
Contents lists available at ScienceDirect

Behaviour Research and Therapy

journal homepage: www.elsevier.com/locate/brat

Increases of correct memories and spontaneous false memories due to eye
movements when memories are retrieved after a time delay
Sanne T.L. Houbena,b,∗, Henry Otgaara,b, Jeffrey Roelofsa, Tom Smeetsc, Harald Merckelbacha
a Clinical Psychological Science, Maastricht University, the Netherlands
b Leuven Institute of Criminology, Catholic University of Leuven, Belgium
c CoRPS – Center of Research on Psychological and Somatic Disorders, Department of Medical and Clinical Psychology, Tilburg University, the Netherlands

A R T I C L E I N F O

Keywords:
Eye movements
EMDR
False memory
DRM
Therapy

A B S T R A C T

Eye Movement Desensitization and Reprocessing (EMDR) is an effective treatment for post-traumatic stress
disorder. However, literature on possible adverse memory effects of EMDR is scarce. Using the Deese/Roediger-
McDermott (DRM) false memory paradigm, we examined the susceptibility to spontaneous false memories after
performing eye movements, as used in EMDR. In Experiment 1, 72 undergraduates received word lists con-
taining negative and neutral associated words and immediately after this they were given a free recall and
recognition test. In Experiment 2, 68 undergraduates underwent the free recall and recognition test 48 h later.
During the free recall phase in both experiments, participants either performed eye movements or not (control
condition). In Experiment 1, the two conditions did not differ statistically with regard to correct and false recall/
recognition. In Experiment 2, correct memory rates were higher in the eye movement than in the control
condition and this was accompanied by an increase in spontaneous false memories on both free recall and
recognition. Although our experimental approach is far removed from clinical practice, our findings suggest that
eye movements as used in EMDR might amplify both correct and false memory rates.

Eye Movement Desensitization and Reprocessing (EMDR; Shapiro,
1989) is a widely used treatment for trauma-related disorders (de Jongh
& ten Broeke, 2016). During EMDR, patients retrieve traumatic mem-
ories and are instructed to concentrate on the core cognitions they have
about themselves as well as on the emotions, thoughts, and bodily
sensations that emerge (Shapiro & Maxfield, 2002). Simultaneously, the
therapist induces eye movements by moving the index finger horizon-
tally in front of the patient's visual field or by using an electronic device
such as the EMDR kit (see https://www.emdrkit.com). Typically, eye
movements lead to a reduction in self-reported vividness and emo-
tionality of the traumatic memory (e.g., van den Hout & Engelhard,
2012).

Laboratory studies generally support the beneficial effects (i.e., re-
ductions in vividness and emotionality) of eye movements. In these
studies, healthy participants are asked to retrieve a negative auto-
biographical memory and rate its vividness and emotionality on a visual
analogue scale (VAS). Following this, participants perform horizontal
eye movements (i.e., tracking a moving dot on a computer screen) for
several episodes of 24 s or not (i.e., control condition; van den Hout &
Engelhard, 2012), and rate the vividness and emotionality of their
memory on a VAS once more. In general, eye movements decrease

participants’ memory vividness and emotionality (Lee & Cuijpers,
2013).

According to the working memory account, the therapeutic power
of eye movements is due to their interference with working memory
(Gunter & Bodner, 2008; van den Hout & Engelhard, 2012). This ac-
count stipulates that performing eye movements and retrieving an au-
tobiographical memory both require working memory capacity. As
working memory capacity is limited (Baddeley, 1998), less capacity is
available for memory retrieval when it is accompanied by eye move-
ments. This trade-off between memory and eye movements will man-
ifest itself in reduced vividness and emotionality of the traumatic
memory, a phenomenon called imagination deflation (van den Hout &
Engelhard, 2012).

1. Eye movements and false memory production

Using a fear condition procedure, Leer et al. (2017; Experiment 2)
showed that eye movements, as used in EMDR, decrease memory ac-
curacy. Research on adverse therapy effects has great practical re-
levance (e.g., Moritz et al., 2015) and with this in mind, researchers
became interested in whether EMDR, specifically eye movements,
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might increase individual's susceptibility to false memories (i.e.,
memories of non-experienced details or events; Loftus, 2004). One
distinct possibility is that eye movements, through its taxing of working
memory, make participants more susceptible to incorporate mis-
information into their memory report. Houben, Otgaar, Roelofs, and
Merckelbach (2018) found suggestive evidence for such an effect. In
their experiment, participants saw a car crash video, then performed
eye movements or not, and finally were exposed to misinformation
about the video. Eye movements increased endorsement of mis-
information. However, it remains to be seen whether the false memory
creating potential of eye movements is a robust phenomenon. Im-
portantly, two recent direct replications (Calvillo & Emami, 2019; van
Schie & Leer, 2019) failed to reproduce the phenomenon. Clearly, these
contradictory findings require follow-up research. In this previous work
on false memory and eye movements, researchers attempted to elicit
false memories by providing participants with misinformation. So far,
few studies examined whether eye movements might amplify false
memories that arise spontaneously (i.e., without any external pressure).
van Schie & Leer, 2019 also noted this omission and recommended to
use methods that rely on automatic memory dynamics, rather than
external pressure.

One of the most popular and reliable methods to elicit spontaneous
false memories is the Deese-Roediger-McDermott (DRM; Deese, 1959;
Roediger & McDermott, 1995) paradigm. In this paradigm, partici-
pants receive wordlists containing associated words (e.g., bed, tired,
dream, etc.) that are all linked to a non-presented word, termed the
critical lure (i.e., sleep). Free recall and recognition tests have de-
monstrated that many participants falsely remember the critical lure
(e.g., Gallo, 2010).

Knott and Dewhurst (2007b; Experiment 2) had participants study
DRM wordlists under full attention and carried out a recognition test in
full or divided attention (i.e., generate number during recognition).
Divided attention at retrieval led to lower correct recognition rates,
and, more interestingly, increased false recognition rates. Shah and
Knott (2018) replicated this and found that divided attention at re-
trieval (i.e., generating numbers during retrieval) led to higher rates of
both negative and neutral false memories. The authors also measured
metacognitive remember/know responses to examine whether false
reports were accompanied by vivid, conscious recollections (i.e., re-
member response) and/or a strong sense of familiarity (i.e., know re-
sponse). It appeared that divided attention increased recollection but
not familiarity aspect of both negative and neutral false memories
(Shah & Knott, 2018).

So far, only few authors employed the DRM paradigm to system-
atically examine the link between eye movements and spontaneous
false recognition. In the studies of Parker and Dagnall (2007; 2012),
participants heard the associated words and were randomly assigned to
either a horizontal, vertical, or no eye movement condition. Partici-
pants’ memory was tested with a recognition task. Horizontal eye
movements resulted in higher hit rates and reduced false recognition
rates (i.e., false memories) compared with vertical eye movements and
no eye movements condition (see also Christman, Propper, & Dion,
2004; Nieuwenhuis et al., 2013).

However, previous work on eye movements and false memories
elicited by a DRM paradigm suffers from two important limitations.
First, during real life EMDR sessions, patients retrieve their memory
while simultaneously performing eye movements. However, in the la-
boratory studies of Parker and Dagnall (2007; 2012), eye movements
were carried out after they received the associated words. A second
limitation is that their studies involved neutral (false) memory material,
whereas EMDR is typically applied to traumatic memories.

2. The current study

The aim of the current study was to examine whether eye move-
ments, as used in EMDR, may amplify spontaneous false memory

susceptibility. In contrast to previous studies (e.g., Parker & Dagnall,
2007), participants had to perform eye movements during the retrieval
of memories. Furthermore, participants were presented with neutral
and emotionally negative DRM lists.

The reason for using emotionally negative and neutral word lists
was twofold. First, as said before, EMDR is usually applied to emo-
tionally negative memories. Second, research on the effects of valence
on false memory formation has consistently shown that negative va-
lence affects false memory rates (for an overview see Bookbinder &
Brainerd, 2016). Specifically, during free recall, false memory rates
are higher for neutral than for negative stimuli, whereas the reverse
occurs during recognition. We anticipated to find a similar pattern of
findings.

Based on previous findings on divided attention and false memory
generation (Shah & Knott, 2018), we expected that participants in the
eye movement condition would be more susceptible to false memory
creations as compared to control participants (on free recall and re-
cognition test). Our reasoning was that eye movements would en-
gender divided attention, leading participants to focus on the gist
rather than the details of the retrieved memories. Such enhancement
of gist memory would make participants more prone to false memory
production (Brainerd & Reyna, 2002). In the current study, we also
measured remember/know responses. We predicted that eye move-
ments would lead to fewer remember and know responses for correct
memories than when no eye movements were performed (Knott &
Dewhurst, 2007a). For critical lures, we expected to find that eye
movements would lead to more remember responses than know re-
sponses.

In clinical practice, there is often a considerable time interval be-
tween encoding of the traumatic event and receiving treatment, such as
EMDR. To approach this situation more closely (i.e., encoding an event
and retrieving the corresponding memory days later), free recall and
recognition test were administered in Experiment 2 after a delay of
48 h. We expected higher false memory levels in Experiment 2 than in
Experiment 1. Our expectation is derived from Fuzzy Trace Theory
(FTT; Brainerd & Reyna, 2002), which stipulates that it will become
more difficult to retrieve verbatim traces when time passes and in-
dividuals have to rely on gist traces. The increased reliance on gist
traces will likely stimulate false memory production.

3. Experiment 1

3.1. Method

3.1.1. Participants
The experiments were preregistered at the Open Science Framework

(see https://osf.io/gx7te/registrations/). The preregistration included a
2 (Condition: Eye Movement vs. Control) × 2 (Valence: Neutral vs.
Negative) × 2 (Time: Immediate vs. Delayed) mixed design and power
analysis. Based on previous research (Parker & Dagnall, 2012; study on
eye movements and false memories with an effect size of
ŋ2partial = 0.04), an a priori power analysis using G*Power (Faul,
Erdfelder, Lang, & Buchner, 2007), with a medium effect size (f= 0.25;
Howe, Wimmer, Gagnon, & Plumpton, 2009) and a power of 0.80,
showed that a total sample size of 136 participants was needed. As
participants were not randomly assigned for the variable Time (see
below), two separate experiments are reported (Experiment 1 n = 72,
Experiment 2 n = 68).

The sample of Experiment 1 consisted of 16 psychology and 56
medicine undergraduate students of Maastricht University (N = 72,
Mage = 21.07, SD = 2.27, range 18–30, 66 women; n = 36 per
condition). Participants were asked whether they had prior knowl-
edge of what EMDR entails. Five participants of the experimental
condition indicated to have knowledge of EMDR, but these partici-
pants were not excluded as previous research showed that prior
knowledge does not affect any memory effects of EMDR (Littel, van
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Schie, & van den Hout, 2017).1 All participants provided written
consent and received course credits or a financial reimbursement of
€7,50 for their participation. All participants were native Dutch
speakers. The experiment was approved by the standing ethical
committee of the Faculty of Psychology and Neuroscience.

3.1.2. Materials
All data and materials are available at the Open Science Framework

at https://osf.io/gx7te/.
Deese/Roediger-McDermott (DRM) Paradigm. Five neutral DRM

lists (critical lures: bread, window, sweet, smoke, foot) and five negative
DRM lists (critical lures: murder, pain, punishment, death, cry) were used
as stimulus material. These Dutch DRM wordlists (https://osf.io/n2fve/
) are known to reliably induce false memories (see e.g., Otgaar, Peters,
& Howe, 2012). Each DRM list included ten associated words. The order
of word lists presentation was counterbalanced (i.e., neutral DRM lists –
negative DRM lists; negative DRM lists – neutral DRM lists). Mean word
frequency of neutral and negative critical lures did not differ statisti-
cally (t(8) = 0.22, ns).

Eye Movement Task. To simulate the eye movement component of
EMDR in a standardized way, an EMDR kit version 2.0 was used (see
https://www.emdrkit.com/). This kit is also employed for therapeutic
purposes. A white dot was presented on a bar (length light bar 70 cm)
and moved from left to right with one movement per second (speed:
12/15; one movement per second), during four episodes of 24 s with a
10 s interval. The duration was in line with previous research (van den
Hout & Engelhard, 2012) and largely converges to general procedures
in EMDR therapy. All participants sat at a 30 cm distance from the
EMDR kit. The researcher checked whether participants complied with
the eye movement instructions by monitoring the participants’ eye
movements. Control participants viewed a blank screen on a computer.

Free Recall. During the four episodes of performing eye movements
(or not), participants were asked to freely recall the words they could
remember at this point in time (see for details below). The free recall
was audiotaped. Free recall was scored in a liberal manner. That is, if
the presented word was “shoes” and the participant recalled the word
“shoe” this was scored as a correct response (i.e., from plural to singular
or vice versa). If we would have scored in a conservative manner (i.e.,
exact reproduction), the word “shoe” would have been treated as an
incorrect response. Repetition of the same word was not included in
total words recalled.

Recognition Test. The recognition test (https://osf.io/5desv/) for
the DRM lists contained of 78 words including 40 correct items (e.g.,
flour, blood), ten critical lures (e.g., bread, murder), ten non-presented
related items (e.g., syrup, shooting), and 18 non-presented unrelated
items (e.g., bus, friend). The recognition test was administered orally.
Additionally, whenever participants indicated to recognize a word, they
were asked to make a remember/know response. It was explained to
participants that the remember option referred to vivid, clear re-
collections and the know option to memories accompanied by a strong
sense of familiarity (Tulving, 1985).

Dissociative Experiences Scale. The Dissociative Experiences
Scale (DES; Bernstein & Putnam, 1986; https://osf.io/h3xs6/) was in-
cluded for explorative analyses. It measures self-reported dissociative
tendencies in, for example, memory (e.g., not remembering whether
you have actually done something, or only thought about it). The DES
contains 28 items that ask participants to rate the frequency of these
experiences. In the current experiment, participants used a 100-mm
scale to indicate the percentage of time they experienced such dis-
sociative phenomena (0 = not at all; 100 = very much). Higher DES
scores indicate a higher frequency of self-reported dissociative experi-
ences. The internal consistency of the DES in the current study was

good (Cronbach's α = 0.90). Results of the DES can be found on the
OSF (https://osf.io/5x6qt/).

3.1.3. Design and procedure
The experiment relied on a 2 (Condition: Eye movements vs.

Control) × 2 (Valence: Negative vs. Neutral) split-plot design.
Condition was a between-subjects factor and Valence a within-subjects
factor. The dependent variables were (a) correct recall and hit rates
(i.e., correct responses during free recall and recognition, respectively),
(b) false recall and false recognition (i.e., acceptance of critical lures
during free recall and recognition, respectively), and (c) extra intru-
sions on free recall and recognition (i.e., reporting/acceptance of un-
presented words). Additionally, we examined endorsement of re-
member and know responses.

Participants were randomly assigned to either the eye movement
(n= 36) or the control condition (n= 36) and were tested individually
in a quiet laboratory room. They were informed that they were about to
take part in a word recognition study. After obtaining written informed
consent, participants completed the DES. Then, they were instructed to
pay close attention to the words presented on the computer screen.
Participants were presented with five negative DRM lists and five
neutral DRM lists, presented in a blocked order. Half of the participants
first viewed the negative word lists, followed by the neutral word lists.
The other half of the participants received the reversed order. The
words appeared in the middle of the screen for 2 s (Knott & Dewhurst,
2007a; Nieuwenhuis et al., 2013) followed by a blank screen for 2 s.
After each list, a ‘+’ sign was shown. After viewing the DRM word lists,
participants performed a filler task (playing the game Bejeweled) for
5 min. This served as a distraction task and to ensure a delay between
the stimuli and follow-up tasks. After 5 min, the participants were told
to stop and the free recall test began.

All participants received the instruction to recall words they could
remember at this point in time, for four episodes of 24 s with a 10 s
break between episodes. The experimenter stressed that it did not
matter whether they recalled the words in a different order or repeated
the same words. Participants were instructed to focus on their emo-
tions, feelings, bodily sensations, and thoughts when recalling the
words, similar to the EMDR protocol (de Jongh & ten Broeke, 2016).
Participants in the eye movement condition were additionally in-
structed to follow the dot with their eyes as it moved from left to right
on the EMDR kit and were asked to keep their head still. The distance to
the EMDR kit was 30 cm. Compliance with these instructions was
monitored by the experimenter. Participants in the control condition
viewed a blank screen. Following the free recall phase, all participants
completed a filler task for 5 min (playing Bejeweled). After this, they
had to complete the recognition test. The experimenter recited words
and participants were instructed to answer ‘yes’ if they recalled the
word, or ‘no’ if they did not recall the word. If a ‘yes’ response was
made, participants were asked to provide a remember or know re-
sponse. Participants were debriefed after all participants were tested.

4. Results

Mean proportions of recall and recognition rates are shown in
Table 1. The various memory parameters were subjected to 2 (Condi-
tion: Eye Movements vs. Control) × 2 (Valence: Negative vs. Neutral)
repeated measures ANOVAs. Most effects, including the critical main
effects of condition and interaction effects of condition with valence,
did not reach statistically significant levels and had low Bayes Factors
(BF; i.e., < 1.00; BF expresses the likelihood of the data under H1 re-
lative to H0; JASP Team, 2019). Therefore, we do not elaborate on the
main and interaction effects of all ANOVAs here. Instead, we refer to
Table 2 for a summary of the data.

There were a few exceptions to this overall pattern. For false recall
(i.e., critical lures), a 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) repeated measures ANOVA revealed a

1 Excluding participants who had knowledge about EMDR did not influence
the results. Therefore, we included these participants in the final dataset.

S.T.L. Houben, et al. Behaviour Research and Therapy 125 (2020) 103546

3

https://osf.io/gx7te/
https://osf.io/n2fve/
https://www.emdrkit.com/
https://osf.io/5desv/
https://osf.io/h3xs6/
https://osf.io/5x6qt/


statistically significant main effect of valence. Overall, participants
falsely recalled more neutral lures (M=0.31, SD=0.14) than negative
lures (M= 0.28, SD= 0.13; F(1,70) = 5.11, p= .027, ŋ2partial = .068,
BF10 = 2.24). A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) repeated measures ANOVA performed
on the know responses related to hits yielded a statistically significant
main effect of valence. Participants provided more know responses for
negative hits (M = 0.16, SD = 0.12) than for neutral hits (M = 0.10,
SD = 0.10; F(1,70) = 21.91, p < .001, ŋ2partial = .238,
BF10 = 1752.86). A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) repeated measures ANOVA performed
on the know responses related to false recognition yielded a statistically
significant main effect of valence. That is, participants provided more
know responses for negative critical lures (M= 0.27, SD = 0.23) than
for neutral critical lures (M = 0.19, SD = 0.19; F(1,70) = 5.66,

p = .020, ŋ2partial = .075, BF10 = 2.60).

5. Discussion

In Experiment 1, eye movements did not increase the susceptibility
to spontaneous false memory formation. In line with previous studies,
participants falsely recalled more neutral lures than negative lures
(Pesta, Murphy, & Sanders, 2001). We also found that know responses
more often accompanied hits and false recognition of negative material
than hits and false recognition of neutral material.

To approach the therapeutic situation more closely (i.e., encoding
an event and retrieving the corresponding memory days later), we
conducted Experiment 2 that deviated from Experiment 1 in that here
we used a longer time window (i.e., 48 h) between memory encoding
and eye movement manipulations.

6. Experiment 2

6.1. Participants

The preregistration included a 2 (Condition: Eye Movement vs.
Control) × 2 (Valence: Neutral vs. Negative) × 2 (Time: Immediate vs.
Delayed) mixed design and power analysis. Based on previous research
(Parker & Dagnall, 2012; study on eye movements and false memories
with an effect size of ŋ2partial = 0.04), an a priori power analysis using
G*Power (Faul et al., 2007), with a medium effect size (f= 0.25; Howe
et al., 2009) and a power of 0.80, showed that a total sample size of 136
participants was needed. As said before, participants were not ran-
domly assigned for the variable Time, and so two separate experiments
are reported (Experiment 1 n = 72, Experiment 2 n = 68). In the Ex-
periment 2, the sample included 21 psychology and 47 medicine un-
dergraduate students of Maastricht University (N = 68, Mage = 20.51,

Table 1
Mean proportions and standard deviations per condition for recall and re-
cognition of Experiment 1.

EM condition (n = 36) Control condition (n = 36)

Recall
True recall Negative 0.26 (.12) 0.31 (.14)

Neutral 0.29 (.14) 0.33 (.15)
False recall Negative 0.21 (.18) 0.26 (.24)

Neutral 0.29 (.21) 0.33 (.23)

Recognition
Hit rate Negative 0.78 (.14) 0.86 (.11)

Neutral 0.79 (.13) 0.80 (.14)
Critical lures Negative 0.74 (.24) 0.72 (.28)

Neutral 0.73 (.23) 0.65 (.25)

Note. EM = Eye movement.

Table 2
Results Statistical Analyses of Experiment 1.

F p Partial eta2 BF10

Free Recall
True recall Main effect condition 3.42 0.069 0.047 0.74

Main effect valence 1.62 0.207 0.023 0.41
Interaction effect condition × valence 0.08 0.781 0.001 0.08

False recall Main effect condition 1.20 0.278 0.017 0.34
Main effect valence 5.11 0.027 0.068 2.24
Interaction effect condition × valence 0.06 0.802 0.001 0.09

Recognition
Hit rates Main effect condition 2.98 0.089 0.041 0.81

Main effect valence 1.83 0.180 0.025 0.42
Interaction effect condition × valence 3.26 0.075 0.044 0.34

False recognition Main effect condition 0.96 0.331 0.014 0.41
Main effect valence 1.68 0.199 0.023 0.38
Interaction effect condition × valence 1.24 0.270 0.017 0.07

R response for hits Main effect condition 2.42 0.125 0.033 0.65
Main effect valence 2.47 0.121 0.034 0.59
Interaction effect condition × valence 0.87 0.354 0.012 0.12

R response for CL Main effect condition 0.06 0.810 0.000 0.27
Main effect valence 0.15 0.700 0.002 0.19
Interaction effect condition × valence 0.29 0.589 0.004 0.01

K response for hits Main effect condition 0.18 0.671 0.003 0.26
Main effect valence 21.91 < .001 0.238 1752.86
Interaction effect condition × valence 0.20 0.659 0.003 0.08

K response for CL Main effect condition 1.65 0.203 0.23 0.44
Main effect valence 5.66 0.020 0.75 2.60
Interaction effect condition × valence 0.30 0.585 0.004 0.13

Intrusions t p 95% CI
Free recall 1.79 0.077 [-.07, 1.41] 0.96
Recognition Related 0.82 0.418 [-.36, .86] 0.32

Unrelated −0.68 0.496 [-.07, .03] 0.28

Notes. R= remember response; K = know response; CL = critical lure; CI = confidence interval; BF10 = Bayes Factor that expresses the likelihood of the data under
H1 relative to H0.
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SD = 2.00, range 18–26, 59 women; n = 34 per condition). Five
participants indicated to have knowledge about EMDR, but they were
not excluded.2

All participants provided written consent and received course
credits or a financial reimbursement of €7,50 for their participation. All
participants were native Dutch speakers. Participants in Experiment 2
did not participate in Experiment 1. The experiment was approved by
the standing ethical committee for the Faculty of Psychology and
Neuroscience.

6.2. Materials

Materials were the same as in Experiment 1 and the data and ma-
terials can be found at the Open Science Framework https://osf.io/
gx7te/.

6.3. Design and procedure

The design and procedure of Experiment 2 were similar to
Experiment 1, except for the following changes. The procedure involved
two sessions with a 48 h interval in between. During session one, par-
ticipants completed the DES and viewed the DRM word lists. During
session 2 (48 h later), participants were randomly assigned to either the
eye movement (n = 34) or control condition (n = 34) and completed
the free recall and recognition test and received the same instructions as
in Experiment 1. Participants were debriefed after all participants were
tested.

7. Results

Mean proportions of recall and recognition rates are shown in
Table 3. The results are summarized in Table 4.

7.1. Free Recall

True Recall. A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) repeated measures ANOVA was per-
formed on correct recall. A statistically significant interaction effect
emerged, F(1,66) = 6.80, p = .011, ŋ2partial = .093, BF10 = 5.06.
Simple effect analysis revealed that participants in the eye movement
condition recalled more neutral items (M = 0.23, SD = 0.17) than
control participants (M= 0.12, SD= 0.13), F(1,66) = 9.80, p= .003,
ŋ2partial = .129). No statistical difference was found for negative items (F
(1,66) = 0.14, p = .71, ŋ2partial = .002).

False Recall. A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) repeated measures ANOVA yielded a
non-significant interaction, F(1,66) = 0.58, p = .45, ŋ2partial = .009. A
statistically significant main effect of condition emerged, F
(1,66) = 4.43, p = .039, ŋ2partial = .063, BF10 = 1.19. That is, parti-
cipants in the eye movement condition (M = 0.27, SD = 0.17) falsely
recalled more critical lures than control participants (M = 0.19,
SD = 0.14). No main effect of valence was found, F(1,66) = 0.06,
p = .80, ŋ2partial = .001.

Intrusions. An independent samples t-test on the number of intru-
sions yielded no statistical difference between the groups (t(66) = 0.48,
p = .63, 95% CI [-1.12, 1.83]).

7.2. Recognition

Hit Rates. A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) repeated measures ANOVA yielded

neither a statistically significant interaction effect, F(1,66) = 0.08,
p= .78, ŋ2partial = .001, nor a main effect for condition, F(1,66) = 2.33,
p = .13, ŋ2partial = .034. A main effect of valence emerged, F
(1,66) = 9.61, p= .003, ŋ2partial = .127, BF10 = 14.48, such that more
negative words (M= 0.70, SD= 0.16) than neutral words (M= 0.62,
SD = 0.20) were recognized.

False Recognition. A 2 (Condition: Eye Movements vs.
Control) × 2 (Valence: Negative vs. Neutral) repeated measures
ANOVA found no statistically significant interaction effect, F
(1,66) = 1.20, p= .28, ŋ2partial = .018. The main effect of condition was
statistically significant, F(1,66) = 6.88, p = .011, ŋ2partial = .094,
BF10 = 3.84. More specifically, participants in the eye movement
condition falsely recognized more critical lures (M= 0.77, SD= 0.21)
than control participants (M = 0.64, SD = 0.22). A main effect of
valence was also found, F(1,66) = 11.84, p = .001, ŋ2partial = .152,
BF10 = 31.42, in that more negative (M = 0.77, SD = 0.25) than
neutral critical lures were recognized (M = 0.64, SD = 0.29).

Intrusions. An independent samples t-test was performed on false
alarms for related and unrelated non-presented items. Participants in
the eye movement condition (M = 0.24, SD = 0.12) reported statisti-
cally significant more related words than control participants
(M = 0.18, SD = 0.12; t(66) = −2.10, p = .040, 95% CI [-1.21,
−0.30], Cohen's d = 0.50, BF10 = 1.58). Also, participants in the eye
movement condition (M = 0.23, SD = 0.13) recognized more un-
related words than control participants (M = 0.13, SD = 0.09; t
(66) = −3.68, p < .001, 95% CI [-2.81, −0.83], Cohen's d = 0.89,
BF10 = 58.14).

7.3. Remember/know

Hit Rates. A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) repeated measures ANOVA on en-
dorsement of remember options yielded a statistically significant in-
teraction effect, F(1,66) = 6.20, p= .015, ŋ2partial = .086, BF10 = 3.33.
Simple effect analyses revealed a simple main effect of condition, but
only for neutral hits. That is, participants in the eye movement condi-
tion (M = 0.49, SD = 0.25) provided more remember responses than
control participants (M = 0.37, SD = 0.18) for neutral hits, F
(1,66) = 4.84, p = .031, ŋ2partial = .068, but not for negative hits (F
(1,66) = 1.07, p = .30, ŋ2partial = .016).

As for endorsement of know options, a 2 (Condition: Eye
Movements vs. Control) × 2 (Valence: Negative vs. Neutral) repeated
measures ANOVA yielded a statistically significant interaction effect, F
(1,66) = 11.32, p = .001, ŋ2partial = .146, BF10 = 17.02. Simple effect
analyses revealed a simple main effect of condition, but only for ne-
gative hits. That is, participants in the eye movement condition pro-
vided a know response to negative hits (M = 0.27, SD = 0.12) more
often than control participants (M= 0.20, SD= 0.12; F(1.66) = 5.94,
p = .018, ŋ2partial = .083).

Table 3
Mean proportions and standard deviations per condition for recall and re-
cognition of Experiment 2.

EM condition (n = 34) Control condition (n = 34)

Recall
True recall Negative 0.15 (.12) 0.14 (.10)

Neutral 0.23 (.17) 0.12 (.13)
False recall Negative 0.25 (.22) 0.20 (.17)

Neutral 0.29 (.21) 0.18 (.24)

Recognition
Hit rate Negative 0.73 (.11) 0.68 (.20)

Neutral 0.65 (.21) 0.59 (.19)
Critical lures Negative 0.82 (.20) 0.72 (.28)

Neutral 0.73 (.29) 0.55 (.27)

Note. EM = Eye movement.

2 As was the case in Experiment 1, excluding participants who had knowledge
about EMDR did not influence the results and therefore they were included in
the final dataset.

S.T.L. Houben, et al. Behaviour Research and Therapy 125 (2020) 103546

5

https://osf.io/gx7te/
https://osf.io/gx7te/


False Recognition. A 2 (Condition: Eye Movements vs.
Control) × 2 (Valence: Negative vs. Neutral) repeated measures
ANOVA was performed for remember responses related to false re-
cognition. No significant interaction effect was found, F(1,66) = 0.00,
p= 1.00, ŋ2partial = .000. However, a statistically significant main effect
of condition was observed, F(1,66) = 27.03, p < .001, ŋ2partial = .291,
BF10 = 6864.16. Participants in the eye movement condition provided
more remember responses (M = 0.54, SD = 0.24) than control parti-
cipants (M = 0.27, SD = 0.17). No main effect of valence emerged, F
(1,66) = 1.00, p = .32, ŋ2partial = .015.

A 2 (Condition: Eye Movements vs. Control) × 2 (Valence: Negative
vs. Neutral) repeated measures ANOVA performed on the know re-
sponses related to false recognition yielded no significant interaction
effect between valence and condition, F(1,66) = 0.90, p = .35,
ŋ2partial = .013. A statistically significant main effect of condition was
found, F(1,66) = 11.23, p= .001, ŋ2partial = .145, BF10 = 11.84. More
specifically, control participants provided more know responses to
critical lures (M = 0.37, SD = 0.18) than participants in the eye
movement condition (M= 0.24, SD = 0.16). A statistically significant
main effect of valence was also found, F(1,66) = 6.18, p = .015,
ŋ2partial = .086, BF10 = 3.84. More know responses for negative critical
lures (M = 0.77, SD = 0.25) than for neutral critical lures were ob-
served (M = 0.64, SD = 0.29).

An independent samples t-test was performed on the remember
responses for related and unrelated words. For related words, partici-
pants in the eye movement condition (M = 0.09, SD = 0.07) more
often provided a remember response to related words than control
participants (M= 0.03, SD= 0.06; t(66) =−3.67, p < .001, CI [-.91,
−0.27], Cohen's d= 0.92, BF10 = 56.06). The same pattern was found
for unrelated words. Participants in the eye movement condition
(M = 0.06, SD = 0.06) provided a remember response to unrelated
words more often than control participants (M = 0.03, SD = 0.04; t

(66) = −2.30, p = .024, CI [-.99, .07], Cohen's d = 0.59,
BF10 = 2.27).

An independent samples t-test performed on know responses for
related words found no statistical difference between conditions (t
(66) = −0.23, p = .820). For unrelated words, a statistically sig-
nificant difference emerged. Participants in the eye movement condi-
tion (M=0.17, SD= 0.10) provided a remember response to unrelated
words more often than control participants (M = 0.10, SD = 0.09; t
(66) = −3.00, p = .004, CI [-2.11, −0.42], Cohen's d = 0.73,
BF10 = 10.02).

7.4. Exploratory Analyses

Because participants in the eye movement condition frequently
generated both more correct and false memories (i.e., critical lures)
than did controls, we wondered whether their heightened false memory
levels were an artefact of a positive response bias (Snodgrass & Corwin,
1988). These analyses can be found on https://osf.io/89fyu/.

8. Comparison between experiments

In our preregistration, we were interested in the effect of time on
spontaneous false memory formation. As said earlier, the preregistra-
tion included a 2 (Condition: Eye Movement vs. Control) × 2 (Valence:
Neutral vs. Negative) × 2 (Time: Immediate Exp. 1 vs. Delayed Exp. 2)
mixed design. Based on previous research (Parker & Dagnall, 2012;
study on eye movements and false memories with an effect size of
ŋ2partial = 0.04), an a priori power analysis using G*Power (Faul et al.,
2007), with a medium effect size (f = 0.25; Howe et al., 2009) and a
power of 0.80, showed that a total sample size of 136 participants was
needed. Hence, we compared the data from Experiments 1 (n= 72) and
2 (n= 68) to examine the effect of time (total N= 140). As no a priori

Table 4
Results Statistical Analyses of Experiment 2.

F p Partial eta2 BF10

Free Recall
True recall Main effect condition 9.80 0.003 0.129 2.81

Main effect valence 0.14 0.71 0.002 0.33
Interaction effect condition × valence 6.80 0.011 0.093 5.06

False recall Main effect condition 4.43 0.039 0.063 1.19
Main effect valence 0.06 0.80 0.001 0.19
Interaction effect condition × valence 0.58 0.45 0.009 0.06

Recognition
Hit rates Main effect condition 2.33 0.13 0.034 0.62

Main effect valence 9.61 0.003 0.127 14.48
Interaction effect condition × valence 0.08 0.78 0.001 0.04

False recognition Main effect condition 6.88 0.011 0.094 3.84
Main effect valence 11.84 0.001 0.152 31.42
Interaction effect condition × valence 1.20 0.28 0.018 0.43

R response for hits Main effect condition 4.84 0.031 0.068 0.33
Main effect valence 1.07 0.30 0.016 0.29
Interaction effect condition × valence 6.20 0.015 0.086 0.47

R response for CL Main effect condition 27.03 < .001 0.291 6864.16
Main effect valence 1.00 0.32 0.015 0.29
Interaction effect condition × valence 0.00 1.00 0.000 4.06−5

K response for hits Main effect condition 0.514 0.464 0.008 0.31
Main effect valence 6.246 0.015 0.086 2.16
Interaction effect condition × valence 11.32 0.001 0.146 17.02

K response for CL Main effect condition 11.23 0.001 0.145 11.84
Main effect valence 6.18 0.015 0.086 3.84
Interaction effect condition × valence 0.90 0.35 0.013 0.393

Intrusions t p 95% CI
Free recall 0.48 0.63 [-1.12, 1.83] 0.28
Recognition Related −2.10 0.040 [-1.21, −0.30] 1.58

Unrelated −3.68 < .001 [-2.81, −.83] 58.14

Notes. R= remember response; K = know response; CL = critical lure; CI = confidence interval. BF10 = Bayes Factor that expresses the likelihood of the data under
H1 relative to H0.
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hypotheses were formulated with regard to Remember/Know re-
sponses, results pertaining to these judgments can be found on the OSF
(https://osf.io/2eayz/).

8.1. Free Recall

True Recall. A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) × 2 (Time: Immediate vs. Delayed)
repeated measures ANOVA was performed on correct recall. The three-
way interaction was non-significant, F(1,136) = 2.30, p = .13,
ŋ2partial = .017. A statistically significant interaction effect between
condition and time emerged, F(1,136) = 9.60, p= .002, ŋ2partial = .066,
BF10 = 3.21. First, simple effect analysis revealed a statistically sig-
nificant simple main effect of time for both conditions. That is, parti-
cipants in the control condition in the immediate condition (Experiment
1; M= 0.32, SD= 0.10) recalled more hits than control participants in
Experiment 2 (M = 0.13, SD = 0.09), F(1,136) = 68.36, p < .001,
ŋ2partial = .335. Participants in the eye movement condition in
Experiment 1 also recalled more hits (M = 0.27, SD = 0.09) than eye
movement participants in Experiment 2 (M = 0.19, SD = 0.11), F
(1,136) = 11.62, p = .001, ŋ2partial = .079. All other interactions were
non-significant (Fs< 3.74, ps> .055).

False Recall. A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) × 2 (Time: Immediate vs. Delayed)
repeated measures ANOVA was performed on false recall and a similar
pattern was found. That is, no significant three-way interaction
emerged, F(1,136) = 0.14, p = .71. A statistically significant interac-
tion effect between condition and time emerged, F(1,136) = 5.09,
p= .026, ŋ2partial = .036, BF10 = 0.09. Simple effect analysis revealed a
statistical significant simple main effect of time, but only for the control
condition. Participants in the control condition of Experiment 1
(M = 0.29, SD = 0.17) had higher false recall levels than control
participants of Experiment 2 (M = 0.19, SD = 0.14; F(1,136) = 7.35,
p = .008, ŋ2partial = .512). All other interactions were non-significant
(Fs< 1.90, ps> .171).

Intrusions. A 2 (Condition: Eye Movements vs. Control) × 2 (Time:
Immediate vs. Delayed) ANOVA performed on uncorrected number of
intrusions yielded no statistically significant interaction, F
(1,136) = 0.15, p = .700. No main effect of condition was found, F
(1,136) = 1.57, p= .212. A significant main effect of time was found, F
(1,136) = 13.09, p < .001, ŋ2partial = .088, BF10 = 7.94. That is, when
memory was immediately tested (Experiment 1), fewer intrusions were
recalled (M = 1.50, SD = 0.28) than when memory was tested after a
delay (M = 2.91, SD = 0.29; Experiment 2).

8.2. Recognition

Hit Rates. A 2 (Condition: Eye Movements vs. Control) × 2
(Valence: Negative vs. Neutral) × 2 (Time: Immediate vs. Delayed)
repeated measures ANOVA performed on hits yielded a non-significant
three-way interaction, F(1,136) = 0.67, p = .41. A statistically sig-
nificant interaction effect emerged between condition and time, F
(1,136) = 5.14, p = .025, ŋ2partial = .036, BF10 = 6.88. Simple effect
analysis revealed a simple main effect of time for both conditions. That
is, control participants in Experiment 1 had more hits (M = 0.83,
SD = 0.09) than control participants in Experiment 2 (M = 0.64,
SD = 0.16; F(1,136) = 39.35, p < .001, ŋ2partial = .224). Eye move-
ment participants in Experiment 1 had more hits (M = 0.78,
SD = 0.12) than eye movement participants in Experiment 2
(M = 0.69, SD = 0.13; F(1,136) = 9.96, p < .002, ŋ2partial = .068).
The simple main effect of condition was statistically non-significant
(ps > .13). All other interactions were non-significant (Fs< 3.11,
ps> .080).

False Recognition. A 2 (Condition: Eye Movements vs.
Control) × 2 (Valence: Negative vs. Neutral) × 2 (Time: Immediate vs.
Delayed) repeated measures ANOVA performed on false recognitions

yielded no statistically significant interactions (Fs< 3.58, ps> .060). A
main effect of valence was found, F(1,136) = 12.39, p < .001,
ŋ2partial = .083, BF10 = 29.04. More negative words (M = 0.75,
SD = 0.25) were recalled compared with neutral words (M = 0.67,
SD = 0.27).

9. Discussion

The overall pattern observed in Experiment 2 was that after a delay
of 48 h, more false memories for both recall and recognition were found
in the eye movement condition than in the control condition. This effect
even persisted when we looked at the corrected recognition scores (see
Exploratory Analyses). Interestingly, we also found that the eye
movement condition had overall higher correct memory levels than the
control condition, an effect that has previously been observed by
Nieuwenhuis et al. (2013). In line with Shah and Knott (2018), parti-
cipants who performed eye movements made more remember re-
sponses than control participants.

10. General discussion

EMDR aims to change the quality of autobiographical memories of
patients who suffer from aversive memories. Understandably, much of
the literature on EMDR has understandably focused on its positive ef-
fects (i.e., reductions in vividness and emotionality; see e.g., van den
Hout, Eidhof, Verboom, Littel, & Engelhard, 2014). However, re-
searchers have recently begun to address unintended side effects of
psychotherapy (e.g., Rozental, Kottorp, Boettcher, Andersson, &
Carlbring, 2016) and one of these are false memories. During EMDR,
parts of the traumatic memory will be retrieved until the vividness and
emotionality linked to the traumatic memory sufficiently declined (van
den Hout & Engelhard, 2012). However, each time a memory is re-
trieved, memory is reconstructed and during such reconstruction, false
memories may arise (McNally, 2005). The current experiments ex-
amined whether eye movements, as used in EMDR, might enhance the
production of spontaneous false memories.

The main results can be summarized as follows. First, when parti-
cipants had to perform eye movements during memory retrieval im-
mediately after the encoding of stimuli (Experiment 1), eye movements
did not significantly increase correct memory or false memory rates.
Second, when memory was tested after a 48 h delay (Experiment 2), eye
movement participants had higher correct and false memory rates than
control participants. In line with Nieuwenhuis et al. (2013), we found in
Experiment 2 that participants who performed eye movements recalled
and recognized more presented words (i.e., correct memories) than
control participants. Importantly, even when we corrected for this en-
hanced memory effect in Experiment 2, eye movements were still as-
sociated with higher false memory levels.

Third, we found that eye movement participants (Experiment 2)
recalled more correct neutral items than control participants. This is
interesting, as the working memory account would lead one to predict
that eye movements reduce the vividness and emotionality of both
neutral and traumatic memories, and as a result, both types of mem-
ories will become less salient. However, we, and others (e.g., van den
Hout et al., 2014; but see; Littel, Remijn, Tinga, Engelhard, & van den
Hout, 2017) noted that eye movements do not undermine the quality of
neutral memories. This finding requires follow up research, because at
face value it is difficult to reconcile with the working memory account.

Fourth, in line with Shah and Knott (2018), we found that eye
movement participants made more remember responses for critical
lures than control participants (Experiment 2). One distinct possibility
if that performing eye movements, may make it more difficult for
participants to accurately discriminate between true and false items
(Mather, Henkel, & Johnson, 1997). As a result, false items might be
evaluated more often as remembered in the eye movement than in the
control condition.
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One prominent framework for understanding spontaneous false
memories is FTT (Brainerd & Reyna, 2002). FTT posits that memories
are sustained by two independent memory traces: verbatim (i.e., item-
specific characteristics of an experience) and gist (i.e., general meaning
of the experience) traces. One of the main tenets of FTT is verbatim
traces will disintegrate more rapidly than gist traces, causing in-
dividuals to rely over time more on the general meaning of events (i.e.,
gist traces). FTT assumes that false memories are the result of over-
reliance on gist traces when verbatim traces have become inaccessible.
To the extent that performing eye movements make memories less
salient, FTT would predict that it encourages individuals to rely on the
gist of experiences, thereby promoting false memories. However, FTT
also postulates than when correct memory increases, reliance on ver-
batim traces increases as well, thereby lowering false memory rates
(Brainerd & Reyna, 2002). Our findings are difficult to reconcile with
this perspective. That is, in Experiment 2, we found that eye movements
are associated with both elevated correct memory levels and increased
false memories. Also, although control participants of Experiment 2
recalled and recognized fewer hits than control participants in Experi-
ment 1, the two control groups did not differ with regard to false recall
and recognition, a pattern that runs counter to what FTT would predict.

An alternative framework is the Associative-Activation Theory
(AAT; 9Howe et al., 2009), which specifies that during the encoding of
an event, spreading activation will occur. This spreading activation
connects the event to associated theme nodes in an individual's
knowledge base (e.g., memories of going to a beach or a park are stored
under the general topic of ‘going out’). Because of this spreading acti-
vation, concepts might become activated that were not part of, but only
related to, the encoded event. The activation of such not-experienced
concept can lead to the creation of false memories. AAT predicts that an
increase in correct memories goes along with an increase in false
memories (Howe et al., 2009). By implication, when people retrieve
more correct memories due to eye movements, more spreading acti-
vation will occur. As a result, the chance that associated, but not ex-
perienced, concepts will be activated increases and this will promote
false memories. The fact that we found a significant correlation be-
tween true and false recall in Experiment 2 (r (34) = 0.395, p= .021)
supports such an interpretation.

The current experiments have some important limitations. First, the
DRM paradigm has been criticized for its lack of ecological validity (for
an overview see Wade et al., 2007; but see Otgaar, Muris, Howe, &
Merckelbach, 2017). For example, Patihis, Frenda, and Loftus (2018)
showed that there is no relationship between endorsement of lures in
the DRM paradigm and autobiographical false memories. The DRM
paradigm generally does not involve autobiographical memories,
whereas autobiographical memories are usually the primary focus of
EMDR therapists. Indeed, the results obtained with the DRM paradigm
in the current experiments are only a first step to examine the sus-
ceptibility to spontaneous false memories after performing eye move-
ments. By using virtual reality techniques (i.e., experience real life si-
tuations within a simulation setting) to create autobiographical
material, future research could examine false memory proneness after
performing eye movements during retrieval of autobiographical mem-
ories.

A second limitation is that we employed the EMDR kit for our eye
movement manipulation. In other research (e.g., van den Hout et al.,
2014), a computerized eye movement task was used and it might well
be the case that this technique induces more reliable eye movements.
On the other hand, the kit is used in clinical practice (https://www.
emdrkit.com/) and hence, our results might be informative for what
might occur during therapeutic sessions.

Third, the a priori power analysis was based on effect sizes observed
in previous work on false memories (Howe et al., 2009). However,
Morey and Lakens (2016) argued that basing the power of new studies
on effect sizes from previous studies is not ideal, as one is indirectly
selecting insufficient power for the study at hand. As the Bayes Factor

depends on sample size (De Santis, 2007), the low power probability of
statistical tests in the current experiments might explain the anecdotal
Bayes Factors (i.e., BF < 1) for the critical main effects in Experiment
1.

Some researchers observed that performing eye movements during
memory recall increases individuals’ susceptibility to misinformation
that is offered by others, which is one prominent source of false
memories (Houben et al., 2018; but see; Calvillo & Emami, 2019; van
Schie & Leer, 2019). Our results indicate that eye movements might
increase both correct memories and spontaneous false memories as
well. Of course, this finding needs replication and its boundaries and
generalizability need to be examined. However, given this state of af-
fairs, EMDR therapists are well advised to take potential false memory
effects of their intervention into account.
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