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Abstract

This study investigated the effect of a working memory intervention during the
reconsolidation window in reducing fear response. This study expands previous research
investigating the effects of pharmacological interventions on memory reconsolidation
interference. The effectiveness of a non-invasive treatment was investigated after memory
reactivation, apart from extinction. Participants (n = 31) completed a fear conditioning
paradigm across three consecutive days. Two stimuli-types were conditioned to shock
administration, while one was not. One of the two conditioned stimuli was reactivated, and
participants subsequently performed a working memory task. Results show that there was no
significant difference in fear reduction between the reactivated conditioned stimulus (CS+R)
and non-reactivated conditioned stimulus (CS+). Furthermore, fear was not reinstated for
CS+R, but also not for CS+. This implies that performing a working memory intervention
after memory reactivation does not interfere with memory reconsolidation. However,
methodological boundaries of the current study prevent drawing an unambiguous conclusion
and confirm that memory reconsolidation interference is far more complex than initially
thought. Further research is needed to clarify boundary conditions for the reconsolidation
phenomenon, as to further investigate the efficacy of working memory interventions in
memory reconsolidation interference, bearing in mind the considerations mentioned. This is

of importance since it helps to optimize therapies in clinical practice.
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Exposure is a core component of therapies treating anxiety disorders and posttraumatic
stress disorder (PTSD; Bisson, Roberts, Andrew, Cooper, & Lewis, 2013). In exposure
therapy, people are repeatedly exposed to the feared stimulus or situation in the absence of the
aversive consequences they anticipate, which results in fear extinction (Foa & Kozak, 1986).
While exposure therapy is one of the most effective therapies for anxiety disorders (Hofmann
& Smits, 2008) and PTSD (Powers, Halpern, Frenschak, Gillihan, & Foa, 2010), there
remains a group of clients who show relapse or therapy resistance (Hofmann & Smits, 2008;
Powers et al., 2010). This can be explained by several memory phenomena. First, when time
passes, spontaneous recovery of the fear may occur. Second, fear renewal may arise, which is
the recovery of fear when the context differs from the extinction context (Bouton, 1993).
Third, mere re-exposure to the context of learning, apart from the feared object or situation,
can result in fear recovery. This is called reinstatement, which occurs because the context
reminds of the previously learned association (Bouton & Bolles, 1979). Fear recovery can
arise because extinction training does not result in fear unlearning (Bouton, 2002); the
original memory route remains accessible, and can get reactivated in certain contextual
circumstances (Elsey & Kindt, 2017).

There has been a high scientific interest in appealing to other memory processes that
induce new learning and thus can prevent fear recovery in its entirety because of the great
practical application in improving treatment for anxiety disorders and PTSD. Memories are
formed by means of consolidation, in which a short-term, unstable memory is stabilized into
long-term memory (McGaugh, 2000). It has long been thought that memories are permanent
constructs. Interestingly however, it has been shown that reactivating consolidated memories
can make these memories vulnerable to modification or even disruption, after which the
memory restabilizes again. This process is referred to as reconsolidation (Tronson & Taylor,
2007). Reconsolidation takes places during a time window of approximately 6 hours post-
retrieval (Tronson, Wiseman, Olausson, & Taylor, 2006). Consolidation of memory arises
under the influence of protein synthesis in the amygdala, which has critical functions
regarding the processing and memorizing of emotional information (Davis & Squire, 1984).
Experiences which are emotionally arousing are associated with increased noradrenergic
amygdala activity (Galvez, Mesches, & McGaugh, 1996), which enhances emotional memory
through beta-adrenergic receptors (Ferry, Roozendaal, & McGaugh, 1999). In its turn, the
amygdala is functionally connected to the hippocampus (Strange & Dolan, 2004), which is
critical for episodic memory (Scoville & Milner, 1957), resulting in greater long-term

memory for emotional- compared to neutral events (LaBar & Cabeza, 2006).



Intervening on the neural activity of the amygdala has been shown to disrupt
memories. Blocking protein synthesis in the amygdala during the window of reconsolidation
by means of the administration of the beta-adrenergic receptor blocker propranolol has been
shown to disrupt reconsolidation of the original fear memory in rodents (Nader, Schafe, &
LeDoux, 2000; D¢biec & LeDoux 2004) and humans (Schwabe, Nader, Wolf, Beaudry, &
Pruessner, 2012; Sevenster, Beckers, & Kindt, 2013; Kindt, Soeter, & Vervliet, 2009).
Neuroimaging studies confirm that administration of propranolol results in amygdala
deactivation during encoding and retrieval of emotional information (van Stegeren et al.,
2005). By inhibition of protein synthesis in the amygdala, propranolol administration results
in reduced hippocampal activity (Strange & Dolan, 2004), leading to the disruption of
reconsolidation (Thonberg, Fredriksson, Nedergaard, & Cannon, 2002). Thus, brain areas
important for reactivation undergo changes in activity that are associated with modulation in
memory recall (Elsey & Kindt, 2017). Propranolol resulted in disruption of reconsolidation,
even when trying to reinstate the initially learned fear by presentation of contextual cues of
the initially established association (Kindt et al., 2009). This is of importance, since it shows
propranolol alters the initial memory trace instead of new learning taking place. Contrary to
extinction, in which a memory is merely inhibited and a new memory is formed, the memory
appears to have been actually modified after the administration of propranolol (Elsey &
Kindt, 2017).

Targeting reconsolidation processes forms a promising approach in enhancing current
treatments for anxiety disorders and PTSD. However, administration of protein synthesis
inhibitors like propranolol have downsides. Namely, they are invasive, resulting in possible
side-effects, like hypotension and bradycardia, which makes them unsuitable for some
individuals whom are prescribed drugs that are contraindicatory. (Stephen, 1966). Strikingly,
behavioral interventions have been shown to modify fear memories as well. For example, one
of the currently most practiced forms of therapy for anxiety disorders and PTSD, eye
movement and desensitization and reprocessing (EMDR; Shapiro, 1989), effectively
alleviates traumatic memory symptoms. Its working elements consist, among other things, of
memory retrieval while making goal-directed eye movements (Shapiro, 1989). Making goal-
directed eye movements while depicting a visual image of a traumatic memory reduces the
vividness and emotiveness of the memory.

EMDR is effective because making eye movements and recalling memories both
require working memory capacity, competing for cognitive resources (Van den Hout, &

Engelhard, 2012). Working memory is information being held active in memory while



simultaneously being used for information processing (Baddeley, 1992). Taxing working
memory activates several frontal brain regions and other cortical regions like the bilateral
inferior parietal lobule. Activation of these brain regions likely inhibits amygdala activity,
resulting in reduced emotional vividness (Hampson, Driesen, Skudlarski, Gore, & Constable,
2006). Making goal-directed eye movements and performing a working memory task have
both been shown to deactivate the amygdala (De VVoogd et al., 2018). Making goal-directed
eye movements has been studied apart from EMDR. It has been shown that making goal-
directed eye movements during extinction training enhances extinction learning, even though
fear response did return after a reinstatement procedure (de Voogd et al., 2018). Thus, making
goal-directed eye movements during extinction can reduce fear memory.

These results pose the question whether fear response can also be reduced by taxing
working memory in other ways. Indeed, there are studies that found that working memory
tasks can enhance extinction learning of conditioned fear (De Voogd et al., 2018; De Voogd
& Phelps, 2020). Furthermore, performing a mental arithmetic task in combination with
exposure resulted in a stronger reduction in image vividness of a traumatic event compared to
exposure alone (Engelhard, van den Hout, & Smeets, 2011). However, while these studies
show that behavioral interventions are effective in reducing fear response by enhancing
extinction learning, it remains unclear whether behavioral interventions can target memory
reconsolidation. While it is of clinical value to optimize extinction learning, appealing to
reconsolidation processes is favorable, since it would eliminate the risk of fear recovery.

Interestingly, there are other studies which indeed have shown that working memory
tasks can reduce fear response apart from extinction learning. For example, it has been shown
that playing a game of Tetris after reactivation can reduce memory intrusions after exposure
to traumatic content (Holmes, James, Coode-Bate, & Deeprose, 2009; James, Lau-Zhu,
Tickle, Horsch, & Holmes, 2016). Furthermore, a meta-analysis shows that implementing
extinction after memory reactivation (post-retrieval extinction) enhances the reduction in fear
(Kredlow, Unger, & Otto, 2015). Since extinction learning is prone to fear recovery (Lee,
Milton, & Everitt, 2006), it is of clinical interest whether working memory interventions
implemented after reactivation can disrupt reconsolidation just like pharmacologic
interventions.

Therefore, the current research will investigate the effect of a working memory
intervention implemented during the reconsolidation window apart from extinction learning.
The research question is: “What is the effect of a working memory task during the

reconsolidation window on the disruption of conditioned fear?” An experiment was carried



out in which a fear conditioning recall paradigm was used in which only one out of two
conditioned stimuli was reactivated. The working memory task was implemented after a
singular reactivation trial. It was hypothesized that a working memory intervention
implemented during the reconsolidation window would reduce fear response. Furthermore, it
was expected that fear could not be reinstated due to disruption of reconsolidation. It is
important to know whether post-retrieval treatments are effective in disrupting
reconsolidation, and under which circumstances, as this knowledge has important
implications for clinical practice. This study contributes to the theoretical grounds of
treatments for anxiety disorders and PTSD, disorders characterized by exceptionally strong

and salient emotional memories.
Methods

Participants

Effect size was expected to be in the regions of small to medium (f = 0.20),
comparable to effect sizes found in post-reactivation intervention research (Kredlow et al.,
2015). Power and alpha were set at .80 and .05, respectively. With correlation between
repeated measures set at r = .50, this resulted in the requirement of a sample size of 42
participants (Faul, Erdfelder, Lang, & Buchner, 2007). Participants were recruited via the
SONA-system. Exclusion criteria were being under the age of 18, being diagnosed with an
acute mental disorder, uncorrected vision problems, having a history of brain surgery/trauma
and skin diseases impeding the application of electrodes or interacting with administration of
electric shocks, and not understanding English. After the COVID-19 outbreak, data collection
had to be discontinued. Up to then, 67 participants were tested, which is why the analysis
sample initially consisted of 67 participants. All participants have given informed consent
before participating and were reimbursed with a small amount of money for their
participation. Of the 67 participants, only 36 participants showed fear acquisition on day 1
and were included in further analysis. Carrying out the analyses with the dataset including
participants who did not show acquisition produced different results. Due to technical issues,
data was missing for three participants, and two participants showed several outliers, after
which they were removed from data analysis. The age of the final sample (n=31) ranged from
19 to 60 years old (Mage= 25,35, SD = 8,94) and 13 males (38,2%), and 21 females (61,8%)
participated.



Materials
Fear conditioning paradigm

A fear conditioning paradigm was used that previously has been shown to instil fear
acquisition (De Voogd et al., 2018; Kindt et al., 2009). Electric shock administration served as
the unconditioned stimulus (US). The conditioned stimuli of the study (CS) consisted of three
images of geometrical shapes (squares) with different colors (green, blue, and yellow). One
color served as the reinforced conditioned stimulus (CS+), another as the unreinforced
conditioned stimulus (CS-) and a third as the reinforced conditioned stimulus which later in
the experiment was reactivated (CS+R). CS+ and CS+R were paired with shock
administration with a 37,5% shock contingency, while CS- was never paired with shock
administration. Shocks were delivered via two electrodes attached to the second and third
fingers of the left hand using a Maxtense 2000 device. Shock duration was 200 milliseconds,
with a frequency of 140 hertz. Shocks were delivered 3800 milliseconds after CS onset, and
co-terminated with CS offset. There were 16 trials per CS-type and presentation time was set
at four seconds. Allocation of color to CS-type was counterbalanced across participants. The
order of trials was pseudorandom, with no more than three consecutive trials of the same
stimulus. Participants received six shocks, and the first presentation of the conditioned stimuli
was always paired with a shock. Three shocks were delivered during the first eight
conditioned stimuli trials, and three during the last eight trials. The inter-trial-interval (ITI)

randomly varied between six to ten seconds.

Skin Conductance Response

Fear response was measured by means of skin conductance response (SCR).
Physiological indices are commonly applied in the research field of fear conditioning and
have the advantage of not being subject to self-report biases. SCR is one of the most
commonly used physiological indices of human fear responding (Lonsdorf et al., 2017).
Sympathetic arousal can be operationalized by SCR and can be measured non-invasively by
applying a low constant voltage (Fowles et al., 1981). Namely, innervation of the sweat
glands by the sympathetic nervous system (SNS) increases skin conductance and the
amplitude of the SCR is linearly related to the number of activated sweat glands (Freedman et
al., 1994). The higher the amplitude of the SCR, the higher the sympathetic arousal (Bach &
Friston, 2013). SCR was assessed as the total rise in amplitude during each stimulus

presentation, measured in microsiemens (uS).



Working memory intervention

Reactivation of CS+R was carried out by a four seconds presentation of the
geometrical shape in the color coupled to CS+R. The intervention included a filler video to
allow the memory to destabilize. Namely, it takes approximately ten minutes after memory
reactivation for the reconsolidation window to start (Monfils, Cowansaga, Klann, & LeDoux,
2009). The filler video was selected to be as neutral as possible, to prevent interference by
new information, but to be interesting enough to keep participant’s attention. Therefore, a
video containing fractal patterns was selected. The cognitively demanding task consisted of
the N-Back task, a task explicitly taxing working memory (Gazzaniga & Ivry, 2013). The
numbers 1 to 5 were presented on the center of the screen in random order. Participants were
asked to detect whether a presented number had appeared two positions back in a sequence of
numbers (2-back task). Participants were instructed to push spacebar when detecting such a
target. The chance of a 2-back trail was set at 25%. The inter-trial-interval was set at 0.4
seconds. Stimulus presentation time was 1.1 seconds with inter-trial interval set to 0.4
seconds. There were 37 blocks each consisting of 15 trials. There was a ten second break

between blocks, resulting in a total duration of the task of 20 minutes.

Retention- and reinstatement test

The retention test consisted of presentations of unreinforced CS+, CS- and CS+R trials
without shock delivery. There were 12 presentations of each CS-type, lasting for four
seconds. All CS-types were presented in the first three trials, in a counterbalanced manner. ITI
varied between six to ten seconds. After the last trial of the retention test and the subsequent
ITI, there appeared a fixed cross in the middle of the screen for 20 seconds, after which the
screen went black for ten seconds. Then, three unsignaled shocks were delivered as the
reinstatement intervention on a ten seconds interval. Afterwards, the reinstatement test took
place. The reinstatement test was identical to the retention test, except for the order of the
trials since CS-types presentation was counterbalanced.

Procedure

The experiment took place on three consecutive days with approximately 24 hours in
between. Day 1 consisted of fear acquisition, day 2 of reactivation and the working memory
intervention and day 3 comprised of the retention test, reinstatement and reinstatement test. At
the beginning of day 1, participants filled out informed consent and a screening form covering
the exclusion criteria. Next, electrodes were attached and shock intensity was adjusted for
each participant. A shock-work up was included, in which participants received five shocks



for which they indicated the intensity on a scale from 1 (not painful) to 5 (extremely painful).
During the whole experiment, shock intensity was set at an intensity level which was
experienced as unpleasant, but not painful. Next, instructions were given on how to perform
the N-back task. Furthermore, participants practiced the N-back task on the computer. During
this practice run, 15 numbers were presented. Afterwards, fear conditioning took place
according to the fear conditioning paradigm. Participants were informed that they would see
visual stimuli on the screen, and that they occasionally would receive shocks. On day 2, upon
arrival at the lab, skin conductance- and shock device electrodes were attached. Next
reactivation of CS+R took place. Subsequently, participants watched the filler video for ten
minutes to allow the memory to destabilize. Then, participants performed the N-back task for
20 minutes. There was no feedback provided; participants were only notified that a response
had been recorded when they pressed the space bar. On day 3, upon arrival at the lab, skin
conductance- and shock device electrodes were attached. The retention test phase took place
to test whether fear response was retained for each CS-type. Afterwards, the reinstatement
intervention took place in which the computer screen went black and participants received
three unsignaled electric shocks. Subsequently, the reinstatement test took place. Participants

were debriefed after the completion of the experiment.

Statistical Analysis

SCR-scores were determined by computing mean scores of each CS x Time-level
(acquisition, retention, reinstatement) combination for each participant. To account for
differentiation of SCR on different days due to external variables, mean scores were
normalised to the average US response of each day, and a square-root transformation was
employed to correct for the often right-skewed distribution of SCR data. This transformation
is often employed with SCR data (Lonsdorf et al., 2017). Z-scores were computed to identify
outliers (z-score > 3). Two participants had multiple outliers, which might indicate that
measurement was not valid. Subsequently, outliers were deleted from the dataset. Results did
not change after deletion. Statistical analyses were performed using SPSS 25 (IBM, 2017).

Assumption of normality of SCRs for each of the combinations of phase and type was
tested by means of Shapiro-wilk tests, Q-Q-plots and histograms, which showed that the
multivariate normality assumption was violated. Mauchly's Test of Sphericity indicated that
the assumption of sphericity was violated for the effect of Time, ¥*(2) = 7.80, p = .020, ¢ =
.849, but not for the effects of Type ¥*(2) = 2.38, p = .3.05 or the interaction Time x Type,
2%(9) = 8.942, p = .443. Therefore, a Huynh-Feldt correction was applied. This correction is



recommended when estimates of sphericity are larger than 0.75 (Girden, 1992).

To examine the effect of stimulus-type on SCR across the different phases of the
experiment, SCR-scores were entered into a 3 (Stimulus-type: CS-, CS+, CS+R) x 3 (Time-
level: Acquisition, Retention, Reinstatement) repeated measures ANOVA. Significant effects
were followed-up by planned contrast analyses. An alpha level of .05 was used for all
statistical tests and all reported tests were two-sided. Partial eta squared (P#?) effect size
estimates are reported for all relevant tests.

Results

Acquisition

First, it was tested whether participants showed a conditioned response during
acquisition. A conditioned response was defined by showing a numerically higher response to
the CS+ and the CS+R compared to the CS-. The shock trials were excluded from this
criterion, as to prevent potential bias by shock delivery (Kroes, Tona, den Ouden, van
Wingen, & Fernandez, 2016). Participants who did not meet this criterion were excluded from

further data-analysis.

Sample Descriptives

Means and standard deviations of the square-root of the standardized means of the
SCR-scores were computed as to obtain a first impression of SCR-scores on different time-
level and stimulus-type combinations (Table 1).

Time-level Stimulus-Type M SD
Acquisition CS- 181 136
CS+ 390 .206
CS+R .358 212
Retention CS- 112 .092
CS+ 174 140
CS+R 190 141
Reinstatement CS- .087 .095
CS+ 101 .088
CS+R 119 109

Table 1. Sample descriptives
Note. M = Mean. SD = Standard Deviation.



Main effects

Next, the effect of performing a working memory task after reactivation on skin
conductance response was investigated. There were significant main effects of Stimulus-type,
F(2, 60) = 39.370 p < .000, P»*= .57, meaning a significant difference between the stimulus-
types was found. Furthermore, there was a main effect of Time, F(1.70, 50,92) = 61.869, p
<.000, P»*= .67, meaning a significant difference between the time-levels was found. In
addition, the interaction effect showed to be significant, F(4, 120) =22.719, p < .000, Py*=
43. These results show there is a generalized fear recovery effect most pronounced for one

CS-type, and subsequently multiple comparisons were investigated.

Contrast analyses: Stimulus-type

Multiple comparison tests were performed to further investigate the main-effect of
stimulus-type. It was demonstrated that for CS-, there was a significant difference in SCR
between acquisition and retention, p =.002, P»?=.28. And between retention and
reinstatement, p <.000, P»? = .40. Next, it was shown that for CS+ there was a significant
difference in SCR between acquisition and retention, p < .000, P»? = .71 and between
retention and reinstatement, p <.000, P»? = .77. For CS+R there was a significant difference
in SCR between acquisition and retention, p < .000, P»? = .54 and between retention and
reinstatement, p < .000, Pxn? = .69. This means all CS-types showed evidence of diminished

fear recovery from acquisition to retention to reinstatement (Figure 1).

Contrast analyses: Time-level

Multiple comparison tests were performed to further investigate the main-effect of
Time-level. It was demonstrated that there was a significant difference in SCR during
acquisition between CS- and CS+, p <.000, P5?=.71 and between CS- and CS+R, p <.000,
Pn?= .63, but not between CS+ and CS+R, p =.107, P»? = .08. Next, it was demonstrated that
there was a significant difference in SCR on the retention test between CS- and CS+, p = .001,
Pn? =.29 and between CS- and CS+R, p = <.000, Py? = .39, but not between CS+ and
CS+R, p =.234, Py?=.05. Furthermore, it was shown that there was no significant difference
in SCR on the reinstatement test between CS- and CS+, p = .350, Py2 = .03 or between CS+
and CS+R, p =.206, Py? = .05, but there was a significant difference between CS- and CS+R,
p =.016, P»? = .18. This means SCR-scores were lower for CS- than for CS+ and CS+R
during acquisition and retention, and during reinstatement SCR-scores were lower for CS-
than for CS+R (Figure 1).
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Contrast analyses: Interaction Time-level x Stimulus-type

Multiple comparison tests were performed to further investigate the interaction-effect
of Time-level x Stimulus-type. From acquisition to retention, there was a significant
difference in SCR-decline for CS- compared to CS+, F(1, 30) = 36.777, p < .000, Py?= .55.
Furthermore, there was a significant difference in SCR-decline for CS- compared to CS+R,
F(1, 30) = 19.91, p <.000, P»*=.40. Moreover, there was a significant difference in SCR-
decline for CS+ compared to CS+R, F(1, 30) =5.802 p =.022, P»?= .162. From retention to
reinstatement, there was a significant difference in SCR-decline for CS- compared to CS+,
F(1, 30) = 4.536, p = .042, P»*=.13. Furthermore, there was a significant difference in SCR-
decline for CS- compared to CS+R, F(1, 30) = 4.552, p <.041, P»*= .13. Furthermore, there
was no significant difference in SCR-decline for CS+ compared to CS+R, F(1, 30) =.009, p =
.925, Py?=.00. Thus, all stimulus-types significantly differed in the level of decline of SCR
on each time-level comparison, except from CS+R and CS+ regarding retention to

reinstatement (Figure 1).
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Figure 1: Skin conductance response (square-root of the standardized means) during the

different time-levels for each stimulus-type
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Discussion

This study was carried out to investigate whether working memory interventions can
diminish fear response by means of memory reconsolidation interference. Physiological
interventions have been shown to disrupt reconsolidation of fear memory (Schwabe et al,
2012; Sevenster et al., 2013; Kindt et al., 2009). It was aimed to shed light on the question
whether working memory interventions, just like physiological interventions, can disrupt
reconsolidation of fear. To test this, a working memory intervention was implemented after a
singular reactivation trial. It was hypothesized that a reduction in fear response would show,
and that fear recovery would be prevented, which would indicate that memory interference
had occurred. Results show that during acquisition, conditioned fear for receiving electric
shocks as measured by SCR was lower for CS- than for CS+ or CS+R. This shows the
conditioning paradigm was effective. Furthermore, the main effect of stimulus-type was
statistically significant, meaning that there was a generalized reduction in fear response most
pronounced for one CS-type. Furthermore, the main-effect of time-level was statistically
significant, meaning there was an overall significant difference in SCR between the three
points of measurement. Moreover, the interaction effect of time-level x stimulus-type was
significant, meaning that the effect of stimulus-type on SCR was affected by time-level.
Subsequently, contrast analyses showed that all CS-types showed evidence of diminished fear
response from acquisition to retention to reinstatement. Furthermore, it was shown that SCR-
scores were significantly lower for CS- than for CS+ and CS+R during acquisition and
retention, and statistically significantly lower for CS- than for CS+R during reinstatement.
Moreover, all stimulus-types significantly differed in the level of decline of SCR on each
time-level comparison, except from CS+R and CS+ regarding retention to reinstatement.

These results do not provide evidence for the hypothesis that performing a working
memory task during the reconsolidation window can enhance fear reduction. As was
confirmed, it was expected that SCR from acquisition to retention would decline for CS+R as
well as for CS+, since the retention test consisted of unreinforced trials gradually resulting in
fear extinction. However, the expected difference between the decline of CS+ and CS+R did
not show. Namely, there was no statistically significant difference in fear reduction between
CS+ and CS+R, showing the intervention did not result in a stronger reduction in fear
response for CS+R than for CS+. This implies that performing a working memory
intervention during the reconsolidation window is not an effective means to enhance fear

reduction. Furthermore, when looking at the reinstatement test, it is striking that fear was, as
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expected, not reinstated for CS+R, but also not for CS+. While reinstatement was prevented,
results show this cannot be ascribed to the intervention since fear reinstatement did not
significantly differ between CS+R and CS+.

These findings indicate that implementation of behavioral interventions after
reactivation does not disrupt reconsolidation processes. However, several alternative
explanations should be considered for why no significant effect was found. First, the scale of
measurement might have been too imprecise. While the experimental set-up entailed several
trials during acquisition, retention and reinstatement, for the scope of this study the data-
analysis had been limited to analysing mean scores per time-level. However, the variance in
data scores got lost as a result. From previous research into fear conditioning, it becomes clear
that conditioned fear response peaks at the start of a retention or reinstatement block, whilst
subsequently showing a decline in fear response (De Voogd & Phelps, 2020). This is because
the tests itself form unreinforced trials, resulting in a reduction of fear by extinction learning
of the CS-US association. By taking the mean scores of all trials per time-level, rises in SCR-
amplitude at the beginning of a time-level could not be measured. Thus, it might be possible
that the working memory intervention resulted in a significantly stronger reduction in fear
response, but this effect could not be measured because by taking the mean scores of all trials
per time-level, the effect might have gotten overshadowed by extinction effects.

Another explanation for why fear reduction was not significantly stronger for CS+R
than for CS+ might be that reconsolidation was not successfully triggered. Considering
activating the process of memory reconsolidation, there are certain prerequisites to be met.
For reconsolidation to occur, there has to be an experienced mismatch between what is
expected and what actually occurs, which is called the prediction error (Kindt & van
Emmerik, 2016). It is not the absence of reinforcement, but the failure to meet expectancies
which leads to reconsolidation (Sevenster et al., 2013). In the current study, shock
contingency was set to 37,5%, which might have resulted in a fairly weak shock expectancy.
Indeed, almost half of the sample did not show fear acquisition and had to be excluded,
showing that the shock contingency level might have been set too low. In addition, research
showed that with a reinforcement schedule of 50%, only two reactivation presentations of the
CS, but not one or four, instantiated prediction error. One or four unreinforced CS
presentations did not violate the reinforcement pattern learned, because it was expected that
one out of two presentations would be succeeded by shock administration. Consequently, in
these conditions propranolol administration did not result in a reduction of fear response

(Sevenster, Beckers & Kindt, 2014). However, there is no way to check whether
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destabilization occurred, which makes it difficult to conclude whether the reactivation
procedure was ineffective or whether the intervention did not lead to the anticipated results.
These methodological boundaries of the current study prevent drawing an unambiguous
conclusion about the effectiveness of behavioral interventions in memory reconsolidation
interference.

Concerning reinstatement, results show that fear recovery was prevented for CS+R as
well as for CS+. An explanation for why the reinstatement procedure did not result in
recovery of fear for CS+ is that the fear reinstatement procedure was not effective. Namely,
the reinstatement phenomenon is strongest when the conditioned response is tested in the
context in which the unconditioned response has occurred (Bouton, 2002). The screen going
black in between retention and reinstatement could have possibly led to participants focussing
their attention on the test leader. This might have resulted in a change in experimental context,
resulting in participants anticipating on what would happen next, preventing fear
reinstatement for CS+. However, previous research using a similar reinstatement procedure
showed evidence of reinstatement (De Voogd & Phelps, 2020).

Aside from the explanations mentioned for why no significant effects were found, it
should be considered that working memory interventions are not an effective means to
interfere with memory reconsolidation processes after reactivation. While performing a
working memory task simultaneously with extinction has been shown to reduce vividness of
emotional memory (Engelhard et al., 2011), it might not be effective apart from extinction
learning in reducing fear response. Namely, regarding the effectiveness of post-reactivation
behavioral interventions, results are inconsistent. There are some positive findings, which
show that implementing extinction after memory reactivation (post-retrieval extinction)
enhances the reduction in fear (Kredlow et al., 2015). Furthermore, it has been shown that
playing a game of Tetris after a singular reactivation can reduce fearful memory intrusions
(Holmes et al., 2009; James et al., 2016). Notwithstanding, there have been some counter
findings. Namely, studies showed that adding reactivation to regular extinction training did
not enhance reduction in fear response (Chalkia et al., 2020; Luyten & Beckers, 2017).
Furthermore, another study showed that implementation of behavioral interventions after
reactivation did not trigger memory change (Hardwicke, Taqgi, & Shanks, 2016).

It should be considered that, while behavioral interventions are appraised as a
substitute for physiological interventions, they might have different underlying working
mechanisms and thus different effects. It is theorized that effects of physiological

interventions can be attributed to blockage of beta-adrenergic receptors in the amygdala,
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which indirectly inhibits protein synthesis (Thonberg et al., 2002). Indeed, propranolol
administration results in reduced amygdalic and hippocampal activity (Strange & Dolan,
2004), which is theorized to result in the disruption of reconsolidation (Thonberg et al. 2002).
Since it has been shown that performing a working memory task demanding a high cognitive
load results in a stronger reduction in amygdala activity and diminished fear response
compared to a low cognitive load (De Voogd & Phelps, 2020), it is theorized that cognitively
demanding behavioral interventions have the same underlying working mechanisms as
physiological interventions. However, the exact mechanism underlying induced memory
impairment are not fully understood (Beckers & Kindt, 2017), and the research field is still
developing. For example, while it was first thought that disrupting memory reconsolidation
erases the original memory, it has been shown it merely blunts the emotional valence of it
(Cogan, Shapses, Robinson, & Tronson, 2019). This means it cannot merely be assumed that
working memory interventions have similar working mechanisms as pharmacological
interventions.

Despite the contradictory findings, memory reconsolidation interference by means of
behavioral interventions is still of high scientific interest, since it circumvents the downsides
of invasive intervention options. Yet, since memory destabilization is far more complex than
initially thought, there are several optimal and boundary conditions that need to be taken into
account when investigating behavioral interventions in the context of memory reconsolidation
interference. First, prediction error is of importance, as mentioned before. The optimal degree
of prediction error during memory retrieval to induce reconsolidation is quite narrow. If the
contextual cues are not a mismatch with the original memory trace, a new memory trace is
being formed instead, resulting in extinction learning instead of reconsolidation (Beckers &
Kindt, 2017). Thus, in the case of extinction learning where memory activation is prolonged,
reconsolidation is not triggered (Lee, 2009). This means blocking protein synthesis during
extinction learning might actually interfere with consolidation of the extinction memory rather
than disrupting reconsolidation of the original memory trace (Bos, Beckers, & Kindt, 2014).
Thus, to prevent instillation of opposing effects, procedural considerations are of great
importance when translating reconsolidation interference into clinical practice. For example,
EMDR as currently practiced includes taxing working memory as well as extinction learning
and it remains unclear whether these elements might interact or whether they actually
strengthen each other.

Some further limitations have to be mentioned. First, due to the COVID-19 outbreak,

findings were obtained in a limited sample (n = 31), resulting in inadequate power to test the
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hypotheses regarding some of the contrast analyses. While power showed to be adequate for
most analyses, the obtained results should be interpreted whilst taking the lack of power into
account. Second, the data were not normally distributed. Applying a logarithmic correction
did not change the distribution. Since repeated measures ANOVA only require approximately
normal data because it is quite "robust” to violations of normality (Field, 2013), data were
examined after the square-root transformation, which straightened the distribution a little.
Third, no control condition was included, constituting of participants who did not perform the
working memory task after reactivation. Without a control condition, the effect of the
retention and reinstatement test could not be disentangled from the effects of the working
memory intervention. Furthermore, making use of a control condition that did not receive any
reinstatement of the unconditioned stimulus is desirable, since this would allow for
controlling for effects due to the experimental break between the end of the retention test and
the reinstatement test.

In conclusion, the decline in fear response found in the current study can solemnly be
attributed to extinction processes, since there is no evidence of an enhanced reduction in fear
response by making use of a working memory intervention during the reconsolidation
window. However, the methodological boundaries of the current study, especially the large
scale of measurement, small prediction error, and small sample size, prevent drawing an
unambiguous conclusion. Regarding the effectiveness of behavioral interventions in
interfering with memory reconsolidation, results are contradictory and disrupting
reconsolidation processes is far more complex than initially thought. Further research is
needed to clarify boundary conditions for the reconsolidation phenomenon, bearing in mind
the considerations mentioned. This is of importance since disrupting memory reconsolidation
offers an alternative strategy to current practice to reduce the likelihood of return of fear,
which would provide a long-term cure for patients with anxiety disorders and PTSD. Adding
to that, research should further investigate the efficacy of working memory interventions in
memory reconsolidation interference. Working memory interventions offer a promising new
outlook on disrupting reconsolidation in a non-invasive manner, and some positive results

already have been found.
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