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Memories and decision-making surrounding trauma are 
important for understanding the nature of posttraumatic 
stress disorder (PTSD) and related symptoms. There is 
evidence for disruptions in the management of autobio-
graphical memory content in PTSD (Brewin, 2003; 
McNally et al., 1994, 1995), but it remains less clear how 
specific cognitive processes supporting memory func-
tion are tied to the symptoms of PTSD. Given disparities 
between rates of trauma exposure (≈50%–60%) and 
lifetime prevalence of PTSD (≈8%; Kilpatrick et  al., 
2013), individual differences in particular aspects of 
memory formation and retrieval may play a role in how 
trauma can lead to chronic posttraumatic stress symp-
toms. In this study of previously deployed U.S. military 
veterans, we investigated functions that support verbal 

memory and tested whether deficits in specific cogni-
tive processes were associated with particular types of 
PTSD symptoms.

Individuals with PTSD commonly describe troubles 
with cognitive functioning (American Psychiatric Associa-
tion, 2013; Binder et al., 1999; Jacobs & Iacopino, 2001), 
and several meta-analyses of PTSD have revealed impair-
ments across most performance-based neuropsychologi-
cal tests (Brewin et  al., 2007; Johnsen & Asbjørnsen, 
2008; Polak et  al., 2012). Verbal memory, processing 
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Abstract
Among individuals with posttraumatic stress disorder (PTSD), verbal learning and memory are areas of weakness 
compared with other cognitive domains (e.g., visuospatial memory). In this study, previously deployed military veterans 
completed clinical assessments of word memory and vocabulary (n = 243) and a laboratory task measuring encoding, 
free recall, repetition priming, and recognition of words (n = 147). Impaired verbal memory was selectively related to 
reexperiencing symptoms of PTSD but was not associated with other symptom groupings or blast-induced traumatic 
brain injury. Implicit priming of response times following word repetition was also unrelated to clinical symptoms. 
Instead, slowed response times during encoding explained associations between reexperiencing and memory 
performance. These findings are consistent with alterations in attentional control explaining PTSD-related verbal-
memory deficits. Such findings have implications for understanding trauma-focused psychotherapy and recovery, 
which may depend on efficient attentional processing of words to alter posttraumatic reexperiencing symptoms.
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speed, and attention/executive functioning are areas 
of weakness relative to visuospatial functioning and 
visual memory domains (Scott et al., 2015). Specifically, 
initial verbal learning as well as later verbal recall after 
extended retention periods are often impaired in PTSD. 
In addition, verbal learning deficits appear to increase 
in proportion to the overall severity of posttraumatic 
stress symptoms and cannot be accounted for by expo-
sure to past trauma alone (i.e., not present among 
trauma-exposed control participants; Scott et al., 2015), 
which suggests that impaired verbal performance may 
be important to the formation and maintenance of 
symptoms. One possibility is that in the months and 
years after psychological trauma, individuals with 
greater posttraumatic stress symptoms may experience 
fundamental cognitive inefficiencies when initially 
learning and encoding verbal material ( Johnsen & 
Asbjørnsen, 2009). Rather than a selective problem with 
retention or recall affecting memory retrieval only, 
attentional disruption during initial encoding may be 
the key feature of impaired verbal memory among this 
clinical population.

During learning paradigms, implicit memory is acti-
vated in parallel with explicit memory processes 
(Donaldson et al., 2001; Squire & Knowlton, 2000). In 
practical terms, implicit memory facilitates a gist-level 
familiarity for previously presented stimuli, which 
enables more effective behavioral responding without 
evoking full conscious recollection. Several theoretical 
models predict preserved or even enhanced implicit 
memory functioning among individuals with PTSD 
(Brewin, 2014; Ehlers & Clark, 2000), but these predic-
tions are difficult to directly evaluate. Implicit memory 
is usually inferred according to differences in uncued 
free-recall and cued-recognition performance. How-
ever, recognition tasks are generally easier than free-
recall tasks and poorly separate explicit and implicit 
memory within conventional memory instruments. 
Using response times (RTs) during word tasks without 
explicit memory requirements is a more direct means 
of assessing implicit memory (Marsolek, 2003; Wagner 
& Koutstaal, 2002). Responses will generally be faster 
for recently processed words compared with new words 
because of implicit memory. This approach has been 
employed to evaluate implicit memory among people 
with schizophrenia (Sponheim et  al., 2004). Similar 
evaluations for individuals with PTSD symptoms could 
test a potential mechanistic role of automatic implicit 
processes for verbal-memory impairments.

The heterogeneity of PTSD symptoms adds addi-
tional complexity when studying memory deficits. PTSD 
symptoms span a wide range of emotional and behav-
ioral experiences and often present on a continuum 
across individuals with and without the categorical 

diagnosis of PTSD (Ruscio et al., 2002). An exclusive 
focus on categorical definitions of PTSD may obscure 
which symptom domains are predictive of functional 
outcomes and limit statistical power for detecting asso-
ciations with cognitive mechanisms (Cuthbert, 2005; 
Grove, 1991). Factor analyses suggest the existence of 
separate PTSD symptom dimensions: intrusive reexpe-
riencing, avoidance, dysphoric mood, and hyperarousal 
(Yufik & Simms, 2010), which appear to more closely 
track with brain-based systems than the PTSD diagnosis 
alone (Lieberman et al., 2017; Marquardt et al., 2018, 
2021). Therefore, investigating how specific symptom 
dimensions of PTSD map onto memory deficits may 
clarify what aspects of the disorder relate to the con-
solidation and retrieval of verbal material.

For some individuals, traumatic events can lead to 
especially complex effects on functioning. People expe-
riencing significant PTSD symptoms often meet criteria 
for other psychiatric diagnoses (Brady, 1997) and fre-
quently report physical injuries sustained from trau-
matic experiences (Blanchard et al., 1995; Rasmussen 
et al., 2007). For recent U.S. military service members, 
mild traumatic brain injuries (mTBIs) associated with 
wartime explosive blasts are common (Warden, 2006). 
Blast exposures powerful enough to induce brain injury 
often are psychologically traumatic, which contributes 
to confusion regarding the exact origin of dysfunction 
after deployment (Hoge et  al., 2008; Kennedy et  al., 
2007; Vanderploeg et  al., 2009). Veterans with blast 
mTBI histories can present with clinical complaints 
resembling aspects of posttraumatic stress, such as 
impaired concentration, mood changes, and fatigue 
(Sayer, 2012), thereby making it difficult for frontline 
clinicians to determine the source of the cognitive defi-
cits. For this reason, it is important to evaluate the 
degree to which PTSD symptoms account for verbal-
memory impairment in veterans compared with mTBI. 
Understanding the likely source of memory impairment 
will help clarify whether PTSD symptoms or neurologi-
cally based injuries are the most appropriate treatment 
targets.

In the present study, we implemented widely used 
clinical neuropsychological measures in concert with a 
laboratory task to understand how specific facets of 
word-memory processing may be associated with symp-
toms of PTSD. Given the frequent comorbidity of brain 
injury and PTSD in military samples, we recruited a 
sample with a wide range of postdeployment clinical 
presentations to evaluate effects of posttraumatic symp-
toms and mTBI. Crucially, all individuals experienced 
similar deployments to war zones, which allowed for 
differentiation of current PTSD symptoms from the 
effects of common stressors associated with overseas 
deployments and military service. There are relatively 
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few studies investigating relationships between symptom 
groupings of PTSD and verbal-memory deficits. We 
sought to clarify how separate components of verbal 
learning and memory relate to distinct domains of post-
traumatic symptoms while considering the influence of 
mTBI. Clarifying which symptom domains are relevant 
to specific aspects of memory impairment could inform 
the personalization of PTSD treatment and guide inno-
vation for psychotherapies involving reconsolidation of 
memories via word processing.

Method

Participants

Participants were U.S. military veterans with previous 
deployments to combat zones in Afghanistan and/or 
Iraq during Operations Enduring and/or Iraqi Freedom. 
To capture the range of typical clinical presentations 
among this population, we emphasized recruitment of 
individuals with PTSD symptoms and blast-related 
mTBIs. Participant sampling took place within a longi-
tudinal study of Minnesota National Guard members 
and outpatients at the Minneapolis Veterans Affairs 
Health Care System (VAHCS). Individuals who reported 
similar deployment experiences but denied significant 
PTSD symptoms or a history of blast-related mTBI were 
also recruited from the same sources and included as 
a trauma-exposed comparison control group. In accor-
dance with protocol approval by the Minneapolis 
VAHCS and University of Minnesota Institutional Review 
Boards, all participants provided written consent. Two 
separate study samples with similar inclusion and 
exclusion criteria were used for this report (for study 
details, see the Supplemental Material available online). 
Participants from Study 1 completed both the neuro-
psychological and laboratory assessments and denied 
a predeployment history of Axis I psychopathology as 
defined in the fourth edition, text revision of the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-
IV-TR; Gilmore et  al., 2018; Marquardt et  al., 2018; 
Nelson et  al., 2012). Study 2 participants completed 
only the neuropsychological evaluation and were not 
excluded for history of predeployment mental illness 
(besides psychotic disorders and attention-deficit condi-
tions; Disner et al., 2017, 2018). In total, 243 veterans 
participated in the verbal functioning assessments.

Assessment

Clinical interview.  Interview assessments were com-
pleted by research assistant and clinical psychology doc-
toral student staff under supervision from a licensed, 
doctoral-level clinical psychologist. The Structured Clinical 

Interview for DSM-IV-TR Axis I Disorders (SCID-I; First 
et al., 2002) and the Clinician Administered PTSD Scale 
for DSM-IV (CAPS; Blake et al., 1995) were used to assess 
mental illness diagnoses. Individuals were classified in 
the PTSD group if they met DSM-IV-TR criteria for PTSD 
or qualified for subthreshold PTSD defined as endorsing 
at least one PTSD symptom in each of the DSM-IV-TR 
symptom groupings (B–D). This diagnostic threshold 
(i.e., full PTSD plus subthreshold PTSD combined 
together) is consistent with alternative rating schemes 
aimed at increasing sensitivity for clinically meaningful 
presentations of PTSD symptoms (Cukor et  al., 2010; 
Marshall et al., 2001; Weathers et al., 1999, 2001; Zlotnick 
et al., 2002). CAPS symptom frequency scores of at least 
1 and intensity scores of at least 2 were required to meet 
a PTSD symptom (Weathers et al., 1999). Because of an 
emphasis on assessing symptoms specific to PTSD in 
Study 1, the CAPS interview was discontinued if Criterion 
A (trauma exposure) and Criterion B (reexperiencing) 
were not met (see Table 1 and Table S1 in the Supple-
mental Material). Thus, a subset of Study 1 participants 
was not evaluated on Criterion C and D symptoms (for a 
tabulation of cases, see Table 1 and Table S1 in the 
Supplemental Material). Study 2 did not have a discon-
tinuation criterion, and all participants completed the full 
CAPS. Diagnostic consensus for each participant was 
completed by at least two doctoral-level psychologists or 
advanced graduate students following review of the 
interview materials and available medical records.

Deployment-related blast exposure and head injury 
sequelae were evaluated using the semistructured 
Minnesota Blast Exposure Screening Tool (MN-BEST; 
Nelson et al., 2011). Each participant’s three most sig-
nificant blast events were assessed according to severity 
of acute-stage signs and symptoms (e.g., loss of con-
sciousness, duration of postblast amnesia, neurological 
signs) and plausibility (e.g., reported proximity with 
the blast detonation site) using American Congress of 
Rehabilitation Medicine criteria (Kay et al., 1993). Con-
sensus for mTBI was achieved using neuropsycho
logical assessment teams, which included at least one 
licensed clinical neuropsychologist. Participants from 
both Study 1 and Study 2 were then assigned to one of 
four groups: no PTSD/no mTBI, no PTSD/mTBI, PTSD/
no mTBI, and PTSD/mTBI (see Table 1).

Neuropsychological evaluation of verbal functioning.  
Participants completed the California Verbal Learning 
Test–Second Edition (CVLT-II; Delis, 2000) as a compo-
nent of a larger battery of cognitive assessments (Disner 
et al., 2017; Nelson et al., 2012, 2020). The CVLT-II is a 
widely used measure of word list learning and memory 
with multiple indices of performance relevant for recall 
and recognition of verbal content (Delis, 2000; Rabin 
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et al., 2016). Experimenters read all word stimuli aloud 
and provided queries to participants to assess perfor-
mance. Confirmatory factor analyses have identified 
four latent factors underlying CVLT-II performance 
(DeJong & Donders, 2009; Donders, 2008): Attention 
Span indexes effectiveness at maintaining information in 
mind for immediate use, Learning Efficiency reflects the 
degree to which strategic learning approaches were 
enacted (e.g., semantic clustering), Delayed Recall cap-
tures how much verbal information was retained and 
later accessed via recall and recognition, and Inaccurate 
Recall reflects the presence of word intrusions and false 
positives during recollection. Composite scores in each 
domain were generated and converted to z scores using 
the age- and sex-stratified normative information pub-
lished within the CVLT-II manual (Delis, 2000). To assess 
the specificity of associations between CVLT-II verbal-
memory performance deficits and postdeployment clini-
cal conditions, we also tested for statistical relationships 
with the Wechsler Test of Adult Reading (WTAR; Wechsler, 
2001) scores. The WTAR contains words with irregular 
pronunciations that exhibit increasing phonetic difficulty. 
Pronunciation ability for WTAR words may reflect past 
verbal learning histories and lifetime cognitive abilities 
that are typically resistant to recent disease processes or 
neurologic insult (Green et al., 2008). T scores based on 
the original WTAR normative sample were generated for 
study participants. Participants were excluded from any 
study analysis when they failed one or more effort mea-
sures in the larger test battery (for additional details, see 
Disner et al., 2017).

Laboratory procedure
Participants from Study 1 completed an experimental, 
laboratory-based, verbal-memory task designed to dis-
tinguish between explicit and implicit memory abilities 
and generate more nuanced metrics of core cognitive 
processes contributing to memory performance 
(Longenecker et al., 2018; Paller et al., 1995; Sponheim 
et al., 2004). All stimuli were presented via computer 
monitor. The task consisted of three blocks, each of 
which was composed of discrete encoding, free-recall, 
lexical-decision, and recognition periods (Fig. 1a). Dur-
ing encoding, 40 words for various objects were dis-
played individually for 244 ms; 4,651-ms intertrial 
intervals and 3,700-ms response windows began 300 ms 
after each word presentation. Participants responded 
via button box to make size judgments about whether 
the named object (e.g., COTTAGE) was smaller or larger 
than the computer monitor on which the words were 
displayed. After encoding, participants performed 
uncued free recall aloud for as many words as possible 
from the just-completed encoding period. This was fol-
lowed by a lexical-decision condition to assess implicit 
memory through a measurement of repetition priming. 
The lexical-decision period involved 20 old words from 
the preceding encoding period, 20 new words, and 20 
pronounceable nonwords. Each word was displayed for 
244 ms; intertrial intervals were 3,667 ms, and response 
windows were 2,700 ms. Participants were told to indi-
cate whether each stimulus was a word or a nonword 
as quickly as possible. The difference in RTs between 
the old words and new words was used as a measure 

Table 1.  Demographics and Clinical Characteristics for Combined Studies 1 and 2

Variable

Participant status

No PTSD PTSD

No mTBI mTBI No mTBI mTBI

Total 89 40 47 67
Study 1 31 18 21 42
Study 2 58 22 26 25
Female 7 0 5 4
Minority 11 1 10 9
Age (years)a M = 34.2 (SD = 8.8) M = 33.1 (SD = 8.4) M = 35.2 (SD = 9.0) M = 31.3 (SD = 6.3)
Education (years)a M = 14.9 (SD = 1.6) M = 14.5 (SD = 1.8) M = 14.7 (SD = 2.5) M = 13.9 (SD = 1.6)
Time since blast mTBI (months)a M = 57.6 (SD = 29.6) M = 61.2 (SD = 26.4)
Depressive disorderb 8 4 13 26
Alcohol dependencec 7 6 12 17
Full CAPS completed 60 27 47 66

Note: Values are ns unless otherwise specified. PTSD = posttraumatic stress disorder; mTBI = mild traumatic brain injury; CAPS = Clinician-
Administered PTSD Scale for DSM-IV (Blake et al., 1995).
aThese are group mean values using all available participant data. bCurrent major depressive disorder or dysthymia according to the fourth edition 
text revision of the Diagnostic and Statistical Manual of Mental Disorder (DSM-IV-TR). cCurrent alcohol dependence according to the DSM-IV-TR.
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of repetition priming and implicit memory function. 
The recognition period involved presentation of 20 
words during the encoding period and 20 new words 
using timing windows identical to the lexical-decision 
trials. The 20 words presented from the encoding period 
were those that were not presented during the lexical-
decision period, thus ensuring that recognition was not 
confounded by a prior presentation of words during 
the lexical-decision period. No trauma-related word 
content was included within the word lists.

Encoding accuracy and mean RT were calculated 
using the total number of correct size judgments across 
all blocks. Free-recall scores were the total number of 
correctly self-generated words across all blocks; 
repeated words and words remembered from different 
blocks were not counted. Lexical-decision accuracy and 
mean RT were computed for correct word and nonword 
identifications across all blocks. Implicit memory was 
measured as described above (see Data Analysis sec-
tion). During recognition, hits, false alarms, misses, and 
correct rejections were characterized by treating old 
words as targets and new words as nontargets. Signal 
detection indices were generated using recommended 
corrections for perfect performance (Hautus, 1995; 
Stanislaw & Todorov, 1999). Discrimination between 
target and nontarget words as a measure of recognition 
memory was characterized using d′. Higher d′ scores 
indicated better recognition. Two participants were 
excluded because encoding and lexical-decision accu-
racy scores were more than 5 SD below the sample 
mean. Furthermore, the signal detection metric of C 
was examined to assess for response bias and appraise 
task engagement during recognition (see the Supple-
mental Material). One individual with C scores more 
than 5 SD from the sample mean was excluded. A total 
of 147 individuals from Study 1 were included in analy-
ses of laboratory verbal memory (Table 1).

Data analysis

We performed two sets of analyses to statistically pre-
dict memory functioning. First, we used categorical 
designations of PTSD and mTBI. Then, we repeated the 
analyses using dimensional characterizations of PTSD 
symptoms and mTBI severity. All analyses were com-
puted using IBM SPSS (Version 25).

Analysis of categorical variables.  Demographics 
characteristics of groups were compared with Pearson χ2 
tests, t tests, and 2 (PTSD: PTSD, no PTSD) × 2 (mTBI: 
mTBI, no mTBI) between-subjects analyses of variance 
(ANOVAs). To test for verbal functioning deficits using 
the combined Study 1 and Study 2 samples, we con-
ducted 2 (PTSD: PTSD, no PTSD) × 2 (mTBI: mTBI, 
no mTBI) between-subjects ANOVAs on the following 

neuropsychological scores: Attention Span, Learning 
Efficiency, Delayed Recall, Inaccurate Recall, and WTAR 
total score. Similar two-way ANOVAs were constructed 
for the following Study 1 verbal-memory laboratory task 
measures: encoding accuracy, encoding mean RT, total 
free recall, lexical-decision accuracy, and recognition d′.

To assess implicit priming effects on mean RT during 
the lexical-decision phase, we conducted a 2 (PTSD: 
PTSD, no PTSD; between subjects) × 2 (mTBI: mTBI, 
no mTBI; between subjects) × 3 (trial type: old word, 
new word, nonword; within subjects) multivariate anal-
ysis of variance (for follow-up analyses, see the Supple-
mental Material). Post hoc analyses of within-subjects 
effects were completed using a significance threshold 
that was corrected for false-discovery rate (FDR; q = 
.05) for multiple comparisons (Benjamini & Hochberg, 
1995). We expected individuals with heightened PTSD 
symptoms to have impaired free recall of word stimuli 
and slower overall lexical-decision RTs but intact repeti-
tion priming and implicit memory.

Analysis of dimensional variables.  We completed a 
second set of analyses using partial correlations to exam-
ine linear associations between specific PTSD symptom 
groupings and verbal-performance indices while covary-
ing for past-blast mTBI severity. We used the four symp-
tom groupings from the Dysphoria model supported by 
factor-analytic evidence (Yufik & Simms, 2010). Symptom 
frequency (0–4) and intensity (0–4) ratings from the 
CAPS were summed to generate severity scores for the 
following groupings: Reexperiencing (B1–B5), Avoid-
ance (C1–C2), Dysphoria (C3–D3), and Hyperarousal 
(D4–D5). Blast mTBI severity scores were generated 
using the MN-BEST adaptation of the Ruff and Richard-
son (1999) rating scheme. An FDR-corrected significance 
threshold (q = .05) was used across the 20 partial corre-
lations for the neuropsychological measures and the 24 
partial correlations for the laboratory measures. Overall 
lexical-decision RT was calculated using average RT across 
the old-word, new-word, and nonword conditions.

Data from the experimental verbal-memory labora-
tory task were subject to follow-up mediation analyses 
to evaluate which cognitive mechanisms may explain 
the link between intrusive reexperiencing and memory 
performance. Three sets of mediation models were gen-
erated with the PROCESS 3.3 extension for SPSS (six 
total models; Hayes, 2017). Models included memory 
performance (either total free recall or d′ recognition) 
as the consequent (i.e., dependent variable), reexpe-
riencing severity as the antecedent (i.e., independent 
variable), blast mTBI severity as the covariate, and 
cognitive performance (i.e., accuracy) and efficiency 
(i.e., mean RT during correct trials) as mediators. First, 
encoding accuracy and RT were entered to assess 
indirect effects between reexperiencing and memory 
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performance via earlier attentional control, specifically 
during initial exposure to the word stimuli in the encod-
ing period. Second, lexical-decision accuracy and over-
all RT were used to assess whether similar indirect 
associations could also be observed by way of more 
general impairments in attentional control occurring 
outside of the encoding period. Finally, we tested 
lexical-decision mediators of old-word RTs while 
including new-word RTs as a covariate to model implicit 
priming as a potential explanatory factor for recall and 
recognition-memory performance deficits. Statistical 
inferences about indirect effects (products of the a and 
b path coefficients) were made using bootstrapped 
(5,000 resamples) 95% confidence intervals (CIs).

Results

Demographics and clinical 
characteristics

Participant characteristics are reported in Table 1. For 
the combined Study 1 and Study 2 sample, clinical 
groups did not differ by gender or ethnic minority status, 
ps ≥ .086. There was an effect of mTBI for age, F(1, 
239) = 5.37, p = .021, ηp

2 = .022. Individuals with blast 
mTBI histories were 2.6 years younger than participants 
without those histories. There were no main or interac-
tion effects with PTSD for age, ps ≥ .201. Furthermore, 
there was a main effect of mTBI for years of education, 
F(1, 233) = 5.81, p = .017, ηp

2 = .024. On average, blast 
mTBI was associated with 0.6 fewer years of education. 
There were no main or interaction effects with PTSD 
for years of education, ps ≥ .214. Veterans with blast-
related mTBI did not differ according to PTSD status in 
terms of months since the most recent blast event, p = 
.524. Individuals with PTSD were more likely to meet 
criteria for a comorbid depressive disorder (i.e., major 
depressive disorder [MDD] or dysthymic disorder), χ2 = 
22.64, p < .001, Cramér’s V = .305, and for comorbid 
alcohol dependence, χ2 = 9.99, p = .002, Cramér’s V = 
.203. Individuals with blast-related mTBI histories were 
also more likely to meet criteria for a depressive disor-
der, χ2 = 5.73, p = .017, Cramér’s V = .154, but there 
were no group differences in rates of comorbid alcohol 
dependence, p = .124. Similar analyses were repeated 
for Study 1 participants with valid laboratory data and 
are reported in the Supplemental Material.

Neuropsychological evaluation of 
verbal functioning

CVLT-II verbal memory.  We examined CVLT-II scores 
to assess verbal deficits across various learning and 
memory-performance domains. There was a main effect 

of PTSD for Delayed Recall, F(1, 239) = 5.227, p = .023, 
ηp

2 = .021. Veterans with either full or subthreshold PTSD 
scored an average of 1.4 SD below comparison control 
participants when attempting to remember previously 
presented word material. Blast-related mTBI did not 
exhibit main or interaction effects for Delayed Recall 
(ps ≥ .279). In addition, no main or interaction effects for 
PTSD or blast-related mTBI were noted for the CVLT-II 
measures of Attention Span, Learning Efficiency, or Inac-
curate Recall (ps ≥ .182). When using continuous mea-
sures of posttraumatic stress symptoms, Reexperiencing 
exhibited a partial correlation with Delayed Recall after 
covarying for blast TBI severity and correcting for multi-
ple comparisons (Table 2). Veterans reporting greater 
reexperiencing symptoms remembered fewer previously 
presented word stimuli. This association was specific for 
Delayed Recall because no additional significant partial 
correlations were observed between other PTSD symp-
tom groupings and indices of Attention Span, Learning 
Efficiency, or Inaccurate Recall.

WTAR overall verbal abilities.  When veterans were 
evaluated on phonetic pronunciation using the WTAR, 
there were no main or interaction effects of PTSD or blast-
related mTBI (ps ≥ .309). Partial correlations between 
posttraumatic stress symptom groupings and WTAR scores 
while covarying for blast TBI severity were not significant 
(Table 2). Thus, impairments in CVLT-II Delayed Recall 
scores could not be explained by general verbal ability or 
vocabulary.

Laboratory verbal-processing task 
performance

Encoding.  Veterans from Study 1 completed the labora-
tory verbal-memory task to quantify performance using 
more nuanced metrics (Fig. 1). When we performed the 
initial size judgments for word stimuli, there were no 
main or interaction effects of PTSD or blast-related mTBI 
for encoding accuracy, ps ≥ .100. In addition, there were 
no main or interaction effects of PTSD or blast-related 
mTBI for encoding RTs, ps ≥ .063. Thus, there were neg-
ligible differences between the categorical groups on 
performance during the encoding period. However, par-
tial correlations between PTSD symptom-severity scores 
and encoding efficiency revealed specific associations 
with Reexperiencing while covarying for blast TBI sever-
ity and correcting for multiple comparisons (Table 2). 
Individuals who reported elevated levels of reexperienc-
ing symptoms produced slower word size judgments 
during the encoding period. There were no additional 
significant associations with encoding accuracy or RT for 
any other PTSD symptom grouping.
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Free recall.  For free recall of encoded words, there was 
a main effect of PTSD (Fig. 1), F(1, 143) = 4.80, p = .030, 
ηp

2 = .032. Individuals with full or subthreshold PTSD 
recalled an average of 3.6 fewer words from the encod-
ing period than comparison control participants. There 
were no main or interaction effects for blast-related 
mTBI, ps ≥ .062. A follow-up partial correlation between 
Reexperiencing and total free-recall performance was 
significant when covarying for blast TBI severity and cor-
recting for multiple comparisons (Table 2). Greater reex-
periencing symptoms predicted worse recall of word 
stimuli. There were no other associations between free 
recall and PTSD symptom groupings.

Lexical-decision priming effects.  When veterans made 
lexical decisions about whether the presented text was a 
word or nonword, there were no main or interaction 
effects of PTSD or blast-related mTBI for accuracy, ps ≥ 
.072. For mean RT during correct trials, there was a 
within-subjects effect of trial type (Fig. 1), F(2, 142) = 
127.95, p < .001, ηp

2 = .643. Veterans were quickest for 
previously viewed words, intermediate for new words, 
and slowest for nonwords (ps ≤ .001 for all comparisons). 
This was consistent with the expected implicit memory 
priming effect. There was no interaction between PTSD 
and word condition, p = .616. Thus, there was little sup-
port for implicit priming deficits among participants with 
either full or subthreshold PTSD. However, there was a 
main effect of PTSD for RT, F(1, 143) = 4.81, p = .030, 

ηp
2 = .033. Veterans with full or subthreshold PTSD were 

slower overall to complete lexical decisions regardless of 
the specific task condition. In addition, there were no 
main or interaction effects for blast-related mTBI on 
lexical-decision RTs, ps ≥ .140. As follow-up for these 
findings, we computed average overall RT collapsed 
across all lexical-decision trials. Overall RT was associ-
ated with Reexperiencing when covarying for blast TBI 
severity and correcting for multiple comparisons (Table 
2). Similar to the encoding period, individuals with 
greater symptoms of trauma-related reexperiencing were 
slower at making lexical decisions. This was true regard-
less of past exposure to the words or semantic meaning 
of the text. There were no other associations between 
lexical-decision overall RT and other PTSD symptom 
groupings.

Recognition.  There was a main effect of PTSD on rec-
ognition of previously displayed word stimuli as mea-
sured by d′ (Fig. 1), F(1, 143) = 7.14, p = .008, ηp

2 = .048. 
Veterans with full or subthreshold PTSD demonstrated 
impaired ability to discriminate between previously dis-
played old words and new words relative to comparison 
control participants. There were no main or interaction 
effects for blast-related mTBI (ps ≥ .331). In a similar 
way as with free recall, Reexperiencing exhibited a par-
tial correlation with recognition d′ when covarying for 
blast TBI severity and correcting for multiple compari-
sons (Table 2). Thus, greater reexperiencing severity 

Table 2.  Partial Correlations Between Verbal Performance Measures and Posttraumatic Stress 
Symptom Domains

Measure

CAPS symptom-severity scores

Reexperiencing Avoidance Dysphoria Hyperarousal

Neuropsychological  
  WTAR −0.057 0.134 0.138 0.010
  CVLT-II Attention Span −0.109 0.061 0.005 −0.070
  CLVT-II Learning Efficiency −0.108 0.026 −0.008 −0.071
  CVLT-II Delayed Recall −0.197 −0.048 −0.082 −0.119
  CVLT-II Inaccurate Recall 0.041 −0.046 −0.025 0.070
Laboratory task  
  Encoding (overall accuracy) −0.062 0.026 0.086 −0.021
  Encoding (overall RT) 0.226 0.119 −0.004 0.061
  Free recall (total) −0.243 0.147 −0.014 −0.084
  Lexical (overall accuracy) −0.018 0.165 0.158 0.128
  Lexical (overall RT) 0.262 0.175 0.078 0.090
  Recognition (d′) −0.314 −0.097 −0.134 −0.191

Note: Partial correlations displayed between study measures of verbal performance for the conventional 
neuropsychological measures as well as the laboratory task measures. Boldface type indicates significant 
associations after applying a q = .05 false discovery rate for multiple comparisons across the 20 
neuropsychological and 25 laboratory task measures associations. CAPS = Clinician-Administered PTSD 
Scale for DSM-IV (Blake et al., 1995); WTAR = Wechsler Test of Adult Reading (Wechsler, 2001); CVLT-II = 
California Verbal Learning Test–Second Edition (Delis, 2000); RT = response time.
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was associated with worse recognition of word stimuli. 
There were no significant partial correlations between 
recognition-memory performance and any other PTSD 
symptom grouping.

Indirect mediation effects for memory performance.  
To test whether attentional control during encoding 
could explain the observed associations between verbal-
memory performance and reexperiencing symptoms, we 
constructed mediation models (Figs. 2a and 2b; see Table 
S3 in the Supplemental Material). Reexperiencing symp-
tom severity was indirectly related to free-recall perfor-
mance through its relationship with encoding RT (a2b2 = 
−0.046, 95% confidence interval (CI) = [−0.107, −0.003]). 
Although encoding accuracy independently predicted 
free recall, this indirect effect was not significantly dif-
ferent from zero (a1b1 = −0.026, 95% CI = [−0.101, 
0.043]). A second model using recognition d′ as the 
dependent variable also revealed an indirect effect 
between reexperiencing by way of encoding RT (a2b2 = 
−0.0030, 95% CI = [−0.0063, −0.0003]). Encoding accu-
racy predicted recognition performance, but the associ-
ated indirect effect was not different from zero (a1b1 = 
−0.002, 95% CI = [−0.008, 0.003]).

We generated comparison models using lexical-
decision accuracy and overall RT as mediators to assess 
whether general verbal-processing inefficiencies outside 
of the encoding period could explain memory impair-
ments (Figs. 2c and 2d; see Table S3 in the Supplemental 
Material). Neither indirect paths through lexical-decision 
accuracy (a1b1 = −0.005, 95% CI = [−0.062, 0.036]) nor 
through lexical-decision overall RT (a2b2 = −0.039, 95% 
CI = [−0.090, 0.003]) mediated the free-recall findings. 
In addition, neither indirect paths through lexical-
decision accuracy (a1b1 = −0.001, 95% CI = [−0.006, 
0.004]) nor through lexical-decision overall RT (a2b2 = 
−0.002, 95% CI = [−0.005, 0.002]) mediated an associa-
tion between Reexperiencing and recognition d′.

Finally, we tested models with lexical old-word RT 
as the mediator and lexical new-word RT as a covariate 
to isolate the implicit priming effect (Figs. 2e, 2f; see 
Table S3 in the Supplemental Material). Reexperiencing 
did not significantly predict old-word RT, and old-word 
RT did not significantly predict free-recall or recognition 
performance. Consequently, indirect paths to free recall 
(ab = 0.001, 95% CI = [−0.002, 0.002]) and recognition 
(ab = 0.002, 95% CI = [−0.032, 0.027]) included zero.

In summary, our findings support an indirect associa-
tion between reexperiencing symptoms and explicit 
verbal memory by way of encoding inefficiency. Gen-
eral word-processing speed and implicit memory func-
tioning could not explain those same verbal-memory 
deficits.

Discussion

We investigated the verbal-memory performance of 
military combat veterans using conventional neuropsy-
chological instruments and an experimental laboratory 
task. Individuals with full or subthreshold PTSD exhib-
ited specific impairments in delayed word recall for the 
CVLT-II. Intrusive reexperiencing symptoms predicted 
those recall impairments as well. Note that WTAR scores 
related to general verbal ability or vocabulary were 
unrelated to posttraumatic stress symptoms. On the 
laboratory verbal-memory task, veterans with full and 
subthreshold PTSD displayed impaired free recall, 
worse recognition, and slower RTs. Similar to the CVLT-
II, reexperiencing symptoms predicted laboratory indi-
ces of verbal-memory performance. Mediation analyses 
revealed indirect effects between reexperiencing symp-
tom severity and later free-recall and recognition per-
formance by way of initial encoding inefficiency (i.e., 
slower RTs). Moreover, our analyses with laboratory-
task data revealed intact implicit memory repetition 
priming for veterans with significant symptoms of 
PTSD. The findings together suggest that inefficient 
attentional control during initial encoding of verbal 
material may be central to verbal-memory impairments 
in PTSD.

Dimensional assessments of psychopathology have 
several advantages over categorical diagnoses for 
revealing associations with psychopathology (Cuthbert, 
2005; Grove, 1991). In the present study, we repeatedly 
observed stronger effects of symptom dimensions on 
verbal-memory processes than when using a categorical 
diagnosis of PTSD. In addition, the associations were 
with intrusive reexperiencing and not with other dimen-
sions of PTSD (e.g., dysphoric mood). This is in line 
with previous findings suggesting that impaired verbal 
memory (relative to visuospatial-memory performance) 
cannot be explained by comorbid depression with 
PTSD (Scheiner et al., 2014; Scott et al., 2015). Indeed, 
MDD alone is not associated with selective deficits in 
verbal memory such as those observed with PTSD (Bora 
et al., 2013). Reexperiencing of traumatic events, a col-
lection of symptoms not represented within the MDD 
criteria, may exhibit a special relationship with the cog-
nitive processes evoked during verbal-memory tasks. 
Attentional control deficits during the encoding of 
words may be a differentiating feature among individu-
als with intrusive reexperiencing symptoms relative to 
other forms of internalizing psychopathology.

By demonstrating connections between word mem-
ory and specific symptoms, this work adds to emerging 
theoretical models of PTSD. Word-based encoding may 
be required for adaptive consolidation of traumatic 
memories. Maladaptive posttraumatic stress may persist 
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in part because of superficial verbal encoding within 
autobiographical memory stores (Ehlers & Clark, 2000). 
At the time of traumatic events, emotionally salient 
information is effortlessly encoded using perceptual 
memory representations (Brewin, 2003, 2014). To cre-
ate verbal representations of those same events, 
effortful reprocessing is required. In everyday circum-
stances, reexperiencing symptoms of PTSD may be 
the consequence of perceptual cuing (e.g., encounter-
ing trauma reminders) without experiencing verbal 
representations during those same events (Brewin, 
2014). Verbal representations of traumatic events may 
help limit or interfere with full emotional responses 
to distressing perceptual cues (Brewin et  al., 2007; 
Chin & Schooler, 2008). Thus, recurrences of reexpe-
riencing symptoms may stem from incomplete verbal 
encoding and reconsolidation of emotionally activat-
ing perceptual memories.

For the military veterans assessed several years post-
deployment, there may be a connection between atten-
tional control deficits and the chronic nature of their 
symptoms. In ideal circumstances, trauma reminders 
experienced in conditions of safety are opportunities 
for adaptive processing and reconsolidation. When 
effectively executed, elaborative verbal encoding may 
allow a person to metaphorically “file away” trauma 
content within appropriate autobiographical memory 
stores. Some individuals may be more adept at naturally 
completing this type of word-based meaning making 
following psychological stressors (Park, 2010), which 
may be facilitated by attentional control for verbal mate-
rial. For example, higher verbal-learning performance 
prospectively predicts fewer reexperiencing symptoms 
in the months after trauma exposure (Parslow & Jorm, 
2007). Therefore, when a person has less effective ver-
bal learning skills, they may be more vulnerable to 
trauma effects because of a decreased capacity to 
engage in reconsolidation. This is relevant to clinical 
interventions because verbal memory is also a predictor 
of trauma-focused psychotherapy outcomes (Etkin 
et al., 2019; Nijdam et al., 2015; Scott et al., 2017). Suf-
ficient attentional control may be a prerequisite for 
reconsolidation of perceptually based traumatic memo-
ries and adaptive long-term outcomes.

Given the lack of associations between repetition 
priming and PTSD, the functioning of implicit verbal 
processes may not be critical for explaining recovery 
after trauma. This interpretation is thematically consis-
tent with theorizing about the mechanisms of action of 
psychotherapies (Ecker et  al., 2012; Neimeyer, 2002; 
Park & Ai, 2006; Schnyder et al., 2015; Steger & Park, 
2012). Passive and repetitive exposure to trauma con-
tent may bring about only short-term emotional habitu-
ation. Without deeper restructuring of posttraumatic 

memories, additional intrusive reexperiencing symp-
toms to novel trauma cues (e.g., spontaneous recovery) 
are possible. The present study highlights the need for 
innovations to improve encoding for individuals with 
weaknesses in word learning. It may be possible to 
enhance trauma-focused psychotherapy outcomes by 
emphasizing meaning making over and above pro-
longed exposure to trauma cues alone. Furthermore, it 
may be possible to target weaknesses in verbal encod-
ing directly through cognitive remediation training ( Jak 
et al., 2019).

Blast-related mTBI was unrelated to measures of ver-
bal processing. There is a growing consensus regarding 
the negligible long-term impact of mild brain injury on 
cognitive functioning (Sweet et al., 2013). Maladaptive 
trajectories in emotional and cognitive functioning after 
military deployments can often be accounted for by 
psychopathology including PTSD even in the context 
of mTBI (Disner et al., 2017; Nelson et al., 2012, 2020; 
Polusny et al., 2011; Wilk et al., 2012). Partial correla-
tions between symptom groupings and cognitive per-
formance while covarying for blast injury severity 
revealed potential cognitive markers of posttraumatic 
reexperiencing that were independent of mTBI. Never-
theless, the current study is limited by a lack of battle-
field collateral information about brain injury sequelae 
at the time of the explosive blasts. We sought to address 
this weakness by employing semistructured interview 
tools and consensus diagnosis teams including neuro-
psychologists (Nelson, Davenport, et al., 2015). As with 
most studies conducted in veteran samples, the longi-
tudinal reliability of self-reported mTBI in the current 
sample is unknown. Potential reporting inconsistencies 
years after the blast events may obscure accurate estima-
tion of the effects of mTBI on later cognitive functions 
and psychopathology (Nelson, Anderson, et al., 2015).

Another potential caveat includes the cross-sectional 
nature of this investigation. We cannot conclusively 
determine whether the observed effects would be better 
conceptualized as markers of trauma exposure or risk 
factors relevant for understanding the individual impact 
of trauma. In addition, a larger sample of participants 
had CAPS reexperiencing symptoms assessed compared 
with other PTSD symptom dimensions because of the 
discontinued Study 1 clinical interviews if reexperienc-
ing criteria were not met. However, correlations for 
reexperiencing symptoms are larger than other symp-
tom dimensions, and the findings from the laboratory 
task were replicated using neuropsychological mea-
surements of verbal memory from a combined sample 
of Study 1 and Study 2 participants. Also note that the 
similar associations with reexperiencing symptoms 
were observed using auditory and written word stimuli 
from the CVLT-II and laboratory task, respectively. 
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Future studies of verbal memory may benefit from the 
inclusion of both emotionally neutral and trauma-
relevant words to tease apart subtle effects related to 
attentional bias toward threat (Ashley et al., 2013).

In the present study, we identified impaired explicit 
verbal memory but intact implicit verbal memory in 
military veterans with symptoms of PTSD. Note that 
intrusive reexperiencing symptoms were associated 
with a range of cognitive processes involved in verbal 
memory, including slowed RTs at encoding and worse 
recollection of word stimuli at recall. According to 
the mediation analyses, inefficiency during encoding 
explained the connection between reexperiencing 
symptoms and worse verbal-recall performance. We 
propose that altered attentional control for word stimuli 
may explain aspects of explicit verbal-memory impair-
ments in previously deployed veterans with maladap-
tive long-term outcomes. Such findings point toward 
the importance of bolstering use of attentional control 
systems to facilitate reconsolidation of trauma-related 
content and improve functioning in people with sig-
nificant posttraumatic stress symptoms.
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