisms of action. 
We examined whether the working memory (WM) hypothesis –the competition for limited WM resources induced by 
the dual task attenuates the vividness and emotionality of the traumatic memory – would provide an explanation for 
the beneficial effect induced by bilateral stimulation.

Methods:  We followed the Prisma guidelines and identified 11 articles categorized in two types of designs: studies 
involving participants with current PTSD symptoms and participants without PTSD diagnosis.

Results:  Regardless of the types of studies, the results showed a reduction of vividness and emotionality in the recall 
of traumatic stimuli under a dual-task condition compared to a control condition, such as recall alone. However, two 
studies used a follow-up test to show that this effect does not seem to last long.

 Conclusion:  Our results provide evidence for the WM hypothesis and suggest that recalling a traumatic memory 
while performing a secondary task would shift the individual’s attention away from the retrieval process and result in a 
reduction in vividness and emotionality, also associated with the reduction of symptoms.

Keywords  Post-traumatic stress disorder (PTSD), Eye Movement Desensitization and Reprocessing (EMDR), Working 
memory, Dual taxation, Eye movement, Bilateral stimulation

Can working memory account for EMDR 
efficacy in PTSD?
Dany Laure Wadji1,3*, C. Martin-Soelch1 and V. Camos2

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40359-022-00951-0&domain=pdf&date_stamp=2022-10-29


Page 2 of 12Wadji et al. BMC Psychology          (2022) 10:245 

eye movement desensitization and reprocessing (EMDR) 
[10]. The efficacy of EMDR is now well established [11–
14]. However, the mechanisms underlying its efficiency 
remain unclear.

Since its introduction, EMDR has been subject to 
debate [15]. In particular, the necessity of bilateral stim-
ulation like eye movement (EM) during EMDR is con-
troversial. Recent meta-analysis by [16] suggests that 
bilateral stimulation can be considered as a distraction 
inducing an attention-demanding task, which is (at least 
partially) necessary for an efficient treatment by EMDR. 
Other type of stimulations apart from EM that have been 
found to be beneficial include drawing a Figure [17], sub-
traction arithmetic [18], and playing the computer game 
Tetris [19].

A central component of EMDR treatment is the dual 
focus of attention, also called dual taxation [15]. Dual 
taxation takes place when an individual recalls a distress-
ing memory while also performing a bilateral stimula-
tion or secondary task, such as EM, mental arithmetic, 
or drawing complex Figure [20]. During the session, the 
therapist works on memory retrieval while getting the 
patient to engage in a secondary task [21, 22]. It can be 
suggested that the secondary task distracts attention 
away from the retrieval of memory. This reduction in 
attention would then impact the mechanisms of retrieval, 
disturbing it and resulting in an incomplete retrieval of 
memory traces. In the case of PTSD, memory traces of 
the traumatic event are characterized by the vividness of 
the emotion. The partial retrieval of these memory traces 
would blur their content, resulting in the reduction of 
vividness or the level of emotion linked to the memory 
traces. This partial retrieval thus leads to the reprocess-
ing of the memory traces. Considering the functioning of 
the cognitive system, the present work specifically exam-
ined WM as one potential mechanism of EMDR action, 
with the hypothesis that this reprocessing takes place in 
WM. Other putative mechanisms of action of EMDR, 
such as mimicking of rapid eye movement (REM) states 
and the orientating response hypothesis[23] as well as 
the integration of the traumatic event into semantic net-
works[24] for instance will not be investigated in this 
article.

WM is the cognitive structure in charge of the short-
term storage of information in view of its processing. Its 
dual function (storage and processing) has been exten-
sively examined since the earlier study by [23]. Recently, 
a consensus emerged in the WM literature that this dual 
function depends on the allocation of attention (see 24 
for review). Although the different WM models diverge 
on how exactly attention is shared between storage and 
processing, ample evidence was gathered to support the 
idea that any distraction of attention by a secondary task 
has a detrimental effect on storage (see 25 for review). 

More significant to the topic of the present study, the 
competition in attention allocation created by the dual 
task impairs memory retrieval; as such, the disturbing 
images would become less emotional and vivid [15, 17, 
26–30]. This could be a potential mechanism of action of 
EMDR treatment for PTSD, and this hypothesis has been 
supported by several studies [17, 27, 31, 32]. However, 
there is still no systematic review examining this hypoth-
esis – the WM hypothesis – as a mechanism supporting 
EMDR treatment.

Therefore, the purpose of this study is to summarize 
the state of research about the role of dual tasking dur-
ing EMDR treatment for PTSD. We propose an interdis-
ciplinary perspective integrating cognitive science and 
clinical psychology to improve our comprehension of the 
mechanisms underlying the effects of EMDR with a focus 
on working memory. Our specific objective is to exam-
ine whether the WM hypothesis – that competition for 
limited WM resources (i.e., attention) induced by the 
dual task attenuates the vividness and emotionality of the 
traumatic memory – would provide an explanation for 
the beneficial effect induced by eye movement or other 
bilateral stimulation during EMDR treatment for PTSD.

Method
Search strategy
The searching and reporting of results followed the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (Prisma) guidelines [33]. A systematic 
search was conducted in PubMed and Web of Science on 
the role of WM in EMDR from 1987 (the starting point 
of Shapiro’s work on EMDR) up to 21 March 2021. The 
search term was ‘EMDR and working memory’. We chose 
keywords with large meanings in order to reach the max-
imum number of results. The screening, with respect 
to PTSD, was done in a second step during the screen-
ing and selection of studies, during which all articles not 
related to PTSD were excluded. The automatic search 
was completed with a manual search from the references 
list of previous systematic reviews, meta-analysis, and the 
retrieved articles. Our search yielded 165 records: 114 in 
Web of Science, 51 in PubMed, and 6 from additional rel-
evant records (see Fig. 1).

Inclusion and exclusion criteria
The inclusion criteria were as follows: (i) studies must 
report empirical evidence published in peer-reviewed 
journals; (ii) they must be written in English; (iii) they 
must focus on the case of PTSD or PTSD-induced condi-
tioning; (iv) they must examine the mechanism of action 
of EMDR; (v) they must focus on dual taxation of the 
working memory; and, finally, (vi) they must focus on eye 
movement and other forms of bilateral stimulation (e.g., 
tactile, sound).
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We excluded: (i) book reviews, presentations, theses, 
literature reviews, meta-analyses, and magazines; (ii) 
papers published in a language other than English; (iii) 
papers that were not on trauma, PTSD, or PTSD-induced 
conditioning.

Screening and eligibility
After removing the duplicates, two reviewers (D. W. and 
V. C.) independently screened the studies at two different 
stages: title/abstract and full text. This was to ensure that 
no potential articles were left out and that the articles 
included in the review fulfilled the inclusion criteria. The 

Fig. 1  PRISMA flowchart of the identification and selection of studies
PTSD: post-traumatic stress disorder
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percentage of consensus between the two reviewers was 
about 80%. Disagreements were resolved by discussion 
and consensus based on inclusion and exclusion criteria.

Data processing, extraction, and synthesis
One author (D. W.) extracted the main information from 
the included studies, and this information was indepen-
dently reviewed and cross-checked for accuracy and 
completion by the other author (V. C.). Finally, we also 
reported the statistical results in terms of test value or 
effect size, as well as the results of the statistical tests 
performed.

Results
Descriptive summary
We identified a total of 171 studies, of which 111 
remained after filtering out duplicates. Titles and 
abstracts were then screened; of these, 94 were excluded 
for the following reasons: was not empirical (e.g., 
reviews, n = 17), was a thesis (n = 2), was not on post-trau-
matic stress disorder (n = 45), was not on EMDR (n = 5), 
did not examine WM (n = 23), was a case study (n = 1), or 
was written in a language other than English (n = 1). We 
read the full text of 17 studies that appeared to meet the 
inclusion criteria to assess them for eligibility. Six papers 
were removed at this stage due to the following reasons: 
was not on trauma or PTSD (n = 2), was not on eye move-
ments (n = 2), was a description of the protocol without 
results (n = 1), and was a meta-analysis (n = 1). A total of 
11 original reports published between 2011 and 2021 
were included in the systematic review. The full details of 
these studies are provided in Table 1.

Characteristics of included studies
All 11 studies used a design comparing different con-
ditions (i.e., with vs. without dual task) and/or groups 
(i.e., control and experimental group). Among the 11 
studies, we identified two different types of designs: 
studies involving participants with current PTSD symp-
toms (N = 5: [31, 34–37] and studies testing healthy par-
ticipants (N = 6) – that is, without a PTSD diagnosis or 
current psychiatric disorder – but who were exposed to 
potential traumatic stimuli by means of trauma films [38] 
or pictures or images [32, 39], or who were called upon to 
remember a traumatic event [40–42]. The results are pre-
sented and organized according these two categories. We 
provide an addition paragraph on the long-term effect of 
the dual task intervention.

Studies with participants having current PTSD symptoms
We found a total of five studies with participants hav-
ing current PTSD symptoms, recruited mostly from 
specialized mental health care centres [31, 34, 36, 37]. 
One study recruited university students suffering from 

intrusive images determined by a therapist to be suit-
able for EMDR processing [35]. Two studies included 
participants having symptoms documented in patients 
with post-traumatic stress disorder, like intrusive images 
about potential future catastrophes – i.e., flashforwards 
[35] and auditory hallucinations [37], while three other 
studies included PTSD patients diagnosed by a trained 
clinician (e.g., clinical psychologist/psychiatrist) and 
based on Diagnostic and Statistical Manual of Mental 
Disorders (DSM) IV-TR criteria [31, 34, 36].

PTSD symptoms were assessed with instruments like 
the Yale-Brown Obsessive Compulsive Scale, with items 
2 and 3 pertaining to the occurrence of intrusions and 
the degree of annoyance with them [35]; the Clinician-
Administered PTSD Scale interview, based on the DSM-
IV [31, 34, 36]; and the Psychotic Symptoms Rating 
Scale–Auditory Hallucinations questionnaires [37].

After the experiment, most studies indicated a better 
desensitization of the traumatic memories or images in 
terms of reduced vividness and emotionality under the 
dual-task conditions compared to the control condi-
tion. For example, 35 showed that dual task (i.e., recall 
with EM) was associated with reduction in the vividness 
and emotionality of intrusive images, compared to recall 
without EM. In the same vein, 31 reported reduced activ-
ity and reduced connectivity in emotional processing in 
brain regions using functional MRI measures. They found 
that right amygdala and rostral anterior cingulate cortex 
(ACC) activity was significantly lower after recall with 
EM than after recall only. Similarly, functional connec-
tivity from amygdala to rostral ACC was decreased after 
recall with EM compared to recall only. 34 performed a 
randomized clinical trial and observed better desensitiza-
tion for the dual-task conditions (i.e., exposure with eyes 
moving while fixating on therapist’s moving or non-mov-
ing hand), with a larger decrease of symptoms and a high 
remission rate of PTSD diagnosis compared to exposure 
alone. Finally, 37 showed that making eye movements or 
counting out loud resulted in a stronger reduction in the 
emotionality of auditory hallucinations compared to the 
control condition.

However, the study by36 showed that the emotionality 
of auditory memories was reduced in the three condi-
tions: making EM (visual taxation), counting down (audi-
tory taxation) or staring at a non-moving dot (control 
condition), with a stronger reduction under the auditory 
and visual taxation conditions than under the control 
condition. Nevertheless, they found no significant differ-
ence between the three conditions, indicating no modal-
ity-specific effect and no support for the efficacy of dual 
taxation.

It is important to note that most studies were based 
on self-reported behavioural tasks as an outcome mea-
sure – in particular, the visual analog scale (VAS) score 
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Authors Objectives Participants PTSD 
diag-
nostic 
tools

Study design Results
Type 
and 
number

Experi-
mental 
group

Con-
trol 
group

Type of 
study

Conditions Measures

(Engelhard, 
van den 
Hout, Dek, 
et al., 2011)

Investigate 
whether 
double task 
could provide 
better
desensitization 
of the
traumatic 
memory

Par-
ticipants 
with 
recurrent 
intru-
sive/ dis-
turbing 
visual 
images 
(N = 37)

1 group 
(N = 37)

No 
control 
group

Yale-
Brown 
Obses-
sive 
Com-
pulsive 
Scale 
and 
SCL-90

Experimen-
tal study 
using com-
puter and 
behavioural 
task/mea-
sure of an 
emotionally 
disturbing 
auditory 
memory

Two 
conditions: 
recall intrusive 
images 
with EM or 
recall without 
making eye 
movements

VAS score 
on vivid-
ness and 
emotionality

Vividness of intrusive images 
was lower after recall with 
eye movement, relative to 
recall only (t(36) = 2.37, p < .05, 
d = 0.37), and there was a 
similar trend for emotionality 
(t(36) = 2.01, p < .05, d = 0.32).

(Thomaes 
et al., 2016)

Examine visual 
and emotional 
processing 
brain regions 
as well as the 
activity of the 
DLPFC during 
the recall of 
the
traumatic 
memory 
recall, with 
EM relative to 
recall-only

Par-
ticipants 
with 
current 
PTSD 
symp-
toms 
(N = 8)

1 group 
(N = 8)

No 
control 
group

Struc-
tured 
clinical 
inter-
view 
and
PSS-SR 
scale

Experi-
mental 
study using 
functional 
magnetic 
resonance 
imaging

Two condi-
tions: recall of 
the traumatic
memories 
with EM and 
recall without 
EM

Neural 
activation 
in brain 
regions in 
response 
to memory 
recall during 
script-driven 
imagery

EM during recall, compared 
to recall only, was associated 
with reducing activity – i.e., less 
activation of right amygdala 
and rostral ACC and connectiv-
ity in emotional processing 
in brain regions (T = 3.499, 
p-uncorrected < 0.005)

(Sack et al., 
2016)

Examine if 
there is better 
desensitization
with exposure 
alone, with a 
double task, or 
with a visual 
fixation task

Par-
ticipants 
with 
current 
PTSD 
(N = 139)

EM 
group 
(N = 47) 
and EF 
group 
(N = 47)

Control 
group 
(EC) 
(N = 45)

CAPS 
inter-
view 
based 
on the 
DSM-IV

Randomized 
clinical trial

Three condi-
tions: eyes 
moving on 
the therapist’s 
moving hand 
(EM), eyes 
fixating on 
the therapist’s 
non-moving 
hand (EF), 
and exposure 
without 
explicit visual 
focus of at-
tention as the 
control condi-
tion (EC)

CAPS scores 
on PTSD 
symptoms 
and
remission 
of PTSD 
diagnosis 
after EMDR 
session

Larger symptom decrease in 
EM and EF than in EC (CAPS: 
EM = 35.8, EF = 40.5, EC = 31.0) 
and significantly larger effect 
sizes (EM: d = 2.06, 95% CI: 
1.55–2.57, EF: d = 2.58, 95% CI: 
2.01–3.11, EC: d = 1.44, 95% CI: 
0.97–1.91);
no difference between EM 
and EF

(Matthijssen 
et al., 2017)

Investigate 
whether audi-
tory memories 
can be 
targeted with 
EMDR in PTSD 
patients

Par-
ticipants 
with 
current 
PTSD 
symp-
toms 
(N = 30)

1 group 
(N = 30)

No 
control 
group

Clinical 
psy-
cholo-
gist/
psychi-
atrist 
screen-
ing 
using 
DSM 
IV-TR 
criteria

Experi-
mental 
study with 
behavioural 
task/mea-
sure of an 
emotionally 
disturbing 
memory

Three 
conditions:
to make EM 
(VT), to count 
down (AT), or 
to stare at a 
non-moving 
dot (CC)

SUD score 
on the emo-
tionality of 
a disturbing 
image and
reaction 
time

Emotionality of auditory 
memory was reduced in the 
three conditions; however, no 
difference was found between 
AT, VT, or the CC [Auditory 
Memory: [F(2,58) = 2.02, p = .14]; 
Visual Memory F(2,60) = 0.25, 
p = .78]

Table 1  Summary of articles included in the systematic review (11 studies)
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Authors Objectives Participants PTSD 
diag-
nostic 
tools

Study design Results
Type 
and 
number

Experi-
mental 
group

Con-
trol 
group

Type of 
study

Conditions Measures

(Matthijssen 
et al., 2019)

Examine 
the extent 
to which 
emotional-
ity of auditory 
hallucination 
memories 
could be re-
duced by dual 
tasking

Par-
ticipants 
with 
current 
PTSD 
symp-
toms 
(N = 36)

1 group 
(N = 36)

No 
control 
group

PSYRA-
TS-AH 
ques-
tion-
naire, 
BAVQ-R 
ques-
tion-
naire, 
SUD 
score

Experi-
mental 
study with 
behavioural 
task/mea-
sure of an 
emotionally 
disturbing 
auditory 
memory

Three 
conditions: 
visual taxation 
though EM 
(VT), auditory 
taxation by 
counting out 
loud (AT), and 
control condi-
tion without 
any additional 
task (CC)

SUD score 
on the emo-
tionality of 
a disturbing 
image

The active conditions – i.e., 
making eye movements or 
counting out loud – showed 
stronger effects in reduc-
ing emotionality of auditory 
hallucinations compare to the 
control condition
[BF1 = 5.8, model 1: AT (pre-
post) = VT (pre-post) > CC 
(pre-post)]

(Matthijssen 
& van Hout, 
2016)

Examine the 
effects of eye 
movements 
on positive 
verbal imagery 
after an
EMDR session

Healthy 
par-
ticipants 
(N = 30)

1 group 
(N = 30)

No 
control 
group

\ Experi-
mental 
study using 
selected 
individual 
negative 
memory

Two condi-
tions: EM and 
eyes station-
ary (ES)

VAS scale on 
the belief in 
personality 
trait
and percep-
tion check-
list scores

No significant differences be-
tween the eye movement and 
the eyes stationary conditions; 
eye movements did not dimin-
ish or enhance the belief of the 
positive relevant personality 
trait (F(1, 35) = 0.071, p = .792)

(Voogd 
& Phelps, 
2020)

Examine 
whether the 
impact of 
a working 
memory task 
on extinction 
learning is 
greater when 
cognitive load 
is increased

Healthy 
par-
ticipants 
exposed 
to PTSD-
induced 
trauma 
(n = 75) 
across 
three 
groups

Low-
load 
group 
(N = 24) 
and 
high-
load 
group 
(N = 27)

Control 
group 
(N = 24)

\ Experi-
mental 
study with 
induced 
PTSD using 
images of 
snakes asso-
ciated with 
peripheral 
stimulation

Three 
conditions: 
low-load con-
dition group, 
high-load 
condition 
group, and 
without 
dual task as 
the control 
condition

Accuracy 
scores on a 
random se-
quence, SCR 
response, 
and reaction 
times

The conditioned response was 
stronger in the control group 
compared to the low-load 
group [F(1, 46) = 4.24, p = .045, 
ηp 2 = 0.08] and the high-load 
group [F(1, 49) = 12.07, p = .001, 
ηp 2 = 0.20]; also, a stronger 
cognitive load had a bigger 
impact on the reduction in the 
conditioned response com-
pared to the control condition 
[t(72) = − 3.619, p < .001]

(Leer & 
Engelhard, 
2020)

Examine 
the effect of 
induced EM on 
memory accu-
racy on a visual 
discrimination 
task

Healthy 
par-
ticipants 
(n = 68)

Group 
for dis-
crimina-
tion test 
day 2 
(N = 34) 
and 
group 
for dis-
crimina-
tion test 
day 1 
and day 
2 (N = 
34)

No 
control 
group

\ Experi-
mental 
study with 
induced 
trauma 
using two 
sets of 
images 
and a 2-ms 
electrocu-
taneous 
stimulus

Two 
conditions: 
recall with 
EM condition 
vs. recall 
without eye 
movements 
condition

Shock 
occurrence 
predic-
tion, shock 
expectancy 
rating score,
number of 
false positive 
responses, 
and
reaction 
time of 
responses

False positive rates in a discrim-
ination task increased in recall 
with eye movement condition 
the day after the conditioning 
phase, compared to the control 
condition (F(1, 66) = 14.58, 
p < .001, ηp2 = 0.181)

Table 1  (continued) 
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on vividness and emotionality of disturbing memories 
or images [34–37]. Such a measure can be prone to bias. 
Only one study, by 31, used functional MRI measures. 
Furthermore, the sample size varied considerably, from 8 
participants to 139 participants, and most studies did not 
include a control group.

Nevertheless, the overall consistency in findings is 
notable, supporting the beneficial effect of dual taxa-
tion. The results point to a reduction in the vividness of 

intrusive images and in their emotionality under dual-
task conditions compared to the control condition. In 
addition, two studies [34, 43] also reported evidence for a 
larger decrease in symptoms and a high remission rate of 
PTSD diagnosis under the dual-task conditions.

Authors Objectives Participants PTSD 
diag-
nostic 
tools

Study design Results
Type 
and 
number

Experi-
mental 
group

Con-
trol 
group

Type of 
study

Conditions Measures

(van Schie 
et al., 2019)

Investigated 
the effects 
of dual tasks 
on intrusive 
memories 
following ana-
logue trauma

Healthy 
par-
ticipants 
(n = 76)

1 group 
(N = 76)

No 
control 
group

\ Experi-
mental 
study with 
induced 
trauma 
using 
word-image 
association 
pairs

Three 
conditions: 
recall + EM 
condition, 
recall + count-
ing condition, 
and no task 
(control 
condition);
two different 
dual tasks to 
quantify WM 
(RIR + EM, 
RIR + count-
ing, or RIR 
only

VAS score 
on vividness 
and emo-
tionality, 
response la-
tency score, 
and choice 
confidence

Cognitive loads of RIR + EM 
and RIR + counting were 
higher than RIR only 
(BFs10 > 2.81 × 1017);
hotspot vividness and un-
pleasantness ratings were not 
affected by the intervention; 
WM taxation was not related to 
decreases in vividness (r = − .19, 
BF01 = 12.60)
or unpleasantness (r = − .04, 
BF01 = 6.90)

(van Veen et 
al., 2020)

Examine if 
recall + EM 
results in larger 
immediate 
and 24-hour 
reductions in 
memory vivid-
ness, negative 
valence, and 
distress than 
recall alone

Healthy 
par-
ticipants 
(n = 45)

Re-
call + EM 
group 
(N = 50) 
and re-
call only 
group 
(N = 50)

No 
control 
group

\ Experi-
mental 
study with 
induced 
trauma 
using nega-
tive auto-
biographical 
memory

Two condi-
tions: recall 
with EM vs. 
recall without 
EM

VAS score 
on vividness, 
negative 
valence, 
and distress 
ratings; SUIS 
score on 
tendency 
and ease of 
forming vi-
sual images 
in daily life; 
ACS score; 
automated 
reading 
span

After four sessions, memory 
was deflated in recall with eye 
movements –vividness − 0.90 
(− 3.10–1.23); negative valence 
0.64 (− 0.76–2.14); distress 0.82 
(− 1.17–2.86); memory was 
inflated in recall alone –vivid-
ness − 2.84*(− 4.95 to − 0.71), 
negative valence − 2.13*(− 3.60 
to − 0.70), distress − 3.59*(− 5.57 
to − 1.58)
After 32 sessions, there was a 
reduction in both recall condi-
tions for all outcome measures

(Rackham 
& Lau-Zhu, 
2021)

Investigate 
whether men-
tal imagery of 
the 9/11 terror-
ist attacks fol-
lowing media 
exposure is 
dampened by 
taxing working 
memory

Healthy 
par-
ticipants 
(n = 45)

1 group 
(N = 45)

No 
control 
group

\ Experimen-
tal study 
with PTSD 
induced 
using a 
person-
ally relevant 
mental 
image of the 
9/11 terrorist 
attacks

Three 
conditions:
recall + EM,
recall + Tetris 
game, and 
recall only

11-point Lik-
ert scale on 
imagery viv-
idness and 
emotionality

Compared to recall only, dual-
task effects (i.e., recall + Tetris 
and recall + EM) reduced ratings 
of vividness and emotionality 
– recall + Tetris, F(1, 28) = 27.90, 
p < .001, h2 p = .50, 90% CI = 
[0.26, 0.64]; recall + EM, F(1, 
28) = 37.44, p < .001, h2 p = .57, 
90% CI = [0.34, 0.69]; this ef-
fect vanished in a follow-up 
(24 h later) test –recall + Tetris, 
t(14) = 4.75, p < .001, d = 1.22, 
and recall + EM, t(14) = 5.82, 
p < .001, d = 1.51)

Table 1  (continued) 
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Studies with healthy participants without PTSD diagnosis 
but who were exposed to potential traumatic stimuli
Out of the 11 included studies, six studies examined 
healthy participants without PTSD symptoms but who 
were exposed to potential traumatic stimuli. Four stud-
ies reported a significant difference between the experi-
mental conditions, supporting the hypothesis that there 
is a reduction in vividness and emotionality under dual-
task conditions compared to the control condition. For 
instance, 32 showed how low- and high-cognitive load 
tasks reduced responses to threat and enhanced extinc-
tion learning compared to the control condition. More-
over, higher cognitive load had a bigger impact on the 
reduction in the conditioned response compared to the 
two other conditions (low load and control). Finally, the 
participants with the lower accuracy rate in the high-load 
task had the stronger reduction in conditioned response. 
39 investigated the effect of induced EM on memory 
accuracy on a visual discrimination task with two con-
ditions of recall (with vs. without EM) in a sample of 68 
undergraduates. Their results showed that false positive 
rates increased in recall with EM the day after the con-
ditioning phase. 40 examined whether recall with EM 
would result in larger reductions in memory vividness, 
negative valence, and distress than recall alone in a sam-
ple of 45 participants. The participants recalled and rated 
negative autobiographical memories in eight successive 
blocks of four sessions (lasting 24 s each). Memory was 
deflated after the first block of four sessions in a recall 
test with EM, but it was inflated under the condition with 
recall alone. Lastly, 42 investigated whether mental imag-
ery of the 9/11 terrorist attacks following media expo-
sure was dampened by taxing WM in 45 young healthy 
adults. They compared three conditions of recall – with 
EM, with a concurrent task (playing Tetris), or with no 
additional task (recall only). Compared to the recall-only 
control condition, dual-task conditions reduced ratings 
of vividness and emotionality.

However, two studies reported that dual-task condi-
tions did not result in greater decreases in hotspot viv-
idness/unpleasantness compared to a control condition. 
For example, 41 tested a non-clinical sample of 30 under-
graduates and examined the effects of EM on positive 
verbal imagery after an EMDR session using two condi-
tions of recall: with 15–20 s of horizontal EM or with 15 s 
of eyes stationary control condition. Their results showed 
no significant differences between the two conditions. 
38 investigated 76 healthy students on the effects of dual 
tasks on intrusive memories after watching a trauma film 
using three conditions: recall with EM, recall with a con-
current task, or recall without any additional task (con-
trol condition). Even after prolonging the duration of 
the intervention (from 6 × 24s in the first experiment to 
16 × 24s in the second experiment) and adding additional 

measures for intrusion characteristics, they found no 
effect for the dual task, because recall with EM or with a 
concurrent task did not lead to greater drops in vividness 
and unpleasantness compared to the absence of a task in 
the control condition. As such, both studies showed pos-
sible methodological limitations related to the use of sub-
jective measures, as well as to issues related to whether 
the intervention should be short or long.

Overall, except for two studies that failed to report a 
significant effect of dual task, the results obtained from 
healthy participants exposed to potential traumatic stim-
uli support a reduction in vividness and emotionality 
during a short period.

Long-term effect of the dual task intervention
Two studies with healthy participants without a PTSD 
diagnosis but who were exposed to potential traumatic 
stimuli also included information on follow-up tests. 40 
showed that after the 4 × 24s intervention, recall under 
EM resulted in memory deflation. Meanwhile, recall 
only (i.e., without EM) caused memory inflation. How-
ever, after the full intervention (32 × 24s), both condi-
tions resulted in immediate and 24-hour reductions on 
all outcome measures. 42 also showed that, compared to 
the recall-only control condition, dual-task conditions 
reduced ratings of vividness and emotionality; however, 
this effect vanished in a follow-up test that took place 
24 h later.

In conclusion, there is a reduction in the ratings of viv-
idness and emotionality after a short intervention, but 
this effect of dual task disappears with time, as evidenced 
by the follow-up tests.

Discussion
The purpose of this systematic review was to examine 
whether the WM taxation model provides an explanation 
for the beneficial effect induced by EM in EMDR treat-
ment. We identified 11 studies that met our inclusion 
criteria and categorized them into two sets: studies with 
participants having current PTSD symptoms and studies 
with healthy participants without a PTSD diagnosis who 
were exposed to potential traumatic stimuli. The most 
remarkable finding of this systematic review is that, over-
all, regardless of the type of studies, the results showed 
a reduction of vividness and emotionality in the recall of 
traumatic stimuli under a dual-task condition compared 
to a control condition such as recall alone (see Fig.  2). 
Our results showed (a) that a secondary eye movement 
task during recall weakens emotional memory retrieval, 
(b) that secondary tasks that do not involve eye move-
ments (e.g., counting, playing Tetris) weaken retrieval 
to a similar degree, and (c) that competing demands on 
working memory are the cause of these effects. However, 
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two studies using a follow-up test showed that this effect 
does not seem to last long, as it disappeared over time.

In line with our hypothesis, we found a reduction in 
vividness and emotionality in the recall of traumatic 
stimuli under dual-task conditions compared to a con-
trol condition. Interestingly, this result is fairly similar 
for participants having current PTSD symptoms and for 
healthy participants who were experimentally exposed 
to traumatic stimuli. Notably, the more complex the 
secondary task during EMDR is, the greater the reduc-
tion in vividness and distress associated with negative 
memories. Most of the studies showed that the variation 
in the difficulty level of the secondary task plays a role in 
the efficient desensitizing of the traumatic memory. For 
example, doing EM, counting, and playing Tetris dur-
ing the recall of a disturbing memory or image showed 
stronger effects than the control condition – i.e., with-
out any secondary tasks. Our results provide support for 
the WM hypothesis as an account for the functioning of 
EMDR. The recall of memory or stimuli competes with 
the secondary task (e.g., EM, counting, or playing Tetris) 
for limited WM capacity. The resource taxation by the 

secondary task would deflate some aspects of the mem-
ory. As a consequence, the memory would be blurred 
during the dual task, and the disturbing images would 
become less emotional and vivid [15, 26, 40].

With regard to trauma symptoms, we also found that, 
in studies with participants having current PTSD symp-
toms, there was a larger decrease in symptoms under 
the dual-task conditions compared to the control condi-
tion. Although no information was reported on whether 
the treatment outcome was stable over time, a random-
ized clinical trial study by 34 showed that remission of 
PTSD diagnosis after EMDR session and larger treatment 
effects were observed with dual taxation. This suggests 
that this diminution of symptoms could be related to the 
decrease in the vividness and emotionality of the trau-
matic stimuli.

Our results also suggest that the effects of dual taxa-
tion disappear with time, as shown by two studies that 
provided follow-up tests. However, it is important to 
take into account that these studies were conducted on 
healthy participants and not on participants with PTSD 

Fig. 2  Graphically summary of the results
Note: Post-traumatic stress disorder (PTSD), eye movements (EM), working memory (WM)
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symptoms. More studies with follow-up tests are defi-
nitely warranted.

Most of the studies used self-reported evaluation scales 
to rate the vividness and emotional intensity of the dis-
turbing memory, which may be prone to bias [44]. The 
most common behavioural outcomes measures used was 
the VAS score on vividness and emotionality, followed by 
the SUD score. However, only one study provides insight 
into the neurobiological mechanisms underlying the 
effects of dual taxation. 31 showed that EM during recall 
was associated with reduced activity in certain brain 
regions, such as less activation of the right amygdala and 
rostral anterior cingulate cortex (ACC), which serve as 
a central hub for cognitive and emotional networks [45, 
46]. This study suggests a neurobiological pathway – i.e., 
the reduced activity of the amygdala and ACC – which 
may help to understand how dual taxation during EMDR 
leads to less vivid and less emotional traumatic stimuli. 
This would fit with previous studies showing a relation-
ship between EM and attention regulation [47, 48]. Nev-
ertheless, because of the small sample size in the EMDR 
studies, replication in a larger and independent sample is 
warranted.

Although these studies provide valuable information 
on the taxation of WM involved in EMDR, they also have 
a number of limitations. First, there are very few studies 
with participants having current PTSD symptoms (n = 5). 
In addition, measures used to examine PTSD were quite 
different and included only partially symptoms related 
to PTSD and / or were not always aimed at diagnosing 
PTSD. This statistically limits the power of the conclu-
sion. Second, most studies did not control for or deter-
mine reaction time, described as an objective index of 
the extent to which different dual attention tasks tax WM 
[49]. Knowing the reaction time could help understand 
the processing of information and appreciate the dura-
tion of mental processes of various conditions, as sug-
gested by [50]. The fact that most studies did not control 
for reaction time does not allow for conclusions about 
the causal nature of cognitive variables. Third, the use of 
truly experimental design is limited in studies of PTSD 
patients. For ethical reasons, it is very difficult to experi-
mentally manipulate how traumatic events are processed. 
Fourth, in most cases, the assessment of vividness and 
emotion was conducted using self-reports of behavioural 
measures, which may be prone to bias and self-represen-
tation strategies. Fifth, only two studies provided a fol-
low-up test, thus making it difficult to draw conclusions 
on the efficiency of dual taxation over time.

Clinical implications
From a clinical perspective, the conclusion of this sys-
tematic review may help advance the understanding of 
mechanisms involved in EMDR. Our results provide 

evidence for the WM hypothesis that EMDR efficacy is 
related to the distraction of attention during the retrieval 
of memory traces in WM. Recalling a traumatic memory 
while performing a secondary task would shift the indi-
vidual’s attention away from the retrieval process and 
result in a reduction in vividness and emotionality, which 
is also associated with the reduction of symptoms. Thus, 
any task requiring attentional resources, whether visual 
or auditory, could allow for the desensitization of a trau-
matic memory, as well as its reprocessing in memory with 
a less intense and less vivid emotion. However, one must 
be very careful about the level of difficulty of the distrac-
tive task used. Caution should also be taken regarding the 
duration of these changes, since two studies showed that 
these effects disappeared over time.

Conclusion
Although EMDR has been shown to be effective in the 
treatment of PTSD for years, it remains controversial due 
to the lack of understanding of its mechanisms of action. 
We propose an interdisciplinary perspective integrating 
cognitive science and clinical psychology to improve our 
comprehension of the mechanisms underlying the effects 
of EMDR with a focus on working memory. We examined 
whether the WM hypothesis provides an explanation for 
the beneficial effect induced by bilateral stimulation dur-
ing EMDR therapy for PTSD. A notable finding of this 
review is that most studies indicated a reduction in the 
evaluation of the vividness and emotionality of the trau-
matic stimuli after EMDR in the healthy sample as well as 
in the PTSD sample. Overall, the studies examined pro-
vide support for the WM hypothesis. Our research paves 
the way for future studies to investigate this mechanism 
in a large sample and in a clinical setting using follow-up 
tests.
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