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Abstract

Cognitive models have highlighted attentional and memory biases to negatively valenced
emotional stimuli, and their association, in the development and maintenance of post-traumatic
stress disorder (PTSD). However, research has focused mainly on attentional biases towards
distracting (not task-relevant) negative stimuli and the links of attentional biases with memory
remain underexplored. We manipulated attention during encoding of trauma-irrelevant negative
and neutral words and examined the differential relationship of their encoding and recall with
PTSD symptoms. Responders to the World Trade Center disaster performed tasks in which they
read negative and neural words (full attention, FA) and reported the color of another set of

such words (divided-attention, DA). Subsequently, participants used word stems to aid retrieval
of words shown in both tasks. PTSD symptoms were associated with slower performance for
negative vs neutral words in FA but not DA tasks. Furthermore, greater PTSD symptoms severity
was associated with more accurate recall of negative vs neutral words, irrespective of whether
words were presented on FA or DA tasks. These findings suggest that PTSD symptoms in a
trauma-exposed population are related to encoding of trauma-irrelevant negative information when
attention is fully deployed and subsequent recall of negative information, irrespective of whether
attention was fully deployed.

Introduction

Cognitive models of post-traumatic stress disorder (PTSD) have emphasized the importance
of attentional and memory biases in understanding how PTSD symptoms arise and persist
(for review, see e.g., Buckley, Blanchard, and Neill, 2000; Bomyea, Johnson, & Lang,
2017; Woud, Verwoerd, & Krans, 2017; Durand, Isaac, & Januel, 2019). These models
suggest that patients remember emotional information better than neutral information due
to an attentional bias toward (Chemtob, Roitblat, Hamada, Carlson, & Twentyman, 1988)
or difficulty disengaging from (Chemtob et al., 1999) threat-related information, which

may lead to greater resources applied to processing and encoding of negative information.
However, the hypothesized link between attentional biases favoring negative emotional
information and stronger memory for this information in PTSD is not clearly defined. An
examination of this link will help advance our understanding of the factors that contribute to
the development and maintenance of PTSD symptomatology and support the improvement
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of treatments that intervene by addressing such biases. Hence, in two different tasks, we
manipulated attention during encoding of negative and neutral words and examined whether
encoding and subsequent memory for these words was differentially related with PTSD
symptoms.

Attentional biases towards trauma-related information are commonly seen in PTSD
(McNally, Kaspi, Riemann, & Zeitlin, 1990; Bryant, Harvey, Gordon, & Barry, 1995),
although some studies have shown an absence of such biases (for review, see Hayes,
VanElzakker, & Shin, 2012; Bomyea et al., 2017). Studies investigating selective attention
such as the dot-probe paradigm have shown biases towards (Bryant & Harvey, 1997;
Dalgleish, Moradi, Taghavi, Neshat-Doost, & Yule, 2001; Dalgleish et al., 2003; Fani et al.,
2012) and away from (Pine et al., 2005; Fani, Bradley-Davino, Ressler, & McClure-Tone,
2011) trauma-related or other negative stimuli in PTSD, while other studies have shown

no bias (Badura-Brack et al., 2015; lacoviello et al., 2014). While the emotional Stroop

task cannot separate bias towards and away from stimuli, studies using this task have
demonstrated greater attentional bias for threat in PTSD. For example, individuals with
PTSD are slower to identify font color of trauma-consistent words due to interference from
semantic processing of word content (Metzger, Orr, Lasko, McNally, & Pitman, 1997). This
finding has been replicated in different media and modalities, different types of trauma
populations, and with other negative words that may not be trauma relevant (Constans, 2005;
Ashley, Honzel, Larsen, Justus, & Swick, 2013; Willebrand et al., 2002; Paunovic, Lundh,
& Ost, 2002; Metzger et al., 1997; Beck, Freeman, Shipherd, Hamblen, & Lackner, 2001;
Vrana, Roodman, & Beckham, 1995); however, several studies have yielded null findings
suggesting that the effect is not reliable (Kimble, Frueh, & Marks, 2009). Importantly,

most research on attentional biases in PTSD has been conducted using paradigms in which
trauma-relevant or negative stimuli are irrelevant to task goals; for example, the task-relevant
aspect is word color in emotional Stroop, target detection in dot probe, and lexical decision
making in visual search tasks (for review, see Hayes et al., 2012; Bomyea et al., 2017). In
real life, emotional stimuli are frequently the target of attention and processed voluntarily.
Indeed, eye-tracking studies show greater fixation, greater pupil dilations, and longer gaze
durations for negatively valenced and trauma-relevant stimuli in PTSD (for review, see
Bomyea et al., 2017). This suggests that it is important to clarify whether PTSD symptoms
are also related to biases toward negative vs neutral stimuli when attention is fully deployed.

In addition to attentional biases, PTSD is associated with greater explicit, and to a lesser
extent, implicit recall of trauma-consistent information (Brewin & Holmes, 2003; Vrana

et al., 1995; Amir, McNally, & Wiegartz, 1996; for review, see Banich et al., 2009). For
example, Ehring and Ehlers (2011) examined both explicit (stated reference to encoding
phase) and implicit retrieval (no reference to encoding phase) of trauma specific words

in a sample of recent motor vehicle accident survivors. Greater implicit retrieval of trauma-
related words was related to chronic PTSD diagnoses over time. Another study showed
that veterans with PTSD exhibited an explicit and implicit memory bias for combat words
(Zeitlin & McNally, 1991). In addition to increased retrieval, individuals with PTSD exhibit
difficulty forgetting trauma material (McNally, Metzger, Lasko, Clancy, & Pitman, 1998).
While a majority of the studies have examined memory biases for trauma-relevant material
in PTSD, fewer studies have demonstrated a memory advantage for negative words in
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general (Thomaes et al., 2013; Vrana et al., 1995; McNally et al., 1998; Golier et al., 2002;
Paunovic et al., 2002).

It has been hypothesized that this memory bias for negative information is due to attentional
biases to threat in PTSD. However, this hypothesis has not been thoroughly tested. One
study has shown that attention and memory are closely linked in PTSD by demonstrating

a greater Stroop effect for trauma-relevant words compared to neutral words, and greater
subsequent explicit recall for trauma-relevant words (Paunovic et al., 2002). However, the
absence of a control condition in which undivided attention was provided to emotional
words limits the ability to attribute observed recall biases to attentional mechanisms.
Furthermore, due to the focus on trauma-relevant words, it is unclear if the bias extends

to generally negative or threatening words. There is also a paucity of insight into the time
course of processing biases, such that the relationship of attention to later memory remains
untested. Finally, it is unclear whether attentional and memory biases towards negatively
valenced information are linked with specific symptom dimensions of PTSD because the
majority of studies have utilized overall symptom scores as opposed to specific symptom
clusters. Recent work found that attentional biases were related to re-experiencing and
avoidance symptoms of PTSD (Powers et al., 2019), but remains to be replicated.

Hence, in the present study, a sample of trauma-exposed individuals performed two separate
tasks; a full-attention (FA) task in which they read negative (but trauma-irrelevant) or neutral
words and a divided-attention (DA) task in which they reported the color of an independent
set of negative and neutral words. Both tasks involved a subsequent recall task in which
participants were asked to use word stem cues to aid retrieval of words shown to them in the
FA and DA tasks (Rajaram, Srinivas, & Travers, 2001). Prior studies have shown that words
are still identified at the lexical and semantic levels in the DA task despite their identification
being irrelevant to the color-naming task (see Dyer, 1973; MacLeod, 1991 for reviews).
However, attentional resources are diverted away from the word itself towards task-relevant
information (i.e., the color of the words) which allows examination of both encoding and
recall of words processed with full or divided attention (Rajaram et al., 2001).

Based on earlier studies highlighting a generic slow down for negative words (Algom,
Chajut, & Lev, 2004), we predicted slower reading and color naming of negative vs neutral
in the FA and DA tasks. Based on earlier research examining the effect of attention

on subsequent recall (Rajaram et al., 2001), we predicted more accurate recall of words
presented in FA vs DA condition, an effect that would be increased for negative vs neutral
words due to greater time at encoding. Finally, based on eye tracking research showing
longer gaze durations when processing negative or trauma-relevant stimuli (Bomyea et al.,
2017), we predicted that greater severity of PTSD symptoms would be associated with
slower reading and more accurate recall of negative vs neutral words on the FA task

in which attention is fully engaged during encoding. However, the association of PTSD
symptoms with color-naming and recall of negative vs neutral words on the DA task was
expected to be less robust due to reduced attention during encoding. Additionally, we
explored if different symptom clusters of PTSD have unique relationships with encoding and
recall on the DA and FA tasks.

J Anxiety Disord. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Imbriano and Mohanty Page 4

Method

Participants

Data were collected from 392 (42 female, 348 male; M age= 55.17 yrs, SD=8.700; 90.4 %
Caucasian, 6.7% Black, Asian 0.8 %; 7.7% Hispanic) participants from the first assessment
wave of the World Trade Center (WTC) Personality and Health study, a longitudinal study
that begun in 2017. Study participants were contacted after a health monitoring visit at the
Stony Brook University WTC Health Program, which serves over 10,000 WTC responders
from Long Island (Desaro et al., 2015). A majority of the participants (64%) were active law
enforcement personnel on 9/11. Occupations of the remaining subset of the sample included
construction workers, electricians, and paramedics. The sample was broadly representative
of patient’s served by the program, and patients were excluded only if linguistic, cognitive,
or physical limitations prevented them from completing study procedures. For the encoding
task, 11 participants were excluded for having lower than 50% accuracy during the encoding
task and 6 participants were excluded due to incomplete task data. In addition, for the

recall task, 142 participants were excluded from FA and DA recall-related analyses due

to technical problems during this task (described below). The excluded participants did

not differ significantly from participants included in the FA and DA recall tasks on PCL
scores, age, or gender (all p’s >.05). This resulted in a final sample of 375 participants

for the FA and DA encoding tasks and 233 participants for FA and DA recall tasks. Four
participants had incomplete questionnaire data and were thus excluded from PCL-related
analyses. This study was approved by the Stony Brook Institutional Review Board. All
participants provided informed consent.

Measures

PTSD Checklist for DSM-5 (PCL).—The PCL (Weathers et al., 2013) is a 20-item
questionnaire used to dimensionally assess symptoms of traumatic stress occurring within
the past month. The PCL has four subscales to more precisely measure symptom clusters
of re-experiencing (Cluster B), avoidance (Cluster C), negative cognitions and mood
(Cluster D), and arousal/reactivity (Cluster E). Participants are asked to report on their
level of distress experienced due to symptoms such as, “repeated, disturbing dreams of

the stressful experience”, using a 0 (“Not at all”) to 4 (“Extremely”) scale. The PCL has
been shown to have good diagnostic efficiency as a brief screening assessment (Blanchard,
Jones-Alexander, Buckley, & Forneris, 1996). In addition, the PCL has demonstrated good
internal consistency (a=.94), test-retest reliability (r=.82), convergent validity (rs=.74 to
.85), and discriminant validity (rs= .31 to .60) (Blevins, Weathers, Davis, Witte, & Domino,
2015).

Stimuli

For each participant, a total of 120 (60 negative, 60 neutral) words were used across both
encoding and recall tasks. The words were nouns that ranged from four to eight letters
in length and were selected on the basis of established norms for valence, arousal, and
frequency of usage in the English language (Bradley & Lang, 1999). Of these words, 80
were chosen at random to be shown during the encoding task. Then, 40 of the remaining
words were utilized as the unshown control set of words during the recall task. Of the 80
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Procedure

words selected for the encoding tasks, half of the words were negative and the remaining
half were neutral valence. Forty (20 negative, 20 neutral) were presented in the FA task,
whereas the remaining 40 (20, negative, 20 neutral) were presented in the DA task. Words
were counterbalanced across shown/unshown, and DA/FA conditions across participants. Of
the 80 words included in the encoding task, an equal number were shown in each of the four
colors; blue, red, green, and yellow. Word stems at recall were all presented in black font
and consisted of the first three letters of each word shown to the subjects.

Stimuli were presented on a Fujitsu Lifebook E746 using PsychoPy software. One
participant was tested at a time in a quiet, distraction-controlled room. Each participant
completed the DA and FA tasks (Figure 1). In the FA task, participants were shown a
negative or neutral word in one of four colors (red, green, blue, yellow) and were asked to
read the word aloud and press the spacebar when they had completed reading the word. This
was done to ensure participants were in fact reading the words and not simply pressing the
spacebar. In the DA task, participants viewed a negative or neutral word written in one of the
same four colors used in the FA task (red, green, blue, yellow). They were asked to indicate
the color of the word by pressing the key on the keyboard that corresponded to the color.
Color dots corresponding to each font color were placed on four letter keys on the keyboard.
It was presumed that content and word color would compete for attentional resources in the
DA task. Both the DA and FA task consisted of four blocks (two negative and two neutral)
of 10 trials each. Each trial consisted of a negative or neutral word followed by a fixation
cross for 0.5 s. Trials advanced after participants initiated a response or 15 s had elapsed.
Blocks of DA and FA tasks were presented in a counterbalanced order to prevent order
effects. The presentation sequence of words with respect to valence — negative vs neutral
words — was random. Reaction time (RT; milliseconds) and accuracy for key presses were
recorded on each trial for both task types.

Next, participants completed the explicit recall portion of the experiment. This included six
blocks containing 20 trials per block. In each trial, participants were shown a word stem

for 15 seconds corresponding to a word that was presented in the FA or DA task or was

not shown during encoding (control). Due to technical errors during recall task, participants
were tested on varying numbers of words viewed during FA and DA tasks. Thus, only
participants who were shown at least 50% of words from the encoding task were included in
analyses (at least 10 negative words & neutral words for both FA and DA tasks). On viewing
the stem of these words, participants were asked to type the remaining letters to complete
the word. The instructions explicitly directed the participants to complete the stems using
words they had seen in the DA and FA task and to not complete stems with simply anything
that came to mind. Accuracy and RT were recorded in the recall task, however only accuracy
was used in analyses for this portion of the experiment. This is because some of our
participants had difficulty using the keyboard to type words. To remediate this barrier to
session completion, those participants were instructed to say the word that completed the
stem aloud and the experimenter typed in their response verbatim. Accuracy was coded to
include correct responses that were misspelled.
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Analytic approach

Results

To examine the differential effect of negative vs neutral words during encoding, we used
t-tests to compare RT for reading negative vs neutral words in FA task and for color naming
negative vs neutral words for DA task separately. We did not directly compare the behavioral
responses from the FA and DA tasks during encoding because of differing task demands;

in the FA task participants read aloud the word and then pressed the space bar whereas

in the DA task they immediately pressed keyboard keys upon identifying word color.

After establishing effects of negative vs neutral words on encoding, we utilized Pearson’s
correlations to examine relationships between differential RT for negative vs neutral word
and PCL symptom severity in the FA and DA tasks. If relationships were determined to

be significant, regression analyses were used to test whether performance during FA or DA
conditions was uniquely related to symptom severity. Similarly, we evaluated relationships
of each PCL symptom clusters with behavioral measures.

Since recall for the words presented in FA and DA tasks was measured in an identical
manner, task performance was directly comparable. Hence, we examined the effects of
attention on recall using a repeated measures analysis of covariance (rmANCOVA) with
task type (FA and DA) and word type (negative vs neutral) as within-subject factors and
examined the effect of PTSD symptoms by using mean-centered PCL symptom severity as
a covariate. We also examined relationships of each PCL symptom clusters with behavioral
measures using them as a covariate.

First, we sought to examine performance while encoding negative vs neutral words (Table
1). In the FA task, mean RT for reading negative words was slower than for neutral words
(= —0.247, p= < .001). In the DA task, mean RT for naming the color of negative words
was marginally slower than that for neutral words (¢=0.097, p=.070). After establishing
task effects, we sought to examine whether PTSD symptomatology relates to behavioral
differences in encoding of negative vs neutral words. More severe PTSD symptoms were
associated with slower reading of negative vs neutral words in the FA task (p=.001) but not
with slower color naming of negative vs neutral words in the DA task (Figure 2, Table 1).
Furthermore, slower reading of negative vs neutral words in the FA task was significantly
related with all symptom clusters on the PCL, including re-experiencing (r=.107, p=.040),
avoidance (r=.162, o= .002), numbing (/= .161, p=.002), and arousal/hypervigilance
(r=.185, p< .001). However, slower color naming of negative vs neutral words was not
associated with any of the PTSD symptom clusters (all p’s > .05).

To examine the differential relationship of FA and DA task encoding with PTSD symptoms,
we conducted regression analyses with reading and color naming RT predicting PTSD
symptoms. These analyses revealed that there was overall a significant relationship between
encoding of negative vs neutral words and PTSD severity, /2= 0.029, p = .004.
Additionally, reading negative vs neutral words on FA task was uniquely associated with
PTSD symptoms, b= 18.425, p=.001, 95% CI [7.374, 29.475], even after controlling for
DA recall, 5=-3.489, p=.704, 95% CI [-21.407, 14.428].
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Next, we examined accuracy differences while recalling negative vs neutral words or
presented in the FA and DA tasks (Table 2). Results from an rm-ANCOVA showed a main
effect of task type, A1, 228) = 148.75, p < .001 such that words presented in the FA task
were recalled more accurately than words presented in the DA task, a main effect of word
type such that negative words were recalled more accurately than neutral words, A1, 228) =
12.66, p<.001 and a significant word type x PCL covariate interaction, A1, 228) =4.11, p
= 0.044 such that negative words were recalled more accurately than neutral words at higher
levels of PCL severity but the difference was lesser at lower levels of severity (Figure 3).
There were no task type x PCL, A1, 228) = 0.098, p = 0.754, task type x word type, A1,
228) = 1.85, p=0.175, and task type x word type x PCL, A1, 228) = 0.757, p=0.385
interactions. Results of rm-ANCOVA using PCL symptom clusters as covariates showed that
none of them uniquely interacted with task type or word types (all ps = NS).

Discussion

Attentional and memory biases towards trauma-relevant stimuli, specifically, and negative
stimuli in general play a key role in cognitive models of PTSD. However, attentional

biases in PTSD are typically examined using tasks in which attention is divided between a
task-relevant dimension and the emotional nature of stimulus. There is a paucity of research
examining how attentional biases may also manifest when emotional stimuli are processed
voluntarily due to cues and contexts in the task (Imbriano, Sussman, Jin, & Mohanty, 2019;
Sussman, Weinberg, Szekely, Hajcak, & Mohanty, 2017). Furthermore, the enhancement of
memory for trauma in PTSD has often been attributed to attentional biases during encoding
of content related to the trauma (Metzger et al., 1997). While studies have shown greater
attention and recall for trauma-relevant and generally negative information (for review,

see Cisler & Koster, 2010) in populations with PTSD, empirical studies examining how
these biased cognitive processes influence each other remain limited to date. Hence, in the
present study, we manipulated attention during encoding of negative and neutral words and
examined the differential relationships of their respective recall with PTSD symptoms in a
large sample exposed to the WTC terrorist attack.

Firstly, our results showed that encoding of negative vs neutral words was slower when
attention was fully deployed and marginally slower when it was divided across the trauma-
exposed sample. The slowed RT for negative vs neutral words is in line with research
showing that there is a generic slowdown for such words, whether they are the focus of
attention or distracting (Algom et al., 2004). It is hypothesized that negatively valenced
stimuli may involuntarily capture attention in a ‘bottom-up’ manner (e.g., Bar-Haim, Lamy,
Pergamin, Bakermans-Kranenburg, & Van ljzendoorn, 2007) or participants may voluntarily
pay greater attention to them in a ‘top-down’ manner (Mohanty & Sussman, 2013). Either
way, this effect may be increased in disorders that are characterized by heightened response
(behavioral and physiological) to threat (Niles et al., 2018; Sun et al., 2020) and inflated
expectations regarding threat (Grupe & Nitschke, 2013). In line with this, our results show
that when attention was fully deployed, longer encoding time of negative vs neutral words
was associated with PTSD symptoms even after controlling for encoding time during the
divided attention condition, and this relationship was for all PTSD symptoms including re-
experiencing, avoidance, negative cognitions, and arousal/hypervigilance. However, contrary
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to some earlier studies (Vythilingam et al., 2007; EI Khoury-Malhame et al., 2011), this
relationship was not observed when attention was divided (i.e., speed of color naming

of negative vs neutral words and PTSD symptoms). While the relationship between
slower color naming of trauma-relevant words and PTSD is more reliable, the relationship
between trauma-irrelevant negative words and PTSD is less reliable and has not survived
meta-analytic investigation (Joyal et al., 2019). Indeed, PTSD is characterized not only

by “capture” of attention by trauma-related stimuli typically assessed in divided attention
paradigms but also by greater vigilance for threatening information (Kimble et al., 2014)
and difficulty disengaging attention from trauma-related words (EI Khoury-Malhame et al.,
2011; Pineles, Shipherd, Mostoufi, Abramovitz, & Yovel, 2009; Pineles, Shipherd, Welch,
Yovel, 2007), suggesting the need for using more paradigms where threatening or negative
stimuli are task-relevant and the target of attention.

Secondly, in line with the idea that greater attention at encoding aids subsequent recall,

our results showed that words encoded when attention was fully deployed were recalled
more accurately than words encoded under divided attention. Similarly, in line with the

idea that negative words receive greater attention than neutral words and attention facilitates
recall, negative words were recalled more accurately than neutral words. Furthermore, more
accurate recall of negative vs neutral words was seen for more severe PTSD symptoms than
for less severe symptoms, irrespective of whether the words were encoded in full or divided
attention conditions.

Influential models of emotion-related memory enhancement propose that, compared to
neutral stimuli, emotional stimuli recruit greater cognitive resources such as attention,
distinctive processing, and organization which results in a memory benefit for emotional
stimuli (Talmi, Schimmack, Paterson, & Moscovitch, 2007; Talmi, 2013). It is possible

that even when attention is reduced in the DA attention task, emotional stimuli remain
distinctive and are easier to organize based on thematic relatedness than neutral stimuli

and are thereby associated with improved memory. Grouping by valence generally does

not override other types of grouping such as categorical relationships to influence memory
as evidenced by a lack of increase in false recognition for emotionally linked items in
college students (Choi, Kensinger, & Rajaram, 2013). However, emotion may still serve

as an organizational framework in individuals with heightened sensitivity to threatening
information. This stronger organization of the negatively valenced stimuli in PTSD could
operate as a schema to facilitate encoding and subsequent recall. Indeed, a similar argument
has been applied to explain intrusive memaories in PTSD, such that activation of systems

of traumatic information facilitate the accessibility of related traumatic memories (Foa &
Kozak, 1986; Hayes et al., 2012). For example, PTSD is thought to contain fear networks
in which nodes representing states of arousal (e.g., threats) predispose individuals to
interpret events (even innocuous ones) as potential threats. Furthermore, spreading activation
in this network leads to the triggering of related threat nodes that might result in the
development of intrusive recollections. Several theories assert that in PTSD, traumatic
autobiographical memories are highly associated with each other in that traumatic memories
can automatically activate other related memories (Ehlers & Clark, 2000; Weber, 2008).
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In addition to cognitive mechanisms like organization, arousal elicited by negative words
during encoding may encourage stronger memory for these words. It is hypothesized that
emotional arousal, for example, to the negative words results in activation of adrenergic

and glucocorticoid stress hormones, which help in consolidating memory (McGaugh, 2018;
Mohanty & Flint, 2001). One of the pathways in which stress hormones can influence
memory formation is through their enhancing effects on the amygdala (Cahill & McGaugh,
1998). Prior research has shown that improved accuracy for emotional stimuli is associated
with increased amygdala and hippocampal activity as well as greater coupling between

the two regions when processing emotional stimuli (Kensinger & Schacter, 2005). Indeed,
both physiological arousal (Keane et al., 1998) and amygdala activation in response to
trauma-related or generally emotional stimuli is exaggerated in PTSD compared to control
subjects (for review, see Pitman et al., 2012). Given the evidenced significance of arousal

in PTSD presentations, our results demonstrating a non-differentiated relationship between
symptom clusters, particularly the lack of a unique relationship between the hyperarousal
symptom cluster and recall biases towards negative information was non-intuitive. However,
this pattern of results suggests that recall biases for negative information might be more
broadly related to the mechanisms that influence not only hyperarousal symptoms but foster
other symptoms as well such as negative cognitions about the self and the world, avoidance
of traumatic reminders, etc.

One of the most prominent limitations of this work is that the results from our investigation
are prospective in nature and cannot establish temporal relationships between cognitive
variations and PTSD symptomatology due the cross-sectional nature of the design. As
additional waves of data are collected from this cohort of participants, future studies

will be able to investigate the stability of these cognitive effects, as well as whether
cognitive and behavioral biases for negative information might be able to inform or predict
symptom changes over time. In addition, there were challenges with our code and software
that limited use of the entire dataset in the recall task. However, we confirmed that the
participants who were excluded did not differ from the included participants and due to our
large sample size, we retained the power to examine our effects.

In sum, this investigation builds on previous work while also expanding on our
conceptualization and understanding of cognitive processes in PTSD. By focusing on

only trauma-relevant content, prior research has been limited to memory biases related to
retroactive events as opposed to thoroughly understanding downstream effects of trauma
exposure in future-oriented scenarios. Furthermore, this study highlights the importance of
attentional biases to negative stimuli that are task-relevant and the target of attention as

well as subsequent recall of negative information. Treatments for PTSD have focused on
influencing attentional biases for negative or aversive stimuli. However, assessment of this
intervention methodology has not yielded consistently promising results (Schoorl, Putman,
& Van Der Does, 2013). Incorporation of knowledge generated from the present study on
how voluntary attention and recall function for emotional information in PTSD can continue
to help inform treatment approaches that target cognitive processes. Although research on
trauma-related memory is crucial to our understanding of PTSD pathology, it is of equal
importance to understand how PTSD symptomatology may have bi-directional relationships
with cognitive processes that can influence schemas, beliefs, and expectations that trauma
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survivors then utilize to navigate their surrounding environments. Longitudinal research may
help elucidate whether cognitive vulnerabilities that are associated with PTSD symptoms are
present before trauma exposure, which may help differentiate pathological trajectories and
identify those at higher risk for this disorder.
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. Attentional biases to negative stimuli and their relationship with memory
biases in PTSD are understudied

. Higher PTSD symptoms were related to slower encoding of negative vs
neutral words viewed under full but not divided attention

. Higher PTSD symptoms were associated with more accurate recall of
negative vs neutral words, irrespective of whether words were viewed under
full or divided attention

. Attention voluntarily directed towards negative stimuli and their greater recall
may be important treatment targets for PTSD.
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Figure 1.
Design for the full and divided attention tasks
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Correlations between scores on the PCL and A. RT for reading negative vs neutral words
when attention was fully deployed. B. RT for naming color of negative vs neutral words

when attention was divided between the words and their color.
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Figure 3.

Figure is for visualization purposes only and depicts the word type x PCL interaction in
the Results section. Low and High PCL are groups based on PCL scores below the 25th
percentile (Low) and above the 75th percentile (High). Negative and Neutral Accuracy is
accuracy for recall of negative and neutral words collapsed across full and divided attention

tasks.
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Task performance during encoding and relationships with PTSD symptoms

Table 1.

Task Performance - Encoding

Correlations with
PTSD Symptoms

Negative Neutral t df D p Negative | p
Mean+SD | Mean+SD — Neutral
r
Full Attention (RT, in ms) 1021 +255 | 988+242 | 4.606 | 374 | —0.247 | <.001 | 0.170 .001
Divided Attention (RT, inms) | 972 £173 964 £171 | 1.817 | 374 | -0.097 | .070 -0.028 595
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Task performance during recall

Encoding Recall
Accuracy
Task type Word type | Mean+SD
Reading Negative 0.438 £ 0.012
Neutral 0.396 +£0.011
Color Naming | Negative 0.320 £ 0.010
Neutral 0.301 +0.009
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