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Abstract

Reduced ability to retrieve specific autobiographical memories is a well-defined feature of posttraumatic stress disorder
(PTSD), and science-driven interventions have emerged to improve memory specificity and thereby symptoms.
However, research in depressed samples indicates that the ability to flexibly move between retrieval of specific and
general memory types (i.e., memory flexibility) may more accurately conceptualize autobiographical memory deficits
in emotional disturbance. In this study, we evaluated memory specificity and memory flexibility in Iranian trauma
survivors (N = 63) with and without PTSD relative to community control participants. Trauma-exposed participants had
experienced a serious road-traffic accident. Results indicated that individuals with PTSD experienced reduced memory
specificity and memory flexibility relative to trauma-exposed participants and community control participants. A small
sample size limits the strength of conclusions, although good statistical power was obtained. Findings suggest that
reduced memory flexibility may be a transdiagnostic marker of emotional disturbance and support further development

of memory flexibility interventions for PTSD.
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Posttraumatic stress disorder (PTSD) is often character-
ized as a syndrome of disordered memory. It is not just
the quality of the trauma memory (e.g., integration of
sensory and contextual information) that defines the
course of symptoms (Brewin, Gregory, Lipton, & Burgess,
2010)—trauma can disrupt other autobiographical
memory processes that are integral to mental health.
Attempts to avoid the trauma memory can overgeneral-
ize to all autobiographical memories such that individu-
als begin to experience difficulty in retrieving specific
memories of other single-incident events from their
personal past (Williams et al., 2007). In turn, reduced
access to specific autobiographical memories predicts
the later course of symptoms over and above current
symptoms (e.g., Bryant, Sutherland, & Guthrie, 2007;
Kleim & Ehlers, 2008). There are now numerous reviews
and meta-analyses establishing reduced autobiographi-
cal memory specificity as a key feature of PTSD in both

adults (Moore & Zoellner, 2007; Ono, Devilly, & Shum,
2016; Williams et al., 2007) and young people (Hitchcock,
Nixon, & Weber, 2014).

Novel interventions derived from this basic science
have therefore emerged to improve autobiographical
memory specificity and, subsequently, PTSD symp-
toms. The development of autobiographical memory-
based programs reflects a wider interest in memory
editing for PTSD (for a review, see Phelps & Hofmann,
2019). Traditional therapeutic approaches focus on
editing the trauma memory itself using techniques such
as imagery rescripting or updating the appraisals
embedded in the trauma memory (i.e., trauma-focused
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cognitive behavioral therapy [CBT]. In contrast, novel
autobiographical memory interventions aim to more
broadly improve memory-retrieval skills with the goal
of improving access to and quality of a range of auto-
biographical memories (including positive and emo-
tionally benign memories). Such programs therefore
seek not to update or edit the trauma memory but to
improve autobiographical processes more generally.
Improving broader memory retrieval skills may not
only ameliorate trauma-related memory deficits but
also enhance useful everyday cognitive skills, which
have been shown to draw on autobiographical memory
retrieval, such as problem solving and reappraisal (e.g.,
Jing, Madore, & Schacter, 2016) and social skills (Beike,
Brandon, & Cole, 2016).

The most prolific program aimed at adjusting wider
autobiographical memory processes is memory-specificity
training (MEST). MEST is a 5- to 6-week program in
which participants practice repeated retrieval of specific
memories to positive, negative, and neutral word cues
(Raes, Williams, & Hermans, 2009). Following on from
our early work evaluating MEST as a potential treatment
option for PTSD (Moradi et al., 2014), several meta-
analyses have now demonstrated that MEST produces
moderate effect sizes relative to control conditions for
both memory specificity and PTSD symptoms (Barry,
Sze, & Raes, 2019; Hitchcock, Werner-Seidler, Blackwell,
& Dalgleish, 2017), although results have been variable
between trials. A key strength of memory-based pro-
grams such as MEST is that they require minimal thera-
pist input (indeed, computerized versions of MEST are
now being developed; Martens et al., 2019) and, criti-
cally, do not involve direct work with the trauma mem-
ory at all. They may therefore be useful in situations in
which access to therapists is limited or nonexistent.

However, recent research has suggested that poor
memory specificity may not represent the only distor-
tion in autobiographical memory retrieval associated
with poor mental health. Theoretical frameworks pro-
pose that autobiographical memory is stored in a hier-
archical manner such that generalizations that summarize
information across categories of events (e.g., “going to
work”) are available at the initial point of access, with
more detailed, event-specific knowledge (e.g., “team
meeting last Friday”) being stored at the bottom of the
hierarchy (Conway & Pleydell-Pearce, 2000). This
means that an individual must successfully navigate
between generalized and specific levels of memory
representation to retrieve a specific, single-incident
memory. In this way, a compromised ability to move
flexibly within the autobiographical memory store and,
in particular, between specific and general levels of
memory representation may more accurately represent
the autobiographical memory distortion consistently
observed in the mentally unwell.

In support of this notion, in a sample of depressed
adults, Hitchcock et al. (2019) demonstrated that it was
not simply the ability to retrieve specific, single-incident
events that characterized disorder but that the ability
to alternate between retrieval of specific memories and
generalized summaries of the personal past was also
impaired. That is, the ability to move flexibly between
specific and general autobiographical memory types
was reduced in depression, with the effect size (d =
0.90) for the deficit relative to nondepressed control
participants being much larger than that for memory
specificity (d = 0.48). The authors suggested that targeting
the broader ability to flexibly retrieve any autobiographical
memory type on demand may more comprehensively
target the cognitive mechanism and thereby increase the
therapeutic effect of autobiographical memory-based
interventions. Promising evidence has emerged for the
effect of memory flexibility (MemFlex) training in treat-
ing depression (Hitchcock et al., 2018).

Note that theory outlining the role of autobiographi-
cal memory in emotional disorder (Williams et al., 2007)
states that these deficits are transdiagnostic in nature
such that individuals with both depression and PTSD
would be expected to experience poor memory speci-
ficity and potentially, poor memory flexibility. Indeed,
as outlined above, meta-analyses have demonstrated
similar pre-to-post intervention effect sizes for the
remediating effects of memory-based intervention in
both disorders (Barry et al., 2019; Hitchcock, Werner-
Seidler, et al., 2017). Furthermore, reducing the ten-
dency toward generalizations about the self and the
world (e.g., the world is unsafe) and away from repre-
sentations of discrete events (i.e., the trauma) is a key
target of cognitive therapies that are effective in treating
PTSD (trauma-focused CBT; National Institute for
Health and Care Excellence, 2018).

There is therefore reason to expect that individuals
with PTSD are also likely to experience reduced mem-
ory flexibility. This is important to establish to improve
both screening and treatment of PTSD. If autobiographi-
cal memory flexibility allows us to differentiate between
individuals likely to develop PTSD after trauma and
individuals who are not, as memory specificity does
(Moore & Zoellner, 2007), this may aid the early iden-
tification of individuals who are unlikely to experience
natural attenuation of symptoms and therefore in need
of symptom monitoring. Autobiographical memory defi-
cits associated with poor mental health are evident
across languages and cultures (including both collectiv-
ist and individualist societies; Jobson, Cheraghi, &
Moradi, 2016; Jobson et al., 2018), which suggests that
autobiographical memory distortions may offer a uni-
versal, culture-free indicator of risk that can be easily
identified and ameliorated. Because frameworks for the
translation of basic science toward improved clinical
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Table 1. Sample Characteristics

PTSD Trauma-exposed Community
Characteristic (n=23) (n=20) (n = 20)
Female n=13 n=14 n=13
Completed undergraduate degree n=13 n==8 n=9
Age in years 27.69 (5.00) 27.25 (5.86) 20.35 (5.42)
Verbal-fluency task score 25.09 (3.86) 23.30 (3.66) 25.75 (5.52)
Posttraumatic Checklist for DSM 5 score 42.83 (11.02) 18.60 (4.97) —
Beck Depression Inventory-II score 22.96 (7.78) 13.10 (4.39) 11.10 (2.67)

Note: Values are means with standard deviations in parentheses unless otherwise indicated. PTSD =

posttraumatic stress disorder.

practice emphasize that accurate conceptualization of
the mechanism of action is critical to enhancing treat-
ment effects (e.g., NIH Science of Behavior Change;
Nielsen et al., 2018), better understanding of autobio-
graphical memory distortions after trauma may improve
intervention options (e.g., offering memory flexibility
training programs).

In this study, we therefore evaluated differences in
autobiographical memory specificity (i.e., the ability to
retrieve specific, single-incident memories) and mem-
ory flexibility (i.e., the ability to move between retrieval
of specific and generalized memories) in individuals
experiencing PTSD after a serious road-traffic accident,
individuals who had experienced a serious road-traffic
accident but not developed PTSD (trauma-exposed con-
trol participants), and individuals with no history of
serious road-traffic accident or other significant trauma
(community control participants). In comparing groups
in this manner, it is important to ensure that any
observed memory deficits were not due simply to
group-based differences in executive function. We
therefore matched samples for executive control over
verbal information using performance on a verbal-
fluency task (VFT), an executive measure that has been
previously associated (Dalgleish et al., 2007) with per-
formance on the autobiographical-memory task (AMT;
Williams & Broadbent, 1986) we used to index memory
retrieval. We hypothesized that individuals experiencing
PTSD would demonstrate both poorer memory specific-
ity and poorer memory flexibility relative to trauma-
exposed participants and community control participants.
We also predicted that the size of the effect would be
larger for memory flexibility relative to memory specific-
ity, as observed in individuals with depression.

Method

Participants

A power calculation estimating the effect size for the
difference in memory flexibility between depressed and

control participants (d = 0.90, directional o = .05) indi-
cated that 19 participants per group would provide 85%
power. Individuals between 18 and 40 years old with
(n = 23) and without (z = 20) PTSD were recruited
following presentation at the Sina Hospital in Tehran,
Iran. Potential participants were identified via hospital
records and contacted after discharge. All trauma-
exposed individuals were seeking medical attention for
injuries sustained in a road-traffic accident that had
occurred 3 to 18 months ago. Presence of PTSD was
determined using a Farsi translation of the Structured
Clinical Interview for DSM-5 (SCID; First, Williams,
Karg, & Spitzer, 2015) by trained research staff under
the supervision of a clinical psychologist. Control indi-
viduals who had not experienced a serious road-traffic
accident (defined here as requiring medical assistance)
or other significant traumatic event according to the
SCID were recruited via community advertisements in
Tehran. For all three groups, exclusion criteria were
lack of oral and/or written fluency in Farsi, traumatic
brain injury or cognitive impairment (indexed via self-
report), or current experience of psychosis, indexed by
the SCID. No participants were excluded on this basis.
All three groups were matched on age, gender, educa-
tion history, and verbal fluency (see Table 1).

Materials

Alternating Autobiograpbical Memory Task. The
Alternating Autobiographical Memory Task (AMT-AI,
Dritschel, Beltsos, & McClintock, 2014) is a cued-recall
task that requires participants to retrieve a memory of
their personal past in response to cue words of positive,
negative, and neutral emotional valence. The AMT-AI is
formed by three retrieval blocks: a block of six cues that
require retrieval of specific memories, as in the original
AMT (Williams & Broadbent, 1986); a block of six cues
that require retrieval of generalized, categoric memories,
as in the reversed version of the AMT (AMT-R; Dalgleish
et al., 2007); and a block of 12 cues in which the indi-
vidual must alternate between retrieval of specific and
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general memories. The task therefore yields a score for
the ability to retrieve specific memories on demand
(i.e., memory specificity; AMT-S), the ability to retrieve
general memories that summarize a category of events
(referred to hereafter as general memories) on demand
(AMT-R), and the ability to successfully alternate between
specific and general memory types (i.e., memory flexibil-
ity; AMT-A).

Task instructions were presented in Farsi on a com-
puter screen. The Farsi cue word was then displayed,
and participants were given 30 s to retrieve the
requested memory type. Participants reported their
memory aloud, which was audio recorded and later
scored as a specific or general memory. Errors were
memories scored as extended memory (i.e., event last-
ing longer than 1 day), repeated memory (i.e., a mem-
ory that had been previously reported), semantic
associate (i.e., personal information that is related to
the cue but is not a memory), or omission (i.e., no
response reported). A second rater scored 15% of the
AMT-AI responses, which demonstrated good interrater
reliability, intraclass correlation coefficient = .96.

The AMT-AI was administered in the same manner
as the prior evaluations with healthy individuals
(Dritschel et al., 2014) and depressed individuals
(Hitchcock et al., 2019). Cues were Farsi words that
were matched between positive and negative valence
for frequency and emotionality and were randomized
between blocks. Examples of correct memories were
given in the task instructions, and individuals were
given four practice trials (two each for specific and
general memories), for which feedback was given on
incorrect responses. As in Dritschel et al. (2014) and
Hitchcock et al. (2019), the proportion of correct
responses was calculated for each block to account for
the different number of cues between the blocks. We
report proportions when the number of omissions is
subtracted from the number of presented cues, as in
the previous studies. However, results remained the
same when omissions were not subtracted.

Executive control over verbal information. As noted
in the introduction, performance on the AMT has been
previously associated with executive control over verbal
information (Dalgleish et al., 2007). To ensure that any
effects were attributable to differences in PTSD symp-
toms, we therefore administered the VFT (Spreen &
Strauss, 1998) to all participants. The VFT requires indi-
viduals to generate as many words that begin with a cer-
tain letter (&) as they can within a 60-s period. Participants
are then given another 60 s to generate as many words as
they can that fall into a given semantic category (“ani-
mals”). The task is scored as the number of correctly
identified words in each condition (incorrect responses

are repeated words, proper nouns, and words that do not
fit the given instructions).

Symptom measures. PTSD symptoms in trauma-exposed
participants were measured using a Farsi version of the
Posttraumatic Checklist for DSM-5 (PCL-5), which has
been found to have good internal consistency (Jasbi et al.,
2018). Cronbach’s a was high in the current sample (.92).
Depressive symptoms in all participants were measured
using the Farsi version of the Beck Depression Inventory—
IT (BDI-II; Ghassemzadeh, Mojtabai, Karamghadiri, &
Ebrahimkhani, 2005). The Farsi version of the BDI-II dem-
onstrates good reliability and validity (Ghassemzadeh et al.,
2005).

Procedure

Ethics approval was obtained from the Tarbiat Modarres
University (Tehran, Iran) Institutional Review Board
(R.TMU.REC.1396.691). Measures were delivered in
fixed order. Individuals provided written informed con-
sent, and all trauma-exposed participants individually
completed the SCID with a trained assessor. At a second
testing session within the following 7 days, individuals
completed the AMT-AI, VFT, and questionnaire symp-
tom measures. Participants were reimbursed the equiva-
lent of $15 for their time.

Results

Sample Characteristics

All three groups were matched on age, F(2, 60) = 0.34,
p =.72; verbal fluency, F(2, 60) = 1.67, p = .20; gender,
xX(2) = .87, p = .65; and education level, ¥%(6) = 6.81,
p = .34. Descriptive statistics are presented in Table 1.
As expected, individuals with PTSD demonstrated sig-
nificantly greater PTSD symptoms and depressive symp-
toms than trauma-exposed control participants (p < .001
for both comparisons) and community control partici-
pants (p < .001 for both comparisons). Note that the
mean for the trauma-exposed control group was below
the clinical cutoff (of 31) on the PCL-5 (Bovin et al.,
2016), and no trauma-exposed control participants
scored above 31. There was no significant difference
in depressive symptoms between trauma-exposed con-
trol participants and community control participants,
p = .49.

According to the SCID, seven participants in the PTSD
group met criteria for comorbid major depressive disorder
(one with an additional social anxiety disorder diagnosis),
one met generalized anxiety disorder criteria, and one
self-reported a diagnosis of attention-deficit/hyperactivity
disorder. In the trauma-exposed control participants,
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AMT-S

AMT-R

[ PTSD Group
@ Trauma Control Group
[ Community Control Group

AMT-A

Fig. 1. Mean proportion of memories correctly recalled in the specific (AMT-S), general (AMT-
R), and alternating (AMT-A) blocks of the Autobiographical Memory Test—Alternating Instructions
(AMT-AD. Means are estimated marginal means from main analysis, and error bars indicate +1 SE.

one participant met criteria for major depressive disor-
der, and one met criteria for obsessive compulsive dis-
order. No trauma-exposed participants were receiving
psychological treatment for PTSD.

AMT-AI Performance

A multivariate analysis of covariance examining the pro-
portion of correct responses (see Fig. 1) in the AMT-S,
AMT-R, and AMT-A blocks, with group as a between-
subjects factor and verbal fluency as a covariate, indi-
cated a significant multivariate effect, Wilks’s A = .43,
F(6, 114) = 10.01, p < .001. Note that this multivariate
effect (and between-groups contrasts) remained signifi-
cant when depressive symptoms were also entered as
a covariate, Wilks’s A = .69, F(6, 112) = 3.83, p < .001,
demonstrating that effects are not simply due to comor-
bid depressive symptoms. Results also remained the
same when verbal fluency was not covaried.

For memory specificity, individuals with PTSD dem-
onstrated a lower proportion of correct responses than
both trauma-exposed control participants (p < .001,
d =1.35,95% CI = [0.65, 2.05)) and community control
participants (p < .001, d = 1.53, 95% CI = [0.81, 2.25]) on
the AMT-S block, F(2, 59) = 19.01, p < .001. There was
negligible effect size and no significant difference
between trauma-exposed and community control par-
ticipants (p = .83, d = 0.16, 95% CI = [-0.49, 0.81]). For
memory flexibility, individuals with PTSD also performed

significantly poorer than both trauma-exposed control
participants (p = .006, d = 0.69, 95% CI = [0.04, 1.34])
and community control participants (p < .001, d = 1.59,
95% CI = [0.87, 2.31]) on the AMT-A block, F(2, 59) =
16.27, p < .001.! Trauma-exposed control participants
also significantly differed from community control par-
ticipants (p = .01, d = 1.22,95% CI =[0.51, 01.93D. There
was no significant between-groups effect for perfor-
mance on the AMT-R block, F(2, 59) = 1.55, p = .22.

To determine whether the size of the memory deficit
in individuals experiencing PTSD, relative to commu-
nity control participants, was larger for memory flexibil-
ity compared with memory specificity (as observed in
depressed samples; Hitchcock et al., 2019), we next
assessed the interaction between block (AMT-S, AMT-A)
and group (PTSD, community control) in predicting the
proportion of correct responses (covarying for verbal
fluency). However, no significant interaction was
observed, F(1, 40) = 0.13, p = .72, indicating that our
second hypothesis was not supported.

Discussion

Our findings suggested that relative to community con-
trol participants, Iranian individuals with PTSD after a
road-traffic accident experienced deficits in both auto-
biographical memory specificity (i.e., the ability to
deliberately retrieve specific, single-incident memories)
and memory flexibility (i.e., the ability to move between
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retrieval of specific and general memory types). Con-
trary to our expectations and to previous results in a
depressed sample (Hitchcock et al., 2019), the size of
the effect was similar for specificity and flexibility. Mul-
tivariate analysis indicated that when considered
together, trauma-exposed control participants did not
experience impaired memory specificity relative to the
community sample but did demonstrate reduced mem-
ory flexibility. Together, these findings suggest that
impaired memory specificity may be solely associated
with the experience of PTSD but that trauma exposure
may reduce memory flexibility regardless of subsequent
experience or absence of PTSD. Consideration of a
range of memory retrieval processes is therefore neces-
sary to conceptualize autobiographical memory deficits
in PTSD.

Early reviews indicated that it may be the experience
of psychopathology after trauma, rather than trauma
exposure itself, that is the primary factor leading to
reduced memory specificity (Moore & Zoellner, 2007).
A more recent meta-analysis suggested a moderate,
significant effect size for impaired specificity in indi-
viduals with a trauma history but not PTSD, relative to
control participants (Ono et al., 2016), in comparison
with our observed nonsignificant difference between
trauma-exposed and community control participants.
Our sole recruitment of individuals involved in a single
road-traffic accident may have affected this result. Our
findings of a large effect for the difference in memory
specificity between PTSD and trauma-exposed control
participants, however, was consistent with this previous
meta-analysis (Ono et al., 2016). Our samples were
matched on trauma type, age, gender, education his-
tory, and executive control over verbal information,
offering a well-controlled evaluation of the effects of
trauma exposure as opposed to PTSD on memory spec-
ificity—a limitation of prior research. Multivariate con-
sideration of a range of autobiographical retrieval
processes, rather than specificity alone, is also a distinc-
tive feature of our study that may have affected results.
Our findings reiterate findings from previous longitu-
dinal studies (e.g., Kleim & Ehlers, 2008), which suggest
that the presence of reduced memory specificity is a
cognitive marker able to identify individuals most likely
to develop PTSD after trauma. In contrast, current
results suggest that measurement of memory flexibility
is unlikely to differentiate between individuals with and
without PTSD after trauma. Assessment of memory
specificity, rather than memory flexibility, may therefore
offer clearer implications when screening for PTSD.

However, impaired flexibility of autobiographical
memory retrieval is likely to have important implica-
tions for treatment of PTSD, or indeed other mental
health concerns (e.g., depression) that commonly
emerge after trauma. Theoretical frameworks suggest

that autobiographical memories form the foundation of
self-beliefs (Conway & Pleydell-Pearce, 2000), and it
has been previously demonstrated that the ability to
move between specific and general representations of
the past underlies the constraint of self-beliefs in
healthy and depressed samples (see Hitchcock, Rees,
& Dalgleish, 2017). Impaired ability to move away from
generalized summaries of the past, and toward specific
event memories, may therefore support overgeneralized
beliefs in emotional disturbance (see also Askelund,
Schweizer, Goodyer, & van Harmelen, 2019). Overgen-
eralized negative beliefs about the self and world after
trauma are a key target of psychological interventions.
For example, CBT seeks to challenge the generalization
of beliefs (e.g., the world is unsafe) and constrain nega-
tive appraisals to specific contextual situations in which
they are appropriate (e.g., some people may drive
erratically). Improving memory flexibility after trauma
may therefore assist efforts to counter generalized
(trauma-related) appraisals.

Our results support the future evaluation of autobio-
graphical memory-based interventions in PTSD. Evi-
dence for the efficacy of memory specificity training is
promising. However, our results suggest that targeting
broader autobiographical retrieval processes, particu-
larly the ability to move flexibly between memory
types, may more comprehensively target the mechanism
of action. To this end, MemFlex seeks to improve the
deliberate retrieval of all memory types, particularly
those that are positive in emotional valence (Hitchcock
et al., 2016). The intervention has shown promising
effects in depressed samples (Hitchcock et al., 2018),
and a pilot trial is currently under way in Iran to evalu-
ate MemFlex in individuals with PTSD (clinicaltrials.gov
identifier NCT03634709). Our results also suggest that
the MemFlex intervention may be useful for other clini-
cal populations who have experienced trauma (e.g.,
psychosis, as evaluated by Edwards, Garety, & Hardy,
2020) but not developed PTSD. Further evaluation of
memory flexibility in other trauma-exposed populations
is warranted.

Limitations to our study include measurement of just
one aspect of executive function, recruitment after a
single traumatic event, and recruitment of just one
trauma type. We also recruited a modest sample size,
although we did achieve adequate statistical power. Our
results therefore require replication in a larger sample
of individuals with more diverse and repeated trauma
histories, although it is interesting that a single trau-
matic event was enough to produce a relatively durable
impact on multiple aspects of autobiographical mem-
ory. All PTSD participants were also within 18 months
of the index trauma, and thus effects may differ in
individuals with chronic PTSD. However, these sample
characteristics did allow us to recruit a well-matched
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trauma-exposed control group, which is a strength of
the study and increases confidence in conclusions
regarding the effects of PTSD as opposed to trauma
exposure on autobiographical memory retrieval. To this
end, our findings have suggested that PTSD is charac-
terized by both reduced specificity and flexibility in
retrieval of autobiographical memories. Given that
these results replicate results found in depressed sam-
ples, our findings support future evaluation of impaired
autobiographical memory retrieval as a transdiagnostic
indicator of emotional disturbance.
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Note

1. To ensure that the effect on memory flexibility was not driven
solely by a reduced ability to retrieve specific memories, we
examined the proportion of correct responses separately for
specific and general memory trials of the AMT-A block. We did
observe a significant effect of memory type (p = .03), whereby
all groups were worse at retrieval of specific memories relative
to general memories. We also observed a significant effect of
group (p < .001), whereby individuals with PTSD performed
most poorly for both memory types. We did not, however,
observe an interaction between group and memory type (p =
.22), which suggests that poorer performance on the AMT-A

block by the PTSD group was not solely driven by poor perfor-
mance on the specific trials.
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