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Traumatic Stress Is Linked to a Deficit in Associative
Episodic Memory

Jonathan Guez
Soroka University Medical Center and Achva Academic College

Moshe Naveh-Benjamin
University of Missouri

Yan Yankovsky
Soroka University Medical Center

Jonathan Cohen
Ben-Gurion University of the Negev

Asher Shiber and Hadar Shalev
Soroka University Medical Center

Individuals with posttraumatic stress disorder (PTSD) are haunted by persistent memories of the trauma, but
ironically are impaired in memories of daily life. The current set of 4 experiments compared new learning and
memory of emotionally neutral content in 2 groups of patients and aged- and education-matched controls: 20
patients diagnosed with chronic posttraumatic stress disorder (C-PTSD) and 20 patients diagnosed with acute
stress disorder (ASD). In all experiments, participants studied a list of stimuli pairs (words or pictures) and were
then tested for their memory of the items, or for the association between items in each pair. Results indicated that
both types of patients showed associative memory impairment compared to a control group, although their item
memory performance was relatively intact. Potential mechanisms underlying such associative memory deficits in
posttraumatic patients are discussed.

Posttraumatic stress disorder (PTSD) is a chronic disorder
that may develop following traumatizing life events and is char-
acterized by reexperiencing of the trauma, avoidance, and hy-
perarousal (American Psychiatric Association, 1994). Many stud-
ies have demonstrated that alongside persistent traumatic mem-
ories related to events that happened in a particular time and
place, traumatized patients may show impairment in remember-
ing aspects of the trauma and fear-related stimuli (reviewed in
McNally, 1999). Interestingly, some studies show that these im-
pairments extend to non-trauma related everyday memory (Wolfe
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& Charney, 1991). Thus, persons suffering from PTSD are of-
ten betrayed by their memory, remembering what they yearn
to forget while failing with those memories important for daily
living.

Studies testing nontrauma-related episodic memory perfor-
mance (the remembering of details that happened in a particular
time and place, e.g., at the festive dinner last Saturday) indicate an
overall decline in PTSD patients. A recent meta-analysis by Brewin
and colleagues (Brewin, Kleiner, Vasterling, & Field, 2007) that
included 27 studies investigating verbal or visual memory for emo-
tionally neutral information in PTSD and healthy controls, con-
cluded that memory impairment in PTSD appears to be robust.
The deficit in episodic memory appears to be stronger for verbal as
compared with visuospatial memory tasks. However, these studies
have not analyzed the specific locus of the episodic memory deficits
in PTSD patients.

In the current research we seek to elucidate the locus of the
episodic memory deficits for nontrauma-related events. We sug-
gest that one possibility is that the core PTSD symptoms reflected
in inappropriate associative coupling, which might be responsible
for the tendency to overgeneralize from traumatic cues to un-
related neutral ones or for the appearance of intrusive thoughts
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with benign stimuli (see Ehlers & Clark, 2000), may be related
to fundamental deficits in associative memory in these patients.
These deficits may be manifested in a more general tendency to
mistakenly associate unrelated stimuli, including neutral ones. To
assess these potential general associative episodic memory deficits,
we used tasks that allowed us to measure memory for the com-
ponents of an event as well as for the association between these
components to find out whether PTSD patients have a dispropor-
tional deficit in memory for the latter.

As mentioned above, inappropriate associative coupling in
PTSD may be responsible for the tendency to overgeneralize from
traumatic cues to unrelated neutral ones (Ehlers & Clark, 2000).
Indeed, patients suffering from PTSD have been shown to be
more susceptible to conditioning when compared to healthy in-
dividuals exposed to a potentially traumatizing event (Orr et al.,
2000). Increased susceptibility to conditioning may be related to
a more general tendency to mistakenly associate unrelated stim-
uli, which in turn would present as an abnormality in associative
memory, specifically an increase in false associations. Although
there have been a few studies that have looked at associative mem-
ory in PTSD patients, none of them assessed the specificity of this
deficit in nontrauma-related stimuli. For example, a study using
functional magnetic resonance imaging (fMRI; Geuze, Vermetten,
Ruf, de Kloet, & Westenberg, 2008) showed a poorer performance
of these patients in a cued-recall task, which was associated with
altered activity in fronto-temporal areas during both encoding and
retrieval. However, declines in cued recall (where the A compo-
nent is given as a cue to recall the B component) can be due to
either a decline in the ability to create associations between the
two components tested (A and B), or to a decline in the ability to
recall the B component. In the following reported studies, we em-
ployed a paradigm that allowed the direct independent assessment
of memory for component (item) and associative information to
assess whether the locus of the memory deficits in PTSD patients
is indeed associative in nature.

To assess the effects of acute versus chronic traumatic stress on
component (item) and associative memory and to address method-
ological problems characterizing PTSD research, we also examined
patients with acute stress disorder (ASD). We added a group of
ASD patients because their symptoms show greater homogeneity
than the chronic PTSD (C-PTSD) group.

Acute stress disorder presents the full PTSD spectrum, but dif-
fers from PTSD with respect to time course. Acute stress disorder
occurs within 4 weeks of the traumatizing event and lasts between
2 days and 4 weeks, whereas PTSD occurs after 1 month and lasts
for 3 months or more. Approximately 50% of ASD patients go on
to develop PTSD (Bryant, Creamer, O’Donnell, Silove, & Mc-
Farlane, 2008). Acute stress disorder is thus phenomenologically
and etiologically similar to PTSD. Patients with ASD may serve
as a model for the acute effects of trauma and do not manifest
long-term effects resulting from chronic stress as may be evident
in PTSD. Thus, ASD patients may comprise a comparison group

for PTSD in evaluating the effects of acute versus chronic stress
on trauma-related cognitive disturbances.

Acute stress disorder has the additional benefit of reducing
methodological problems that beset empirical studies of PTSD
patients. The most notable confounding factor in PTSD patients
is that of comorbidity (Danckwerts & Leathem, 2003) with de-
pression, anxiety, panic, and other mental disorders, all of which
are characterized by specific information processing and memory
deficits (Williams, Watts, McLeod, & Matthews, 1997). Another
methodological constraint is the wide variation in the population
with regard to time elapsed since the trauma. Finally, medications
used by many participants to treat PTSD-related symptoms may
cause changes in cognition that are not strictly related to PTSD
(Savic, Obradovic, Ugresic, & Bokonjic, 2005). These method-
ological problems make it difficult to draw firm conclusions regard-
ing the effects of traumatic stress on cognition and memory (e.g.,
Isaac, Cushway, & Jones, 2006; Danckwerts & Leathem, 2003, for
reviews). To solve these problems, in the ASD group we included
only those without any current or prior psychopathology, in whom
no comorbidities had yet developed, where the time from trauma
was relatively homogeneous and short, and in whom medical treat-
ment had not been initiated during the period of assessment.

We conducted four experiments comparing groups of either
chronic PTSD or ASD patients to matched healthy controls in
a paradigm directly assessing memory for item and associative
information for word and picture stimuli. In Experiments 1 and
3 we employed word pairs. However, because pictorial stimuli
are usually remembered better than word stimuli, suggesting less
effortful encoding and retrieval processes for pictures (e.g., Keitz
& Gounard, 1976), the use of the former may make it easier to
create associations. Thus, we chose to assess an associative deficit
in Experiments 2 and 4 with pictorial stimuli in addition to the
one based on more verbal and effortful processing (Experiments 1
and 3).

We hypothesized that a general associative deficit of episodic
memory in posttrauma would emerge, irrespective of time from
trauma. Thus, our main hypothesis was that patients with PTSD
or ASD would show intact item but deficient associative memory
as compared with healthy controls.

M E T H O D

Participants
Forty adults participated in Experiments 1 and 2: 20 C-PTSD
outpatients and 20 healthy matched controls for age and edu-
cation. The 20 outpatients met DSM-IV diagnostic criteria for
C-PTSD, had experienced a life-threatening traumatic event 6-
36 months earlier, and were treated at the trauma outpatient clinic
of the Soroka University Medical Center (SUMC) psychiatry
department. All patients (PTSD and ASD) were diagnosed by
a board-certified psychiatrist and the diagnosis was confirmed
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clinically. Participants were excluded if they had preexisting psy-
chiatric or neurological disorders.

Control subjects were recruited from the community; all were
employed and self-reported intact everyday functioning, no expo-
sure to traumatizing events in the past 3 years, and no disabilities
or disorders. The mean years of age of those with C-PTSD, 34.1
(SD = 9.2) did not differ from controls, 30.3 (8.3); t(38) = 1.40,
ns. Years of education, 13.1 (1.5) and 13.7 (1.7), for C-PTSD and
controls, respectively, also did not differ, t(38) = 1.27, ns.

Forty adults participated in Experiments 3 and 4: 20 with ASD
and 20 controls matched for age and education. The ASD partici-
pants had experienced a traumatizing life event within the 3 weeks
prior to testing, had been admitted to a medical emergency depart-
ment after the traumatizing event, met DSM-IV diagnostic criteria
for ASD via telephone screening within 2–3 days, and had com-
pleted a comprehensive psychiatric interview. A formal psychiatric
assessment to rule out the existence of comorbid conditions was
performed by a skilled psychiatrist using the Mini-International
Neuropsychiatric Interview (MINI), a brief, structured interview
designed to assess the presence of Axis I psychiatric disorders (Shee-
han et al., 1998). Also, patients who were currently using psychi-
atric medications were excluded except those who received ben-
zodiazepines in the emergency room which were taken no more
than 3 days before the study. Participants were excluded if they
initiated medications for treatment of traumatic symptoms, had
suffered severe physical injury, reported preexisting psychiatric or
neurological disorders, or were taking prescription or illicit drugs
affecting the central nervous system. Inclusion and exclusion cri-
teria for healthy controls were the same as above. The mean years
of age of those with ASD, 37.2 (SD = 9.4) did not differ from
controls, 34.1 (10.8); t(38) = 0.96, ns. Years of education, 13.2
(2.3) and 13.3 (1.7), for C-PTSD and controls, respectively, also
did not differ, t(38) = 0.15, ns.

Stimuli and Procedure
The institutional review board at Soroka University Medical Cen-
ter approved the study. All participants gave their written informed
consent for study participation.

In each of the four experiments in this study, we used a proce-
dure to test for specific impairments in associative memory applied
previously by authors of this study (e.g., Naveh-Benjamin, Guez,
& Marom, 2003). This procedure included a learning phase and
two memory tasks: item recognition and associative recognition.
The order of the stimuli lists used during learning and tests was
counterbalanced in each experiment.

Participants studied a list of 19 unrelated emotionally neutral
pairs, comprising either 38 words (Experiments 1 & 3) or pictures
(Experiments 2 & 4). Stimuli were compiled from high-frequency
common Hebrew nouns of unrelated objects like “lemon-tractor”
(Balgur, 1968). Stimuli within each pair were unrelated visually,
semantically, or auditorily. For each list, the participants viewed

19 (word or picture) pairs on a 17-inch computer monitor, one at
a time, at a rate of 4 seconds per pair. Learning was intentional,
and participants were instructed to try to learn both the individ-
ual stimuli and the pairs for the upcoming item and associative
recognition tasks. The learning phase was followed by a 30-second
interpolated activity to eliminate recency effects on memory. Par-
ticipants counted backward in sevens from a randomly selected
number that appeared on the computer screen.

In the item recognition task, participants viewed 12 stimuli
(words or pictures) on the computer screen, one at a time. Of
these, six were targets (original stimuli that had appeared on the
screen during the study phase, derived randomly from six different
pairs studied), and six were lures (had not appeared in the study
phase), mixed randomly. The participants were informed that the
list included targets and lures, and they were instructed to respond
to each stimulus on the keyboard with a designated “yes” key for
targets and a “no” response key for lures.

In the associative recognition task, participants viewed 12 stim-
uli pairs (word or pictorial) on the monitor, one at a time. Six of
these were intact pairs from the study phase. The other six pairs
were rearranged pairs; that is, all the items had appeared in the
study phase, but the items were now recombined into novel (lure)
pairs. The participants were informed that the list included intact
and recombined pairs of stimuli, and were instructed to respond
on the yes key for intact pairs (targets), and on the no key for the
recombined pairs (lures).

To assess differences between the item and associative recogni-
tion tasks, we computed a measure based on the percentage of hits
minus the percentage of false-alarms (a hit defined as responding
yes to a target and a false alarm defined as responding yes to a lure)
for each participant and experiment. This measure of memory
accuracy equated the scales for the item and the associative recog-
nition tasks, with chance level performance at 0.00 and perfect
performance at 1.00, and is monotonically related to the d′ sig-
nal detection measure (Pollack & Norman, 1964). A preliminary
analysis of variance (ANOVA) yielded no main effect or interac-
tion effect for order of task administration or for gender with any
of the independent variables; thus, in the reported analyses for
all experiments, performance was collapsed across gender and the
different orders.

R E S U L T S
Two independent variables were used: a between-subjects factor
(Group: C-PTSD/controls), and a within-subjects factor (Task:
item/associative recognition).

Experiment 1
To assess overall memory accuracy performance, the mean pro-
portion of hits and false alarms for each group and task can be
seen in Table 1. To specifically address the hypothesis tested in
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Table 1. Means and Standard Deviations for Proportion of Hits and False Alarms in the Chronic-PTSD and Control Groups
in Memory Experiments 1 and 2

Group

Chronic-PTSD Control
n = 20 n = 20

M SD M SD

Experiment 1

Item memory for words proportion hits .66 .21 .76 .17
proportion false alarms .20 .15 .14 .11

Associative memory for words proportion hits .64 .20 .73 .22
proportion false alarms .48 .21 .20 .16

Experiment 2

Item memory for pictures proportion hits .80 .17 .86 .14
proportion false alarms .13 .16 .06 .65

Associative memory for pictures proportion hits .81 .17 .87 .17
proportion false alarms .48 .24 .17 .14

Note. PTSD = posttraumatic stress disorder.

this experiment, we computed a 2 (group) × 2 (task) ANOVA for
memory accuracy (proportion hits minus proportion false alarms).
Results (Figure 1A) indicated a significant main effect of group,
F (1, 38) = 15.44, p < .001, η2

p = .29, where the control group
remembered word stimuli better than the C-PTSD group. The
effect of task was also significant, F (1, 38) = 18.56, p < .001,
η2

p = .33, with performance on the item task surpassing perfor-
mance on the associative task. More importantly, the interaction
of the two variables was significant, F (1, 38) = 6.29, p = .016,
η2

p = .14. This reflects the fact that C-PTSD participants were
disproportionately impaired on the associative task relative to their
performance on the item task compared with the control group.
Follow-up planned comparisons between the two tasks in each
group showed no significant differences between performance on
the two memory tasks in controls, F (1, 38) = 1.61, p = .21,
η2

p = .04; however, a significant difference emerged between the
two tasks in C-PTSD, F (1, 38) = 23.2, p < .001, η2

p = .38 (see
Figure 1A).

As the overall memory performance indicated a large decline
in the C-PTSD group’s associative but not item recognition, we
continued to assess whether this decline resulted from a decrease
in hits, an increase in false alarms, or both. To achieve this we
computed a 3-way ANOVA with 2 (group: C-PTSD vs. controls)
× 2 (task: item vs. associative) × 2 (responses: hits vs. false alarms).
The results indicated a significant triple interaction, F (1, 38) =
6.07, p = .018, η2

p =.14. Further analyses showed a nonsignificant
interaction between group and task on the hits measure (F < 1),
but a significant interaction between group and task on the false-
alarm responses, F (1, 38) = 10.67, p < .001, η2

p = .22. Follow-up

contrast analysis on the significant 2-way interaction showed that
whereas the two groups did not differ from each other on false
alarms for the item task, F (1, 38) = 1.59, p = .21, η2

p = .04, a
significant difference did emerge between the two groups on false
alarms for the associative task, F (1, 38) = 22.2, p < .001, η2

p
= .37, reflecting a higher false-alarm rate in the C-PTSD group.
These results indicate that the associative memory deficits shown
by C-PTSD patients stemmed from a relative increase in false
alarms when responding to rearranged pairs, rather than from a
decrease in hit rates when responding to intact pairs (Table 1).

Experiment 2
To generalize the results of Experiment 1 to other stimuli we em-
ployed an identical procedure replacing the word stimuli with
pictorial ones that are less demanding and more easily encoded
relative to printed words (Foos & Goolkasian, 2005). Pictorial
stimuli have also been suggested to have the benefit of reduc-
ing false recognition (Israel & Schacter, 1997); hence, we wanted
to assess whether the associative abnormality presented for word
stimuli would persist for pictorial stimuli.

Table 1 depicts the mean proportion of hits and false alarms.
Results (proportion hits minus false alarms measure, Figure 1B)
indicated a significant main effect of group and task, F (1, 38) =
10.55, p < .001, η2

p = .22, and F (1, 38) = 21.97, p < .001,
η2

p = .37, respectively, replicating the above-mentioned results.
The interaction of the two variables was significant, F (1, 38) =
8.69, p < .001, η2

p = .19, reflecting the fact that C-PTSD par-
ticipants were disproportionately impaired on the associative task
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Figure 1. Mean word memory (A) and picture memory (B) in the item and the associative recognition tasks for the chronic posttraumatic
stress disorder and control groups in Experiments 1 and 2. The measure used is the proportion of hits minus the proportion of false alarms,
and the error bars represent the standard deviation.

versus item task compared with controls. Follow-up comparisons
showed no significant differences between performance on the two
memory tasks in controls, F (1, 38) = 1.51, p = .22,η2

p = .038;
however, a significant difference emerged between the two tasks in
C-PTSD, F (1, 38) = 29.15, p < .001, η2

p = .43. When compar-
ing the two groups, no significant differences emerged for the item
task, F (1, 38) = 1.98, p = .16, η2

p = .05, whereas a significant
difference emerged for the associative memory task, F (1, 38) =
15.84, p < .001, η2

p = .29 (Figure 1B and Table 1).
As in Experiment 1, we computed a 3-way ANOVA with 2

(group) × 2 (task) × 2 (responses: hits vs. false alarms). The
results indicated a significant triple interaction, F (1, 38) = 8.81,
p = .005, η2

p =.19. Further analyses showed a nonsignificant
interaction between group and task on the hits measure (F < 1),
but a significant interaction between group and task on the false
alarms measure, F (1, 38) = 12.56, p = .001, η2

p = .25. Follow-up
contrast analysis showed that whereas the two groups did not differ
on false alarms for the item task, F (1, 38) = 3.3, p = .08, η2

p = .08,
a significant difference did emerge for the associative task, F (1, 38)
= 24.2, p < .001, η2

p = .39, reflecting a higher false-alarm rate in
C-PTSD. These results replicated the findings of Experiment 1 for
word stimuli demonstrating an associative memory deficit in C-
PTSD patients stemming from a relative increase in false alarms.
The persistent associative memory abnormality with the use of
pictorial information, which is usually easier to remember, suggests
a robust deficit.

Experiment 3
Our results so far indicated a specific deficit in associative mem-
ory in patients suffering from C-PTSD. To eliminate possible
confounding factors in PTSD patients precluding unequivocal
conclusions regarding a link between traumatic stress and mem-
ory impairment, we repeated Experiments 1 and 2 in a group of
patients suffering from drug naı̈ve ASD and matched controls.

In Experiment 3, word stimuli were employed. Two inde-
pendent variables were used: a between-subjects factor (Group:
ASD/controls), and a within-subjects factor (Task: item/associative
recognition).

Table 2 depicts the mean proportion of hits and false alarms
for each group and task. We computed a 2 (group) × 2 (task)
ANOVA for the proportion hits minus proportion false alarms
measure. Results of the main effects of group and task, F (1, 38)
= 7.45, p = .009, η2

p = .16, and F (1, 38) = 17.47, p < .001,
η2

p = .31, respectively, and the interaction replicate Experiment 1
and 2 patterns. The significant interaction, F (1, 38) = 5.23,
p = .027, η2

p = .12, reflects the fact that ASD participants were
disproportionately impaired on the associative task versus the item
task, compared with the control group. Follow-up comparisons
between the two tasks in each group showed no significant differ-
ences between performance on the item and associative memory
tasks in the control group, F (1, 38) = 1.79, p = .19, η2

p = .045;
however, a significant difference emerged between the two tasks
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Table 2. Means and Standard Deviations for Proportion Hits and Proportion False Alarms in the ASD and Control Groups
in Memory Experiments 3 and 4

Group

ASD Control
n = 20 n = 20

M SD M SD

Experiment 3
Item memory for words proportion hits .66 .19 .77 .14

proportion false alarms .20 .16 .27 .20
Associative memory for words proportion hits .52 .17 .69 .25

proportion false alarms .45 .21 .29 .23
Experiment 4

Item memory for pictures proportion hits .78 .18 .90 .11
proportion false alarms .14 .13 .12 .12

Associative memory for pictures proportion hits .78 .16 .86 .12
proportion false alarms .47 .21 .24 .20

Note. ASD = acute stress disorder.

in the ASD group, F (1, 38) = 20.90, p < .001, η2
p = .35 (see

Figure 2A).
To assess whether the above differential decline resulted from

a decrease in hits, an increase in false alarms, or both, a 3-way

Figure 2. Mean word memory (A) and picture memory (B) in the item and the associative recognition tasks for the acute stress disorder
and control groups in Experiments 3 and 4. The measure used is the proportion of hits minus the proportion of false alarms, and the error
bars represent the standard deviation.

ANOVA indicated a significant triple interaction, F (1, 38) =
5.23, p = .02, η2

p = .12. Further analyses showed a nonsignificant
interaction between group and task on the hits measure (F <

1), but a significant interaction between group and task on the
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false-alarms measure, F (1, 38) = 12.84, p < .01, η2
p = .25.

Follow-up contrast analysis showed that whereas the two groups
did not differ on false alarms for the item task, F (1, 38) = 1.35,
p = .35, η2

p = .03, a significant difference did emerge on false
alarms for the associative task, F (1, 38) = 5.40, p = .02, η2

p =
.14. These results show that associative memory deficits shown
by ASD patients stemmed from a relative increase in false alarms
when responding to rearranged pairs, rather than from a decrease
in hit rates when responding to intact pairs, thus, replicating the
results of C-PTSD patients in Experiment 1.

Experiment 4
To verify that ASD patients show a specific associative mem-
ory deficit as well as to probe this deficit further, we next used
the pictorial version of the memory task, as administered in
Experiment 2.

Hits and false alarms rates for each group and task can be seen
in Table 2. Results of the 2-way ANOVA conducted on the hits
minus false alarms measure (Figure 2B) indicated a significant
main effect of group and task, F (1, 38) = 14.21, p < .001,
η2

p = .27, and F (1, 38) = 33.08, p < .001, η2
p = .46, respectively.

The interaction of the two variables was significant, F (1, 38) =
4.20, p = .04, η2

p = .10. Follow-up comparisons between the two
groups yielded no significant differences for the item task, F (1,
38) = 3.26, p = .08, η2

p = .07, whereas a significant difference
emerged for the associative memory task, F (1, 38) = 18.78, p <

.001, η2
p = .33 (see Figure 2).

Results of a 3-way ANOVA with 2 (group) × 2 (task) ×
2 (responses: hits vs. false alarms), indicated a significant triple
interaction, F (1, 38) = 4.2, p = .047, η2

p = .10. Further
analyses showed a nonsignificant interaction between group and
task on the hits measure, F (1, 38) = 1.09, p = .30,η2

p =
.03; however, a significant interaction emerged between group
and task on the false-alarms measure, F (1, 38) = 9.70, p =
.003, η2

p = .20. Follow-up contrast analysis showed that whereas
the two groups did not differ on false alarms for the item
task (F < 1), a significant difference did emerge on false
alarms for the associative task, F (1, 38) = 11.3, p = .002,
η2

p = .23.

D I S C U S S I O N
The four experiments reported in this article aimed to test the
hypothesis that traumatic stress is linked to a deficit in associa-
tive memory. We demonstrated a specific and similar impairment
in associative memory in patients with C-PTSD and those with
ASD, originating from an increase in mistaken associations be-
tween unassociated items, in line with our hypothesis.

The present results cannot be interpreted as a simple case of
cognitive overload or attentional deficit related to trauma, as some

may claim in light of studies suggesting attention deficits in PTSD
(reviewed in Isaac et al., 2006). First, previous studies that directly
manipulated attention have shown that both memory tasks em-
ployed in the present study (item and associative) are similarly
dependent on attention (e.g., Naveh-Benjamin et al., 2003). Fur-
thermore, we found a similar (∼30%) associative deficit in post-
traumatic patients when employing pictorial stimuli as compared
to the more demanding word stimuli, though overall accuracy of
performance for both item and associative memory was enhanced
for pictorial stimuli. This suggests that the observed impairment
in associative memory is unrelated to task difficulty.

Our findings of specific associative memory impairment in
C-PTSD and ASD, whereas memory for the components (items)
of the pairs remained intact seems to be related mostly to a tendency
to erroneously endorse rearranged pairs, as reflected by the high
false-alarm rate on the associative task.

Such a tendency could be interpreted in terms of the dual
process theory of memory (e.g., Jacoby, 1998). According to this
theory, two basic processes serve memory retrieval, one involv-
ing familiarity (e.g., noticing that someone you see looks famil-
iar), and the other involving recollection (e.g., being able to re-
member under what circumstances you have seen this person). In
our paradigm, item recognition may rely on both familiarity and
recollective experiencing, whereas associative recognition domi-
nantly relies on recollective processes because all the paired items—
intact and recombined—are familiar (all appeared during the study
phase). The fact that posttraumatic patients show a tendency to
mistakenly identify rearranged pairs as if they were original pairs
points to a specific impairment in recollection, with an increased
reliance on familiarity. Such results are in line with neuropsycho-
logical and neuroimaging studies indicating that familiarity and
recollection rely on partially distinct neural substrates, with recol-
lection relying on the hippocampus and prefrontal cortex, whereas
familiarity relies on regions surrounding the hippocampus (e.g.,
the parahippocampal gyrus; Yonelinas, 2002).

We suggest that this general pattern of cognitive processing
deficit may be specifically enhanced in trauma-related stimuli and
linked to posttrauma symptoms. The dominant familiarity process
when analyzing the environment may lead to overgeneralization.
For the trauma survivor, everything may look familiar and be
overlinked to the traumatizing event, which in turn may cause
more false-alarm responses (e.g., taking cover in response to a
slamming door due to an association with gunfire). This in turn
may lead to general avoidance (e.g., of noisy situations).

The use of the two patient groups may resolve two issues. First,
ASD patients lack many confounding factors exhibited by PTSD
patients that previously limited researchers’ ability to link findings
specifically to traumatic stress. Having replicated the C-PTSD
group’s associative memory impairment in ASD, we suggest that
this deficit is unrelated to the heterogeneous time elapsed since
trauma, to the psychiatric comorbidities, or to the medication use.
Second, the similar memory pattern in ASD and C-PTSD implies a
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deficit independent of chronic posttraumatic processes; rather, the
deficit may stem from a time-independent effect of traumatic stress
or may reflect a preexisting cognitive predisposition to maladaptive
stress responses enabled by poor associative memory.

This study raises a further question of whether posttraumatic
patients suffer from a deficit in other types of associative memory
tasks, e.g., those related to source memory. For example, would
posttraumatic patients be deficient in their ability to remember
who said what, or who did what? Our results imply that post-
traumatic patients will indeed be impaired in source memory as
well.

Despite the significant findings of the present study, several
limitations should be acknowledged. First, the PTSD group was
very heterogeneous with participants differing in medications, time
since the traumatizing event, and comorbidities. Second, this study
did not use a matched control group in age and education which
experienced a traumatic event but did not develop PTSD/ASD.
Yet, it should be noted that these effects are less likely to ex-
plain memory deficit (see meta-analysis by Brewin et al., 2007).
We believe that despite these limitations, the overall picture, in-
cluding the pattern of the results from the ASD group, leads to
the conclusion regarding an associative deficit in posttraumatic
patients.

To summarize, this study extended the conditions under which
posttraumatic patients exhibit an episodic memory deficit for emo-
tionally neutral stimuli. Patients suffering from C-PTSD or ASD
exhibited a marked impairment in their associative memory for
new information learned after the traumatizing event, although
their item memory was intact. In addition, their tendency to falsely
associate unrelated stimuli may explain the aberrant association-
conditioning seen in ASD and PTSD patients between their trau-
matizing exposure and seemingly neutral stimuli resulting in in-
appropriate and distressing responses.
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