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General Abstract 

Cognition in Regulatory Flexibility and Adjustment Following Major Life Events: 

A Three-Study Multi-Method Investigation 

Roland P. Hart 

This dissertation examines the relationships between cognitive control, regulatory 

flexibility, and adjustment following major life events across three empirical studies. Study 1 is a 

novel experiment that probes the impact of a numeric cognitive load on one component of 

emotion regulation repertoire — expressive flexibility — and compares findings between veteran 

and non-veteran samples. Study 2 is a cross sectional design that investigates the associations 

between context sensitivity, or the ability to detect the presence and relative absence of 

contextual cues relevant to emotion regulation, and components of working memory as measured 

by a verbally administered digit-span task. Study 3 is a longitudinal study that explores cognitive 

reserve as a predictor of post-stroke depression trajectories among a large sample of older adults. 

Results from these studies suggest that working memory plays a critical role in emotion 

regulation flexibility and psychological adjustment. Specifically, limiting working memory 

diminishes the ability to suppress emotional expression (Study 1), the ability to apply semantic 

knowledge to content held in working memory is positively associated with context sensitivity 

(Study 2), and greater pre-stroke working memory is associated with resilience to post-stroke 

depression (Study 3).
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Abundant evidence has demonstrated the role of emotion regulation in distinguishing 

health and psychopathology (Aldao 2013; Gross 2015). Although much of this work has 

emphasized the adaptiveness or maladaptiveness of specific strategies (Aldao et al., 2010), 

increasingly it has become apparent that the efficacy of a given strategy can vary markedly 

across situations and individuals (Bonanno et al., 2004; Kalokerinos et al., 2017; Troy et al., 

2013). Accordingly, recent theoretical models have argued that effective emotion regulation 

requires a flexible process in which strategy use is adapted to meet the demands of specific 

situational challenges (Aldao et al., 2015; Bonanno & Burton, 2013). Research in this area has 

burgeoned, as is evidenced by recent reviews on coping flexibility (Chang, 2014), emotion 

regulation flexibility (Aldao et al., 2015), and the broader perspective of regulatory flexibility 

that encompasses both coping and emotion regulation flexibility (Bonanno & Burton, 2013). 

Despite these advances, there remain many unanswered questions. Chief among these are 

questions about the possible role of cognitive processes and specific cognitive resources. 

Relatedly, there are also questions about how the relationship of these processes may vary across 

diverse groups or levels of psychopathology. 

In this dissertation, I explore these questions in three empirical studies. In the first study, 

I investigate the impact of cognitive load on one component of regulatory flexibility repertoire, 

expressive flexibility, while also assessing for potential differences in veteran and non-veteran 

samples. This study also investigates if the relationship between cognitive control and expressive 

flexibility has any bearing on military-to-civilian transition stress. The second study explores the 

relationship between working memory and context sensitivity while controlling for and 

examining associations with symptoms of depression and post-traumatic stress disorder (PTSD). 

Finally, the third study narrows in on the cognitive variables by investigating the relationship 
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between depression trajectories, cognitive reserve, and cognitive decline among a national 

sample of older adults who have suffered a stroke.  

 

Regulatory Flexibility 

Effective self-regulation in dynamic environments requires a flexible process to monitor 

and adapt regulatory strategies based on their perceived efficacy (Aldao et al.; Bonanno & 

Burton, 2013; Cheng et al., 2014). Moreover, the success and appropriateness of particular 

regulatory strategies are not universal but instead depend on the changing circumstances of a 

given situation. Adapting to stressors, according to Bonanno and Burton (2013)’s conception of 

regulatory flexibility, requires a three-step process termed the flexibility sequence (Bonanno, 

2021). On the first step, context sensitivity, the sequence is initiated with an evaluation of the 

presence or absence of pertinent situational cues to determine the nature of the situational 

challenge and the goal for subsequent self-regulation. On the next step, repertoire, a person 

selects and implements a regulatory strategy to meet that goal from among the strategies that 

person has at least some skill in implementing. On the third step, feedback, the individual 

monitors the relative success of their chosen regulatory strategy to determine if it should be 

maintained (if successful), modified or replaced (if unsuccessful), or abated (if no longer 

necessary).  

Regulatory flexibility is critical for healthy adjustment given that the efficacy of any 

particular regulatory strategy depends on the context in which it is employed (Bonanno et al., 

2004; Cheng, 2001; Cheng et al., 2014; Levy-Gigi et al., 2016). For instance, the ability to 

flexibly implement a diverse range of coping repertoire (e.g., distraction, suppression, avoidance) 

across a variety of situations has been linked to better mental health outcomes following adverse, 
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stressful, or potentially traumatic experiences (Bonanno et al., 2011; Cheng et al., 2014). 

Moreover, the ability to flexibly up-regulate (enhance) or down-regulate (suppress) emotion 

depending on the context of a given situation has also been associated with healthier adjustment 

(Bonanno, 2004; Ochsner et al., 2004). Following the implementation of a regulatory strategy, 

the ability to monitor internal responses and adjust strategies based on this feedback has been 

associated with greater wellbeing (Birk & Bonanno, 2016; Kato, 2017).  

In this dissertation, I will investigate variables related to the first two stages of the 

flexibility sequence, context sensitivity and repertoire, and discuss aspects of each below. 

 

Context Sensitivity 

When confronted with a situational challenge, we typically take stock of the cues to the 

nature of the stressor in our surroundings. There is some evidence to suggest, however, that 

different skills may be involved in detecting the presence versus the relative absence of 

situational cues (Bonanno et al., 2020). The ability to detect the presence of cues allows us to 

take in pertinent stimuli and determine how best to respond. Detecting the relative absence of 

cues, by contrast, involves ruling out any number of stimuli, a process akin to going through a 

checklist of what one might anticipate and eliminating each possibility. These are generally 

complex and rapid processes that apply meaning to situational perception. Sensitivity to 

contextual stimuli, or context sensitivity, promotes adaptation by informing the goals of 

subsequent regulation (Aldao, 2013; Bonanno & Burton, 2013), while insensitivity has been 

linked to psychopathology (Chen & Bonanno, 2021; Coifman & Bonanno, 2010; Feeser et al., 

2013; Rottenberg et al., 2005).  
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Repertoire and Expressive Flexibility 

Building on the emergent regulatory goals suggested by the situational context, the 

selection of an optimal regulatory strategy is next influenced by what a person is able to do 

effectively; more specifically, the range of strategies that a person might have in their personal 

strategy repertoire. Attempts to measure strategy repertoire have used (1) self-report, including 

assessing the number of strategies, their categorical variability, and their temporal variability (for 

review, see Bonanno & Burton, 2013), and (2) behavioral assessments that leverage experience 

sampling methods (Chen et al., 2023; Grommisch et al., 2022).  

Experimental approaches to repertoire have focused on capturing the ability to engage in 

contrasting or competing strategies. The expressive flexibility task (EFT; Bonanno et al., 2004), 

for example, assesses the ability to modulate between the suppression and enhancement of 

emotional expression (Bonanno et al., 2004). This work assumes that in some situations, such as 

comforting a loved one, enhancing expression is beneficial, while in other situations, such as 

feeling anger when trying to build rapport, expressive suppression is optimal. Expressive 

flexibility has been associated with good mental health, both concurrently (e.g., Chen et al., 

2018; Gupta & Bonanno, 2011; Shaungguan et al., 2022) and longitudinally (e.g., Bonanno et al., 

2004; Wang et al., 2022). Furthermore, the relationship of expressive flexibility to adjustment is 

especially prominent in the context of high distress and potential trauma (Bonanno et al., 2004; 

Levy-Gigi et al., 2020; Maccallum et al., 2021; Wang et al., 2022).  

 

Cognition and Regulatory Flexibility 

The dynamic process through which we flexibly regulate emotion shares many 

similarities with cognitive control, otherwise known as executive functioning (Kashdan & 
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Rottenberg, 2010; Pruessner et al., 2020). Cognitive control encompasses three overlapping 

components: inhibition, updating information in working memory, and shifting mental sets 

(Friedman & Miyake, 2017). Indeed, both regulatory flexibility and cognitive control are forms 

of goal-directed regulatory activity that respond to and interact with changing environments. 

What is more, regulatory flexibility and cognitive control are each supported by frontoparietal 

networks (Jurado & Rosselli, 2007; Niendam et al., 2012; Pruessner et al, 2020) with previous 

research demonstrating that successful emotion regulation relies on components of cognitive 

control (Braunstein et al., 2017; Joormann & Tanovic, 2015; Myruski et al., 2019; Myruski et al., 

2017; Ochsner et al., 2012; Schmeichel et al., 2008).  

Pruessner and colleagues (2020) created a model that attempts to integrate the dynamic 

elements of the regulatory flexibility model (Bonanno & Burton, 2013) into a cognitive control 

framework. Specifically, monitoring both the environment and feedback as well as holding 

mental representations of contextual demands and goals requires updating information in 

working memory. The identification stage (i.e., recognizing the necessity to instigate or cease 

emotion regulation) and strategy selection stage both require (1) inhibiting automatic prepotent 

responses that are not in line with one’s goals; (2) updating working memory to allow for newer 

and more relevant information; and (3) shifting to new strategies based on situational cues and 

feedback from monitoring. Finally, maintaining or implementing a particular strategy requires 

inhibiting irrelevant or interfering cues and updating information in working memory from 

monitoring.   

Working memory, in particular, has been shown to play a critical role in regulating 

emotion and applying regulatory strategies (Barkus, 2020; Pe et al., 2013; Xiu et al., 2018). 

Working memory is responsible for maintaining goal-directed processing in the presence of 
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distractors, which is necessary for sustaining regulatory strategies in dynamic situations. 

Moreover, some forms of stress (Schmeichel et al., 2008) as well as emotion dysregulation 

disorders, such as anxiety (Moran, 2016), depression (Christopher & MacDonald, 2005), and 

PTSD (Schweizer & Dalgleish, 2011), have been associated with limited working memory 

capacity which could exacerbate afflicted individual’s ability to regulate in dynamic situations 

flexibly.  

 

Cognition and Context Sensitivity 

Only one published study has explicitly examined the relationship between cognitive 

control and context sensitivity. Myruski and colleagues (2017) measured event-related potentials 

during an emotional inhibitory control task and established that greater allocation of attentional 

resources to emotionally salient contextual stimuli was positively associated with well-being and 

negatively associated with symptoms of psychopathology. Their results suggest that inhibitory 

control fosters the ability to discriminate relevant from irrelevant contextual stimuli, which in 

turn promotes greater flexibility. Furthermore, Pruessner and colleagues (2020) argued that the 

mental representation of contextual goals and demands requires updating working memory. 

Specifically, evaluating and creating mental simulations of possible responses to a stressor 

situation relies on holding perceived stimuli in working memory while simultaneously coding 

this information. The relationship between context sensitivity and working memory, which of the 

cognitive control variables currently holds the most theoretical and empirical support, is 

discussed further below and investigated in Study 2.  

The role of cognitive flexibility (i.e., the ability to shift attention between distinct mental 

sets or task demands) in context sensitivity is relatively ambiguous. Although not implicated as a 
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component of monitoring by Pruessner and colleagues (2020), the ability to adapt to dynamic 

situational cues and demands requires cognitive flexibility (Braem & Egner, 2018; Siqi-Liu et 

al., 2022). Cognitive flexibility may be relevant in adapting the search for and anticipating 

contextual cues but has not previously been studied in this regard.  

The speed at which absent cues can be ruled out may also facilitate greater sensitivity. 

While not considered a distinct component of cognitive control, processing speed nonetheless 

impacts executive functioning (Salthouse, 1996), decision-making (Galandra et al., 2020), and 

emotion regulation (Brothers et al., 2022). Although processing speed has not yet been 

investigated explicitly in relation to context sensitivity, it has been linked to relevant factors such 

as recognizing facial emotions (Rosenberg et al., 2015) and responding to threatening stimuli 

(Flykt, 2005).  

 

Cognition and Expressive Flexibility 

Although expressive flexibility is assumed to require cognitive resources, only limited 

direct empirical evidence on this assumption is available (Bonanno et al., 2004). An 

experimental study employing facial electromyography (EMG) demonstrated a positive 

association between expressive suppression and working memory capacity, arguing that working 

memory facilitates voluntary control of facial expressions (Schmeichel et al., 2008). Although 

unable to directly replicate this finding, Hendricks & Buchanan (2016) did find a relationship 

between working memory and negative affect in a similar experimental paradigm, suggesting 

that simultaneously regulating facial expressivity and emotional experience requires greater 

working memory capacity. Bonanno and colleagues (2004) have also shown that expressive 

modulation negatively impacts recall for visual stimuli, concluding that working memory and 
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cognitive resources are required for expressive modulation. Furthermore, neuroimaging has 

linked expressive suppression to the dorsolateral prefrontal cortex (Dörfel et al, 2014; Phillips et 

al., 2008), a region that is critical for working memory function (Barbey et al., 2013). Taking 

these results together, those who are able to successfully modulate expressivity may need more 

cognitive resources to regulate affect or vice versa. 

 

Obstacles to Studying Cognition and Flexibility 

Despite a rich theoretical literature suggestive of the role of cognitive control in 

regulatory flexibility, research in this area has proven challenging and yielded heterogeneous 

results (Hendricks & Buchanan, 2016; Pruessner et al, 2020; Schmeichel et al., 2008). For 

instance, experimental manipulations are often hampered by myriad nuances inherent in emotion 

regulation, which can range from automatic to controlled processes, involve either implicit or 

explicit goals, and vary in the extent to which they require cognitive resources, especially when 

implemented in real-world situations.   

Given the complexities of measuring cognitive control in these contexts, a potentially 

viable approach to assessing Pruessner et al.’s (2020) model would be to encumber cognitive 

control to investigate the degree that it might impede flexibility. Working memory is the sole 

component of cognitive control proposed to be involved at each step of regulatory flexibility 

(Pruessner et al., 2020; Schmeichel et al., 2008). For example, strategy stopping and switching 

rely on updating mental sets in working memory with mutable contextual information, while 

strategy maintenance requires amending held goals and demands. Further, working memory is 

critical for considering contextual information to determine if a strategy is adequate, necessary, 

and effective.  
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One way to disrupt working memory would be to increase cognitive load, which could be 

done by augmenting a flexible regulation task with a number series that must be held in working 

memory (e.g., Wang et al., 2020). Cognitive load theory argues that humans possess finite 

working memory resources; there is a set capacity for how much information can be held at any 

given time (Paas et al., 2016; Plass & Kalyuga, 2019; Sweller, 2011). If updating is a required 

component of regulatory flexibility, engaging working memory with non-relevant stimuli should 

hamper the ability to flexibly and effectively implement regulatory strategies. I investigate this 

question in in Study 1. 

 

Cognitive Reserve 

Cognitive reserve is a concept that refers to the brain’s ability to maintain normal 

cognitive function despite experiencing age-related changes or damage due to disease and injury 

(Stern 2002; Stern 2009). Cognitive reserve builds over an individual’s lifetime through an 

amalgamation of genetic factors, environmental influences, and life experiences that increase the 

likelihood of resilience and recovery following neurologic injury. Examples include educational 

and occupational attainment, intelligence, social engagement, physical activities, healthy lifestyle 

factors, and brain plasticity. These factors are associated with expedited recovery and longer 

sustained functionality in the context of Parkinson’s Disease (Meng & D’arcy, 2012), traumatic 

brain injury (Steward et al., 2018), stroke (Rosenich et al., 2020), and neurodegenerative 

disorders such as Alzheimer’s Disease (Stern, 2012).  

 Cognitive reserve and its proxy measures (e.g., education, occupation, socioeconomic 

status) have been associated with fewer symptoms of depression following major medical illness, 

such as stroke (Marsh et al., 2018; Tao et al., 2023). Further, cognitive reserve has been shown to 
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lessen post-stroke cognitive impairment and increase the likelihood and extent of cognitive 

recovery (Rosenich et al., 2020; Umarova et al., 2019). The neuroprotective influence of 

cognitive reserve may be related to greater baseline adaptive neuroplasticity, which provides a 

greater capacity for dynamically modulating cortical circuitry following acute life stressors and 

neurological damage (Freret et al., 2015). This plasticity may support neurological resilience to 

brain damage and, as a consequence, mitigate the severity of common postmorbid sequelae such 

as depression (Conroy et al., 2020).  

Previous research has demonstrated a relationship between cognitive reserve, cognitive 

abilities, and depression (Perrain et al., 2021; Rosenich et al., 2020). For example, Lara and 

colleagues (2021) assessed a longitudinal sample of older adults, with results showing that those 

with low reserve and high levels of depression exhibited poorer memory performance relative to 

non-depressed subjects with greater cognitive reserve. Lin et al. (2020) have similarly 

demonstrated via neuroimaging that education attenuates the effects of depression on 

neurocognitive functioning among older adults. Moreover, the bidirectionality of cognition and 

depression affecting one another has been demonstrated longitudinally among stroke patients 

(Robinson & Jorge, 2016) and general geriatric populations (Guo et al., 2023). While these 

relationships have been established in normal aging, no study has directly assessed the 

constellation of cognitive reserve, depression, and postmorbid cognitive functioning in the 

context of stroke. I discuss these relationships in more detail below and in Study 3. 
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Cognition and Adjustment in Diverse Populations 

Military Veterans and Transition Stress 

In addition to possible exposure to loss and trauma, the military-to-civilian transition 

presents several potentially stressful adjustments, including but not limited to beginning a new 

profession or career, moving locations, returning to school, rejoining non-military communities, 

and readjusting to civilian norms and laws (Castro et al., 2019; Cooper et al., 2018; Mobbs & 

Bonanno, 2018). These significant and sometimes acute changes may cause a great deal of 

distress to transitioning service members, potentially instigating or exacerbating mental health 

problems such as posttraumatic stress disorder (PTSD), depression, and feelings of loneliness 

and isolation. While research into veteran mental health has historically focused on military-

related trauma and PTSD, transition stress has been relatively less studied, and the mechanisms 

and conditions for healthy readjustment largely remain empirically undetermined (Mobbs & 

Bonanno, 2018).  

Previous research has shown a relationship between components of regulatory flexibility 

and mental health among veterans. For example, Rodin and colleagues (2017) demonstrated that 

expressive flexibility is associated with PTSD among post-9/11 OEF/OIF U.S. military veterans. 

Veterans who met criteria for PTSD had significantly weaker expressive enhancement abilities, 

meaning they were less able to enhance their expression of emotion based on situational 

demands, compared to veterans without PTSD. Suppression ability, however, did not differ 

between veterans with and without PTSD.  

Given that disorders such as depression and PTSD are characterized by affect 

dysregulation and social isolation, the ability to flexibly modulate emotional expression may 

improve or foster social interactions in addition to abetting emotion regulation (Gupta & 



 13 

Bonanno, 2011). This ability, in turn, may aid in military-to-civilian transition, as social isolation 

and loneliness are detrimental to veteran mental health (Wilson et al., 2018). Furthermore, 

expressive control may be particularly advantageous to active military personnel in life-

threatening situations when it is imperative to maintain emotional control and composure. 

However, potential differences in expressive flexibility between veteran and non-military 

populations remain unknown, as no published study to date has assessed the expressive 

flexibility of these populations simultaneously. These potential differences are investigated in 

Study 1.  

 

Older Adults and Post-Stroke Depression 

Depression is a common outcome following stroke, with an estimated one-third of 

survivors developing post-stroke depression (Hackett & Pickles, 2014). This is largely attributed 

to functional quality of life changes following stroke and acquired cognitive deficits such as 

aphasia (Ashaie et al., 2023). Between 30% and 80% of people demonstrate cognitive 

impairment in some form following stroke (Rosenich et al., 2020). Common post-stroke deficits 

include declines in memory, attention, and executive functions (Rost, et al., 2022), all of which 

are associated independently with depression (Rock et al., 2014). Moreover, cognitive reserve is 

believed to be protective against post-stroke depression (Perrain et al., 2021; Tao et al., 2023). 

Multiple studies have also shown that cognitive reserve mitigates the deleterious effects of stroke 

on cognition (e.g., Farfel et al., 2013) and moderates the association between mood and 

cognition (e.g., Opdebeeck et al., 2015).  

The most common reaction to acute, stressful, and or potentially traumatic events is 

resilience (Bonanno et al., 2011). This has been demonstrated in a variety of contexts such as 
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survivors of disease (e.g., Bonanno et al., 2008), exposure to disasters (e.g., Bonanno et al., 

2006), and following major medical events such as spinal cord injury (Bonanno et al., 2012). 

Much of this work has relied on latent growth mixture modeling (LGMM), a statistical technique 

derived from structural equation modeling (Bonanno et al., 2011; Muthen, 2004). LGMM allows 

for the extraction of multiple means within longitudinal data, affording the ability to track 

distinct response patterns in a heterogenous sample.  

To date, only a single brief report has examined post-stroke depression trajectories via 

LGMM, indicating that resilience was the most common outcome (Kang, 2021). This study also 

showed that the depression trajectories predicted general cognitive functioning, which was 

strongest among resilient participants. Although the study provided initial evidence that the 

prototypical trajectories of depression generalize to post-stroke data, its findings were limited by 

use of only a minimum number of timepoints necessary to conduct LGMM (i.e., 3 timepoints), a 

relatively small sample size, and deviation from established LGMM approaches that use 

depression trajectories as an outcome rather than predictor variable (Bonanno et al., 2023). In 

this paper, we attempted to replicate and extend these findings by using a larger sample with 

more time points, and by assessing specific cognitive and demographic variables at baseline as 

predictors of the post-stroke depression trajectories. 

 

The Thee Studies 

 Objectives and methodological details for the three proposed studies are presented below. 

The first study (Hart et al., 2024) has been published in Cognition & Emotion. The second study 

is in press at Anxiety, Stress, & Coping and while the third study is under review at Injury, 

Function & Rehabilitation. 
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Methods 

Study 1 

The first study extends research on expressive flexibility by further investigating two key 

assumptions of the flexibility paradigm. First, although expressive flexibility is assumed to 

require cognitive resources, only limited direct empirical evidence on this assumption is 

available (Bonanno et al., 2004). Accordingly, I compared trials in participants engaged in an 

expressive flexibility task while simultaneously completing an additional cognitive load task 

with trials that did not involve the cognitive load task. Second, extending evidence that 

expressive flexibility is especially important for mental health in the context of high stress and 

adversity, I compared the impact of cognitive load on expressive flexibility among samples of 

military veterans and non-veterans.  

The aims of this study are twofold. First, to examine the relationship between cognitive 

control and regulatory flexibility, I embedded a numeric cognitive load task within the 

expressive flexibility task (EFT) to experimentally determine if limiting executive resources, 

specifically working memory, impaired the ability to implement and maintain this regulatory 

skill. I hypothesized that cognitive load diminishes expressive modulation abilities relative to 

experimental trials without cognitive load. Considering previous research has demonstrated that 

the presence of a cognitive load may diminish emotional reactivity (e.g., Van Dillen et al., 2009), 

self-reported emotional intensity was collected to control for this effect. Second, I compared 

expressive abilities between veterans and non-veterans to elucidate potential differences in 

expressive flexibility between these populations. To the best of my knowledge, no published 

study has explicitly examined patterns of expressive flexibility with veterans and non-veterans in 

tandem.  
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Because combat and combat training require maintaining composure in cognitively 

demanding situations, I hypothesized that veteran emotional expression would be less affected 

by cognitive load relative to non-veteran participants. Additionally, I anticipated that expressive 

modulation would be associated with measures of well-being. Finally, I hypothesized that both 

suppression and enhancement abilities would be negatively correlated with a measure of 

military-to-civilian transition stress among veteran participants, as expressive flexibility may 

foster social relations, which is critical in the transition process (Ainspan et al., 2018). 

 

Study 1 Participants & Procedures 

A priori power analysis indicated that a minimum of 106 participants was sufficient to 

have a power of .95 with a medium effect size (f = .25) for a repeated measures ANOVA with 2 

groups and 2 measurements. Participants (N = 117), including 42 veterans and 75 non-veterans, 

were recruited via Reddit. Requirements for eligibility included being between the ages of 18 

and 70, residing in the U.S., and having a working webcam and stable internet access to remotely 

complete study procedures. Two non-veteran participants were excluded from data analyses due 

to ingenuine effort and interference on the expressive flexibility task (e.g., communicating with 

others during the experiment) and are not included in the sample total above. 

Veteran participants from all branches of the U.S. military were invited to participate if 

they served after 9/11/2001. Veteran participants represented all major branches of the U.S. 

Armed Forces except for the Coast Guard. Years of active duty ranged from 2-29 years. 31 

participants (75.6%) were deployed at least once and 21 (50.0%) reported being injured in the 

line of duty. Military rank was diverse among this sample, ranging from Private First Class (E-3) 

to Colonel (O-6).  
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 The Teachers College, Columbia University IRB approved all study procedures and 

materials. Eligible participants were consented and then sent a survey that included demographic 

information. Veteran participants additionally completed military demographics and a measure 

of military-to-civilian transition stress. Participants who completed the survey were then 

scheduled for an experiment conducted remotely via Zoom. Veteran participants were asked to 

provide verification of veteran status (e.g., DD214) during this appointment. Participants were 

then trained on the Expressive Flexibility Task (EFT) before completing a twelve-block version 

of the EFT using a web application built specifically for this study. After completing the EFT, 

participants were debriefed on the nature of the study and reimbursed.  

The Expressive Flexibility Task (EFT) is an experimental paradigm in which participants 

are told they will be looking at emotionally evocative images while attempting to communicate 

or conceal what they are feeling using only their facial expressions, or simply view the images as 

they normally would (Bonanno et al., 2004). In the current study, participants were told they are 

participating in a study of emotional communication in an experiment titled the “Emotional 

Communication Task.” They were informed that another participant would be viewing their 

recordings to try and guess what they are feeling. Another participant did not actually view their 

recorded performance and participants were debriefed about the deception at the end of the study 

session.  

The EFT for the present study followed a 2x3 within-subject design that included 12 fully 

randomized blocks, 6 with and 6 without cognitive loads across 3 expressive conditions: 

enhance, suppress, and view normally (control). For the enhance conditions, participants were 

instructed to make it easier for the other participant to guess what they are feeling; for the 

suppression blocks, participants were instructed to make it harder to guess what they are feeling. 
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For the view only blocks, participants were told that no one would be viewing the recordings and 

they could simply view the images as they naturally would. All images were negatively 

valanced, and selected from the International Affective Picture System (IAPs; Lang et al., 1997). 

Image presentation was balanced by block for negative intensity (Mintensity = 2.53, SD = 0.66) and 

arousal (Marousal = 5.79, SD = 0.65) using normative data provided by IAPs.  

Participants were given instructions to either enhance or suppress their emotional 

expression or just view the images as they normally would. They were then presented with 5 

images they viewed for 10 seconds each, with a 4-second fixation cross presented between each 

image. Finally, the participants rated the intensity of their negative emotions experienced, such 

as sadness, anger, or disgust, on a scale from 1 to 7 after viewing the images.  

The cognitive load EFT trials largely follow the same format as the trials without a 

cognitive load. However, participants were additionally presented with a 7-digit number series 

they must hold in working memory while viewing the set of images. Participants were informed 

in the instructions slide that they were about to be given 7 numbers that they must recall in order 

of presentation after viewing the set of images. The number series was presented for 10 seconds 

immediately following the instructions slide. Participants then began the EFT as detailed above. 

After viewing the set of images, participants were instructed to type the number series as 

presented. To ensure that participants devoted adequate resources to the cognitive load, trials 

where participants misreported multiple digits of the number series were excluded from data 

analyses. Overall, 90% of cognitive load trial data were retained. 

All EFT video was recorded and then separated by expressive (i.e., enhance, suppress, 

view) and cognitive load conditions. Three untrained coders, all masters students in a psychology 

program, rated how much negative emotion they observed in each block of expressive behavior 
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on a scale from 1 (no negative emotion) to 6 (extremely negative emotion). Coders were blind to 

study conditions, ignorant to the purpose of the experiment, and rated expressed emotion 

subjectively, independent from other coders. The coders ratings showed good inter-rater 

reliability (ICC = .79). Adhering to the methods of previous studies (e.g., Bonanno et al., 2004), 

expression modulation ability scores were calculated for each participant by comparing mean 

ratings for that participant across conditions as follows. Enhancement ability was scored as the 

extent to which a participant is able to express more emotion relative to the control condition. 

Suppression ability was the extent to which a participant was able to express less emotion 

relative to the control condition. These calculations for expressive modulation abilities were 

performed separately for the cognitive load and no-load conditions.  

 

Study 1 Measures 

 The Military-to-Civilian Questionnaire (M2C-Q) is a 16-item self-report questionnaire 

that assesses post-deployment community reintegration difficulty or military-to-civilian 

transition stress (Sayer et al., 2011). Items pertain to perceived difficulties experienced over the 

past 30 days, such making new friends, getting along with family members, and finding or 

keeping a job. Participants make ratings on a 5-point Likert scale ranging from “no difficulty” to 

“extreme difficulty,” with higher scores indicating greater military-to-civilian transition stress. 

Only veteran participants completed the M2C-Q, demonstrating excellent inter-item reliability (α 

= .95). 
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Study 2 

The second study assessed the relationship between working memory and context 

sensitivity via a cross-sectional online study. Working memory was measured by two subtests a 

verbally administered digit span task: WAIS-IV digit span forwards and sequencing. I 

anticipated that basic working memory and the ability to apply semantic knowledge to content 

held in working memory would be positively associated with the ability to detect both cue 

presence and cue absence. To control for the well-established effects of PTSD and depression on 

cognitive control (Nuño et al., 2021) and between depression and cue absence (Bonanno et al., 

2020), symptom inventories were included in all analyses. As has been previously found, I 

anticipated that cue absence will be inversely associated with symptoms of psychopathology. 

 

Study 2 Participants & Procedures 

A priori power analysis determined that a minimum number of 107 participants was 

necessary for power of .95 with a medium effect size (f2 = .15) using hierarchical regression with 

2 tested predictors (i.e., Digit Span Forward and Sequencing) and 4 total predictors (i.e., PCL, 

CESD, and the two Digit Span variables). Participants (N = 112) were recruited via the social 

media website Reddit. Recruitment posts were advertised to various subreddits for people 

looking to volunteer for research studies (e.g., r/PaidStudies). To participate in this study, 

participants were required to be between the ages of 18 and 70, have a working webcam and 

stable internet connection, and reside in the United States. Participant location was confirmed by 

Qualtrics geotagging; participants whose geotags fell outside of the U.S. or showed an 

inconsistent location (e.g., in Boston one day and Los Angeles the next) were excluded.  
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The Teachers College, Columbia University Institutional Review Board (IRB) approved 

all study recruitment materials and procedures. Participants initially completed an online survey 

including the study consent, demographics, multiple clinical measures, and an embedded 

attention check. After completing the survey, participants who passed the attention check were 

scheduled for a Zoom video meeting to assess working memory via the Weschler Adult 

Intelligence Scale IV (WAIS-IV) Digit Span, administered by trained masters and doctoral-level 

research assistants. Participants who failed the attention check or who did not complete Digit 

Span were excluded from the data analysis. After completing all study procedures, participants 

were thanked and reimbursed for their time.  

 

Study 2 Measures 

Digit Span, adapted from the Wechsler Adult Intelligence Scale IV (WAIS-IV), is a test 

of working memory where participants are asked to repeat orally presented number series 

(Wechsler, 2008). Two subtests of Digit Span were used in this study, including Digit Span 

Forward, where participants were asked to repeat digits read aloud to them in order of 

presentation (e.g., if presented with “4-5-1” the participant should respond “4-5-1”), and Digit 

Span Sequencing, where participants are instructed to state the digits read aloud to them in order 

from smallest to largest (e.g. if presented with “4-5-1”, the participant should respond “1-4-5”). 

In each subtest, the length of the sequence increased until the respondent was no longer able to 

recall the digits correctly on two consecutive trials of the same length. While both subtests are 

considered measures of working memory, Digit Span Forward additionally captures basic 

attention, and Digit Span Sequencing measures the ability to apply semantic knowledge to 

information held in working memory.  
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 The Context Sensitivity Index (CSI) is a 20-item self-report measure of the ability to 

accurately detect the presence and relative absence of contextual cues relevant to emotion 

regulation across various situations (Bonanno et al., 2020). Participants were presented with six 

brief hypothetical scenarios (e.g., “You are walking alone down a street when you see a person 

slip and fall. They hit their head when they land.”) with diverse situational demands. For each of 

these scenarios, participants rate (1) how much control they have over what happens next, (2) 

control by others over what happens next, (3) the urgency of their response required, (4) the need 

for cooperation from others, (5) the amount of uncertainty, and (6) how threatening the situation 

is on a 7-point Likert scale ranging from “None/Not at all” to “Very much/Extremely.” 

Responses are then scored and summed for each subscale, with higher scores representing 

greater context sensitivity.  The CSI also produces two subscales: Cue Presence which measures 

sensitivity to contextual cues, and Cue Absence, which measures sensitivity to the relative 

absence of contextual cues. 

 The PTSD Checklist for the DSM-5 (PCL) is a self-reported measure of posttraumatic 

stress (PTS) symptom severity (Weathers et al., 2013). Items include 20 symptoms of PTSD and 

inquire how bothersome each symptom has been over the past month. Responses are made on a 

5-point Likert scale that ranges from “not at all” (0) to “extremely” (4). These responses are then 

summed with greater scores indicating more distress related to a potentially traumatic 

experience. The PCL demonstrated excellent inter-item reliability (α = .96). 

 The Center for Epidemiologic Studies Depression Scale Short Form (CESD) is a 10-item 

self-report survey that assessed the frequency of depressive symptoms experienced over the past 

week (Andresen et al., 1994). Responses are on a four-point Likert scale and range from “not at 
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all” (0) to “all the time” (3), with higher summed scores indicating more severe depressive 

symptoms. Inter-item reliability (α = .90) was excellent for the CESD.  

 

Study 3 

 The third and final study assesses the relationship between depression and cognitive 

variables among a national sample of older adults who have experienced a stroke. I initially 

applied LGMM to identify the presence of distinct trajectories of depression following stroke. 

Research has repeatedly shown that the majority of individuals are resilient to depression 

following major medical (e.g., Bonanno et al., 2012) and acutely stressful events (Bonanno et al., 

2011). I anticipated the same would be observed among my sample, demonstrating that 

resilience is the most common depression trajectory following stroke. As has been observed in 

similar trajectory studies (e.g., Kang 2021), I hypothesized that trajectories including chronicity, 

recovery, and delayed onset would also be observed, albeit with fewer participants collectively 

relative to resilience. 

 After identifying trajectories of depression, I then assessed cognitive variables associated 

with trajectory membership. Considering previous research has demonstrated the protective 

influence of cognitive reserve among stroke survivors (Marsh et al., 2018; Tao et al., 2023), I 

anticipated that participants in the resilience trajectory would have the strongest premorbid 

cognitive abilities (i.e., cognitive reserve) relative to the other groups while the chronicity 

trajectory would have the weakest premorbid cognitive abilities. Moreover, I expected that the 

extent of cognitive decline following stroke would be more strongly associated with chronic and 

delayed depression trajectories relative to resilience and recovery trajectories. In other words, 
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participants who did not experience long-term depression following stroke would retain their 

cognitive abilities better than those who were depressed in the years following their stroke.  

 

Study 3 Participants & Procedures 

Data for this study was obtained from the RAND Health and Retirement Study (HRS), a 

large-scale longitudinal study tracking American older adults (N = 128,908) sponsored by the 

National Institute on Aging. Permission for the use of these data was obtained from the 

University of Michigan Institute for Social Research in April, 2020 which included data 

collected between 1992 and 2016. A subset of this sample was then identified by selecting only 

participants who (1) had a stroke, (2) had data immediately prior to their stroke, (3) survived for 

at least two years following their stroke, and (4) had joined the study following the 

implementation of a brief cognitive assessment. Participants who experienced multiple strokes 

within the first 6 years of their initial stroke were excluded from data analysis. The final sample 

consisted of N = 2,298 participants.  

 Participants in the HRS study were born in the U.S. between 1931 and 1947 and 

complete follow-up visits once every 2 years from the ages of 50 until death. During each 

follow-up visit, they complete a brief interview pertaining to major events experienced since 

their prior visit (e.g., heart attack, stroke, bereavement, etc.). In addition to collecting interval 

history, research staff also administer a brief mental status examination and memory assessment 

that are then summed to calculate an overall cognition score (see measures for details). Due to 

the lack of data describing stroke type as well as the potential for diffuse or variable damage to 

the brain following stroke (e.g., Rosenich et al., 2020; Tu et al., 2018), only total overall 

cognition was used among the cognitive variables.  
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 Participant data was reorganized using the floating baseline procedure (Galatzer-Levy et 

al., 2010; Galatzer-Levy & Bonanno, 2014) based on the following timepoints. Timepoint 0 (T0) 

signifies the most recent pre-stroke data while Timepoint 1 (T1) signifies the most immediate 

post-stroke time point. The exact date of the stroke was not available but all participants had 

experienced a stroke sometime in the 2 years between data collection timepoints. Timepoint 2 

(T2) was collected 2-4 years post-stroke and Timepoint 3 (T3) was collected 4-6 years post-

stroke. 353 participants died prior to the collection of T2 and an additional 301 participants died 

prior to the collection of T3.  

 

Study 3 Measures 

Continuous Cognitive Variables in the HRS study include immediate and delayed word 

recall, serial 7s (i.e., respondents are asked to count backward from 100 by 7), and vocabulary. 

These brief assessments were collected on a portion of the total sample (N = 1,375) at pre-stroke 

bassline (T0) with greater total scores indicating stronger premorbid cognitive abilities across 

distinct cognitive domains detailed below. Additional details on these measures, administration, 

and scoring can be found in Ofstedal et al. (2005).  

Immediate and delayed word recall is a rote list learning task used to assess learning and 

memory. Participants were initially read a list of 10 nouns and then asked to recall as many 

words from the list as possible in any order. Immediate word recall represents the total number 

of accurately recalled words; scores ranged from 0 to 10 with greater values indicating stronger 

rote learning abilities. After a 5-minute delay, respondents were once again asked to recall as 

many words as possible from the previously presented list; again, scores ranged from 0 to 10 

with higher values indicating stronger memory abilities.  
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Serial 7s is a cognitive task used to assess executive functioning, particularly the ability 

to maintain and manipulate information in working memory actively. Respondents were asked to 

subtract 7 starting from 100 and continue until instructed to stop when they reached 65. 

Cognitively, participants must remember the current number and the result of the previous 

subtraction and perform mental arithmetic while adapting to the changing sequence. Scores 

range from 0 to 5, with a greater value indicating more accurate task performance and, thus, 

stronger executive functioning. 

Vocabulary was assessed in order to measure crystallized or established intelligence. 

Adapted from the Wechsler Adult Intelligence Scale-revised (WAIS-R; Wechsler, 1987), 

participants were asked to define a predetermined set of five words (e.g., repair, plagiarize, 

audacious) and could earn up to two points per item based on the accuracy and completeness of 

their response. Summed scores ranged from 0 to 10 with higher values indicating greater 

established intelligence.  

The Center for Epidemiologic Studies Depression Scale Short Form (CESD) is a self-

report survey consisting of 10 items that assess the occurrence of depressive symptoms within 

the preceding week (Andresen et al., 1994). Participants respond using a four-point Likert scale, 

varying from "absolutely not" (0) to "constantly" (3), where greater total scores are indicative of 

more pronounced depressive symptoms. The CESD is collected at each time point (T0 to T3) and 

will be used to identify prospective trajectories of post-stroke depression. Moreover, T0 CESD 

was used to control for premorbid (T0) depression levels. 
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Data Analysis 

Study 1 

In this study I began by examining whether cognitive load recall accuracy (i.e., whether 

participants successfully or failed to recall at least 50% of the number series on cognitive load 

trials) differed across EFT conditions (enhance, suppress, and view only) using chi-square 

analyses, yielding non-significant results. I then assessed for differences in participants' 

subjective emotion ratings between cognitive load and no-load conditions via a one-way 

ANOVA, again revealing non-significant results. These analyses indicated that EFT conditions 

had no bearing on cognitive load recall accuracy and that the cognitive load did not impact 

subjective emotional intensity, respectively.  

Following these preliminary analyses, I calculated simple correlations military-to-civilian 

transition stress and EFT expressive modulation ability scores (enhancement ability and 

suppression ability), both with and without cognitive load. Next, to examine the hypothesized 

influence of cognitive load, I conducted a 2x2 repeated measures analysis of variance (ANOVA) 

on expression modulation ability scores. Within-subject factors included cognitive load 

(presence/absence) crossed and EFT condition (i.e., suppress/enhance); between-subject factors 

included veteran status and gender. I implemented a full factorial model to assess potential 

interactions between demographic factors and experimental conditions. Finally, significant 

interactions were explored by examining simple effects using Bonferroni's adjustment for 

multiple comparisons. 

 
Study 2 

I began by assessing simple correlations between Digit-Span Forward (i.e., working 

memory and basic attention), Digit-Span Sequencing (i.e., the ability to apply semantic 
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knowledge to content held in working memory) and self-report measures (PTSD, depression, and 

context sensitivity). To probe these relations further, I conducted hierarchical linear regressions 

to examine if components of working memory capacity are associated with the ability to detect 

the presence of situational cues (CSI Cue Presence subscale) and the absence of specific 

situational cues (CSI Cue Absence scales), respectively, while controlling for symptoms of 

posttraumatic stress (PCL) and depression (CESD). These analyses were run separately for the 

Cue Presence and Cue Absence scales. In the first model, Cue Presence was regressed on CESD 

and PCL on the first step and the two Digit Span subtests in the second step. Likewise, the 

second hierarchical model, Cue Absence was regressed on Digit Span Forward and Digit Span 

Sequencing while controlling for symptoms of PTSD and depression. 

 

Study 3 

Latent growth mixture modeling (LGMM) was performed to identify trajectories of 

depression (CESD) from up to two years pre-stroke to four to six years post-stroke (Muthén & 

Muthén, 2012). I explored intercept, slope, and quadratic parameters as either random or fixed 

effects. In the final models, both slope and intercept variances were allowed to be freely 

estimated, and quadratic parameters were nonsignificant and thus removed to facilitate model 

convergence. Model solutions from 1 to 5 classes were compared by model fit indices, including 

Akaike (AIC), sample-size adjusted Bayesian Information Criteria (SSABIC), Entropy, Lo-

Mendell-Rubin adjusted Likelihood Ration Test (LMR-LRT), and Bootstrap Likelihood Ratio 

Test (BLRT). In addition, I excluded solutions with infrequent classes (< 5%) because these tend 

to be unstable and difficult to replicate (Nylund-Gibson & Choi, 2018). The choice of best-fitting 

solutions was based on these indices, theoretical coherence, and explanatory relevance.  
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I will next conduct logistic regressions to asses which pre-stroke factors predict 

depression classification by regressing pre-stroke depression (T0 CESD), and baseline cognitive 

variables (i.e. T0 immediate and delayed word recall, serial 7s, and vocabulary) on the four 

identified depression trajectories (i.e., resilience, delayed onset, recovery, and chronicity) while 

controlling for  demographic variables (i.e., gender and age) among a subsample of participants 

who had completed all cognitive measures (N = 1,349).  
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Abstract 

Expressive flexibility (EF) is a component of emotion regulation flexibility repertoire that 

constitutes the ability to enhance or suppress the expression of emotion in accordance with a 

given situational context. Previous research has associated EF with healthy adjustment to 

adversity. This association has also been observed in combat veterans with elevated post-

traumatic stress. EF and other elements of regulatory flexibility are believed to rely on functions 

of cognitive control, such as working memory. However, previous research has yet to investigate 

this link. Accordingly, we examined performance in veterans (N = 42) and non-veterans (N = 75) 

on an EF Task with and without the inclusion of a numerical cognitive load task. Results indicate 

an interaction between cognitive load and expressive condition. Specifically, suppression 

abilities were weaker in cognitive load conditions. These findings did not vary in veteran and 

non-veteran samples. These results add to a growing body of work indicating a relationship 

between cognitive control and regulatory flexibility, and suggest similar mechanisms between 

veteran and non-veteran populations. 

 

 

 

 

 

 

Keywords: Regulatory flexibility, veterans, working memory, cognitive control, expressive 

flexibility  
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Introduction 

 Abundant evidence has demonstrated the role of emotion regulation in distinguishing 

health and psychopathology (Gross, 2015). Although much of this work has emphasized the 

adaptiveness or maladaptiveness of specific strategies, it has become increasingly apparent that 

the efficacy of a given strategy can vary markedly across situations and individuals (Bonanno et 

al., 2004). Accordingly, recent theoretical models have argued that effective emotion regulation 

requires a process known as regulatory flexibility in which strategy use is adapted to meet the 

demands of specific situational challenges (Bonanno & Burton, 2013). One form of regulatory 

flexibility, Expressive Flexibility (EF), pertains to the ability to suppress or enhance emotional 

expression in accord with situational demands (Bonanno et al., 2004). For example, in some 

situations, such as comforting a loved one, enhancing expression is beneficial; in other situations, 

such as feeling anger when trying to build rapport, expressive suppression is optimal.  

In the current study, we extended research of EF by further investigating two key 

assumptions of the paradigm. First, although EF is assumed to require cognitive resources, only 

limited direct empirical evidence on this assumption is available. Accordingly, we compared 

trials in participants engaged in an EF task while simultaneously completing an additional 

cognitive load task with trials that did not involve the cognitive load task. Second, extending 

evidence that EF is especially important for mental health in the context of high stress and 

adversity, we compared the impact of cognitive load on EF among samples of military veterans 

and non-veterans.  
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Flexibility & Cognitive Control 

The dynamic process through which we regulate emotion shares many similarities with 

cognitive control (Pruessner et al., 2020). Cognitive control encompasses three overlapping 

components: inhibition, working memory (WM), and shifting mental sets (Friedman & Miyake, 

2017). Indeed, both regulatory flexibility and cognitive control are forms of goal-directed 

regulatory activity that respond to and interact with changing environments. Further, regulatory 

flexibility and cognitive control are each supported by frontoparietal networks (Pruessner et al., 

2020) with previous research demonstrating that successful emotion regulation relies on 

components of cognitive control (Joormann & Tanovic, 2015; Schmeichel et al., 2008).  

Pruessner and colleagues (2020) created a model that attempts to integrate the dynamic 

elements of the regulatory flexibility model (Bonanno & Burton, 2013) into a cognitive control 

framework. Specifically, monitoring both the environment and feedback as well as holding 

mental representations of contextual demands requires updating information in WM. The 

identification stage (i.e., recognizing the necessity to instigate or cease regulation) and strategy 

selection stage both require (1) inhibiting prepotent responses that are discordant with one’s 

goals; (2) updating WM to allow for newer and more relevant information; and (3) shifting 

strategies based on contextual cues and feedback from monitoring. Finally, maintaining or 

implementing a regulatory strategy requires inhibiting irrelevant or interfering cues and updating 

information in WM from monitoring.   

WM has been shown to play a critical role in regulating emotion and applying regulatory 

strategies (Pe et al., 2013). WM is responsible for maintaining goal-directed processing in the 

presence of distractors, which is necessary for sustaining regulatory strategies in dynamic 

situations. Moreover, some forms of stress (Schmeichel et al., 2008) as well as emotion 
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dysregulation disorders, such as depression (Joormann & Tanovic, 2015) and post-traumatic 

stress disorder (PTSD) (Schweizer & Dalgleish, 2011), have been associated with limited WM 

capacity which could exacerbate afflicted individual’s ability to regulate in dynamic situations 

flexibly.  

One experimental study employing facial electromyography demonstrated a positive 

association between expressive suppression and WM capacity, arguing that WM facilitates 

voluntary control of facial expressions (Schmeichel et al., 2008). Although unable to replicate 

this finding, Hendricks & Buchanan (2016) did find a relationship between WM and negative 

affect in a similar experimental paradigm, suggesting that simultaneously regulating facial 

expressivity and emotional experience requires greater WM capacity. Bonanno and colleagues 

(2004) have also shown that expressive modulation negatively impacts recall for visual stimuli, 

concluding that WM is required for expressive modulation. Taking these results together, those 

who successfully control expressivity may need more cognitive resources to regulate affect or 

vice versa concurrently. Furthermore, neuroimaging has linked expressive suppression to the 

dorsolateral prefrontal cortex (Dörfel et al, 2014), a region that is critical for WM function 

(Barbey et al., 2013).  

Though theoretically sound, studying the role of individual components of cognitive 

control in regulatory flexibility has proven challenging, yielding heterogeneous results 

(Pruessner et al, 2020). First of all, it is difficult to isolate the contribution of cognitive control 

when using emotional stimuli, as said stimuli often require emotion regulation to some extent. 

Second, the complexity of emotion regulation, where processes can range from automatic to 

controlled and goals from implicit to explicit, as well as the relatively greater cognitive demands 

when implemented in real-world situations, have often rendered experimental manipulations 
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lacking. Considering these limitations, a potential solution to assessing Pruessner et al’s (2020) 

model would be to encumber cognitive control to see if that impedes regulatory flexibility.  

WM is the sole component of cognitive control proposed to be involved at each step of 

regulatory flexibility (Pruessner et al, 2020; Schmeichel et al., 2008). One way to disrupt 

cognitive resources would be to apply a cognitive load, such as a number series that must be held 

in WM. If updating is a required component of regulatory flexibility, engaging WM with non-

relevant stimuli should hamper the ability to flexibly and effectively implement regulatory 

strategies. 

    

Military Veterans & Flexibility 

EF has been associated with good mental health concurrently (Gupta & Bonanno, 2011) 

and longitudinally (Bonanno et al., 2004). The relationship of EF to adjustment is especially 

prominent in the context of high distress and potential trauma (Levy-Gigi et al., 2020). In 

addition to possible exposure to loss and trauma, the military-to-civilian transition presents 

several potentially stressful adjustments, including but not limited to beginning a new profession, 

rejoining non-military communities, and readjusting to civilian norms and laws (Mobbs & 

Bonanno, 2018). These significant and sometimes acute changes may distress transitioning 

service members, potentially instigating or exacerbating mental health problems such as PTSD, 

depression, and loneliness. While research into veteran mental health has historically focused on 

military-related trauma, transition stress has been relatively less studied, and the mechanisms and 

conditions for healthy readjustment largely remain empirically undetermined (Mobbs & 

Bonanno, 2018).  
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 Previous research has shown a relationship between components of regulatory flexibility 

and mental health among veterans. For example, Rodin and colleagues (2017) demonstrated that 

EF is associated with PTSD among post-9/11 military veterans. Veterans who met criteria for 

PTSD had significantly weaker expressive enhancement abilities, meaning they were less able to 

enhance their expression of emotion based on situational demands. Suppression ability, however, 

did not differ between veterans with and without PTSD. Given that disorders such as depression 

and PTSD are characterized by affect dysregulation and social isolation, the ability to flexibly 

modulate emotional expression may improve or foster social interactions in addition to abetting 

emotion regulation (Gupta & Bonanno, 2011). This ability, in turn, may aid in military-to-

civilian transition, as social isolation and loneliness are detrimental to veteran mental health 

(Wilson et al., 2018). However, potential differences in EF between veteran and non-military 

populations remain unknown, as no study to date has assessed the EF of these populations 

simultaneously.  

 

Present Study 

 The aims of the present study are twofold. First, to examine the relationship between 

cognitive control and regulatory flexibility, we embedded a numeric cognitive load task within 

the EF task to experimentally determine if limiting WM impairs the ability to implement and 

maintain this regulatory skill. We hypothesized that cognitive load would diminish expressive 

modulation abilities relative to experimental trials without cognitive load. Considering previous 

research has demonstrated that the presence of a cognitive load may diminish emotional 

reactivity (Van Dillen et al., 2009), self-reported emotional intensity was collected to control for 

this effect. Second, we compared expressive abilities between veterans and non-veterans to 
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elucidate potential differences in EF between these populations. Because combat training 

requires the ability to maintain composure in cognitively demanding situations (Blacker et al., 

2019), we hypothesized that veteran emotional expression would be less affected by cognitive 

load relative to non-veteran participants. Additionally, we anticipated that both suppression and 

enhancement abilities would be negatively correlated with military-to-civilian transition stress. 

 

Materials and Methods 

Participants 

A priori power analysis indicated that a minimum of 106 participants was sufficient to 

have a power of .95 with a medium effect size (f  =  .25) for a repeated measures ANOVA with 

two groups and two measurements. Participants (N = 117), including 42 veterans and 75 non-

veterans, were recruited via Reddit. Requirements for eligibility included being between the ages 

of 18 and 70, residing in the U.S., and having a working webcam and stable internet access to 

remotely complete study procedures. Participants were heterogenous in regards to age 

(Mean=31.9), gender (50.4% female), ethnicity (71.8% white), education, income, and marital 

status. For a full breakdown of demographic variables, please see Table 3 in supplemental 

materials. Two non-veteran participants were excluded from data analyses due to ingenuine 

effort and interference on the Expressive Flexibility Task (e.g., communicating with others 

during the experiment). An additional two non-veteran participants who identified as transgender 

and non-binary were not included in analyses because a representative sample could not be 

collected to control for gender. 

Veteran participants from all branches were invited to participate if they served after 

9/11/2001. Veteran participants represented all major branches of the U.S. Armed Forces except 
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for the Coast Guard. Years of active duty ranged from two to twenty-nine years. Regarding 

experiences related to military service, 31 participants (75.6%) were deployed at least once and 

21 (50.0%) reported being injured in the line of duty. Military rank was diverse among this 

sample, ranging from Private First Class (E-3) to Colonel (O-6). Please contact the authors for a 

full breakdown of military ranks, branches, and service experiences in the sample. 

 

Procedures 

 The Teachers College, Columbia University IRB approved all study procedures and 

materials. Eligible participants were consented and then sent a survey that included demographic 

information. Veteran participants additionally completed military demographics and a measure 

of military-to-civilian transition stress. Participants who completed the survey were then 

scheduled for an experiment conducted remotely via Zoom. Veteran participants were asked to 

provide verification of veteran status during this appointment. Participants were then trained on 

the Expressive Flexibility Task (EFT) before completing a twelve-block version of the EFT 

using a web application built specifically for this study. After completing the EFT, participants 

were debriefed on the nature of the study and reimbursed.  

 

Expressive Flexibility Task 

The Expressive Flexibility Task (EFT) is an experimental paradigm where participants 

are told they will be looking at emotionally evocative images while attempting to communicate 

what they are feeling using only their facial expressions (Bonanno et al., 2004). Participants are 

told they are participating in a study of emotional communication in an experiment titled the 

"Emotional Communication Task.” They are informed that another participant, who in reality 
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does not exist, will be viewing their recordings to try and guess what they are feeling. The EFT 

for the present study is a two-by-three within-subject design that included twelve randomized 

blocks, six with and six without cognitive loads across three expressive conditions: enhance, 

suppress, and view only (control). For the enhance condition blocks, participants are told to 

make it easier for the other participant to guess what they are feeling; for the suppression blocks, 

harder to guess what they are feeling. For the view only blocks, participants are told that no one 

will be viewing these recordings and they can view the images as they naturally would. Images, 

all of which were negatively valanced and used only once, came from the International Affective 

Picture System (IAPs; Lang, Bradles, & Cuthbert, 1997) and were balanced by block in terms of 

negative intensity (Mintensity = 2.53, SD = 0.66) and arousal (Marousal = 5.79, SD = 0.65) using 

normative data provided by IAPs. These images varied in their content, including depictions of 

violence, animals, and serious injury, and were randomly assigned to experimental conditions. 

Participants are given instructions to either enhance or suppress their emotional 

expression or simply view the images as they normally would. They are then presented with five 

images they view for ten seconds each, with a four-second fixation cross presented between each 

image. Finally, participants rate the intensity of their negative emotions experienced, such as 

sadness, anger, or disgust, on a scale from one (no negative emotion) to seven (extreme negative 

emotion).  

 

Cognitive Load Manipulation 

The cognitive load EFT trials largely follow the same format as the trials without a 

cognitive load. However, participants are additionally presented with a seven-digit number series 

they must hold in WM while viewing the set of images. Participants are informed in the 
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instructions slide that they are about to be given seven numbers that they must recall in order of 

presentation after viewing the set of images. The number series is presented for ten seconds 

immediately following the instructions slide. Participants then begin the EFT as detailed above. 

After viewing the set of images, participants are instructed to type the number series as 

presented. See Figure 2 and Figure 3 in supplemental materials for a visual representation of EFT 

blocks with and without cognitive load. To ensure that participants devoted adequate resources to 

the cognitive load task, trials where participants inaccurately recalled more than three of the 

seven digits of the number series in the order presented were excluded from data analyses. 

Overall, 94% of cognitive load trial data were retained while 6% were dropped due to inaccurate 

recall. 

All EFT video was recorded and then separated by expressive (i.e., enhance, suppress, 

view) and cognitive load conditions. From there, three untrained coders, all masters students in a 

psychology program, were asked to rate how much negative emotion they observed on a scale 

from one to six from participants in each block. Their ratings were subjective and independent 

from one another, and coders were blind to study conditions and ignorant to the purpose of the 

experiment. The coders ratings showed good inter-rater reliability (ICC = .79). From these 

ratings, expression modulation ability scores were calculated within subjects by comparing the 

mean ratings across conditions where participants are compared to their baseline. Enhancement 

ability is the extent to which a participant is able to express more emotion relative to the control 

condition. In comparison, suppression ability is the extent to which a participant can express less 

emotion relative to the control condition. These calculations for expressive modulation abilities 

were performed separately for the cognitive load and no-load conditions.  
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Self-Report Measures 

 Veteran participants completed the Military-to-Civilian Questionnaire (M2C-Q; Sayer et 

al., 2011). This five-point Likert scale was used to assess the severity of military-to-civilian 

transition stress experienced over the past 30-days and demonstrated excellent inter-item 

reliability (α = .95). Additionally, all participants completed the DSM-5 PTSD Checklist (PCL-5; 

Weathers et al., 2013) for symptoms of posttraumatic stress experienced over the past 30-days. 

However, further investigation of PCL-5 data revealed a non-normal, bimodal distribution of 

scores. Considering these abnormal findings and the minor implications of the PCL in our study, 

we elected to exclude this measure from further analyses. 

 

Results 

 We first examined whether cognitive load recall accuracy differed across EFT conditions 

(enhance, suppress, and view only). This analysis yielded non-significant results (χ2 = 1.39, p = 

.50). We also investigated differences in recall accuracy between the expressive (enhance and 

suppress) and control (view only) conditions which once again demonstrated non-significant 

results (χ2 = 1.04, p = .31). Additionally, there were no significant differences in participants’ 

subjective emotion ratings between cognitive load and no-load conditions (F = 0.03, p = .87, 

η2<.001). These findings suggest that EFT condition did not affect cognitive load recall accuracy 

and that the cognitive load did not influence participants’ subjective emotional intensity.  

We then assessed for potential differences in expressivity in the view only (control) 

condition by cognitive load via one-way ANOVAs conducted separately for veteran and non-

veteran participants. While there was no significant difference among veterans (Mdifference = 0.16, 

F = 1.69, p = .20; η2 = .02), non-veteran expressivity was significantly lower in the cognitive 



 43 

load control condition (Mdifference = 0.33, F = 8.95, p < .01; η2 = .05). Although the effect size was 

small, ability scores must be interpreted with some caution (see Table 1 for mean expressivity 

ratings for each condition by Veteran status).  

We next examined correlations separately for veterans and non-veterans (Table 2). 

Transition stress (M2C-Q) was significantly inversely associated with suppression ability with 

cognitive load (r = -.30, p = .03). However, transition stress was not associated with either 

enhancement or suppression ability without cognitive load. 

 

Regressions on Expression Modulation Ability Scores by Cognitive Load 

Next, to examine the hypothesized influence of cognitive load, we conducted a 2x2 

repeated measures ANOVA on expression modulation ability scores. Within-subject factors 

included cognitive load (presence/absence) crossed and EFT condition (suppress/enhance); 

between-subject factors included veteran status and gender. Gender was added as a grouping 

factor given the gender imbalance between the veteran and non-veteran subsamples (see Table 3 

in supplemental materials). We implemented a full factorial model to assess potential 

interactions between demographic factors and experimental conditions. Mean expression 

modulation scores for each experimental condition by veteran status are presented in Table 1 and 

mean ability scores can be found in Table 2. The main effects of cognitive load and EFT 

condition on expression modulation scores were not significant. However, results indicated a 

significant interaction between EFT condition and the presence of a cognitive load (F = 7.41,      

p = .008; η2 = .07), thus qualifying the interpretation of main effects. A graph of these results 

(Figure 1) suggests asymmetrical effects such that expression modulation abilities were similar 
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in the no-load condition. In contrast, in the cognitive load condition, enhancement abilities 

appeared to increase, while suppression abilities appeared to decrease.  

Following this interaction, we assessed simple effects employing Bonferroni’s adjustment 

for multiple comparisons. Pairwise comparisons for cognitive load by EFT condition indicated 

that the mean difference between cognitive load and no-load was significant for the suppression 

condition (Mdifference = 0.30, p < .001) but not for the enhancement condition (Mdifference = 0.15,     

p = .16). Specifically, the presence of a cognitive load significantly limited suppression abilities 

but did not significantly alter enhancement abilities.  

The interaction of cognitive load and veteran status on expressive ability was marginally 

significant (F = 3.24, p = .08, η2 = .03). There were no other significant interactions between 

gender, veteran status, and cognitive load. These negligible findings suggest no meaningful 

differences in modulation abilities based on gender and veteran status, regardless of cognitive 

load. 

 

Discussion 

 In this study, we aimed to examine how taxing WM resources through cognitive load 

impacts the ability to intentionally enhance or suppress emotional expression and to explore for 

potential differences in EF between veterans and non-veterans. Our results indicated a significant 

interaction between expressive modulation (i.e., the ability to enhance or suppress emotional 

expression) and the presence or absence of a cognitive load. Post hoc analyses assessing simple 

effects revealed that overall a cognitive load significantly limited suppression abilities but did 

not significantly affect enhancement abilities. These findings align with previous research 

suggesting that regulatory flexibility relies on components of cognitive control, especially WM 
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(Pruessner et al., 2020). WM affords the ability to mentally represent and understand emotions as 

well as to enable regulatory strategies. Contextual factors that place additional demands on WM 

thus may impede the ability to utilize regulatory strategies, such as EF, in that these factors limit 

the capacity necessary to select, implement, and monitor said strategies.    

 It remains unclear why limiting WM capacity significantly affects expressive suppression 

but not expressive enhancement. These results may be due to a lack of power: the effect size of 

cognitive load on suppression was medium (η2 = .11) but small for enhancement (η2 = .02), 

which may yield more meaningful results in a larger sample. Alternatively, expressive 

suppression may be relatively more cognitively demanding than expressive enhancement, given 

that suppression requires inhibiting facial expression while expressive enhancement does not 

(Sikka et al., 2022). It is also possible that limiting WM resources while concurrently viewing 

distressing stimuli compounds affective intensity, perhaps resulting in greater affective 

expression across conditions. However, participant subjective affect ratings do not support this. 

Attempting to hold the cognitive load in WM may also be causing participants to express 

concentration or to put on a “game face,” bolstering cognitive performance (Richesin et al., 

2020). Additional work is required to tease out whether these findings are due to a lack of power, 

distinct mechanisms, or an alternative explanation.  

 The finding that cognitive load significantly diminishes mean expressivity among non-

veterans in the view only condition makes the use of ability scores somewhat problematic given 

its potential to artificially increase enhancement abilities while decreasing suppression abilities. 

That said, this effect was small (η2 = .05), was not observed among participant’s subjective 

emotional intensity ratings, and was not significant among veterans. Moreover, if differences in 

the control condition were driving results, we would expect to see this effect in both suppression 
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and enhancement ability scores, which we did not. Additional research is nonetheless required to 

address this limitation. 

Our hypothesis that expressive abilities would be associated with military-to-civilian 

transition stress was supported only in that suppression ability with cognitive load (but not 

without) was moderately correlated with the M2C-Q. Enhancement ability was not significantly 

associated with transition stress regardless of cognitive load. Considering these findings, our 

results indicate that veteran transition stress is associated with weakened expressive suppression 

abilities when encumbered by greater cognitive demand. In other words, it is relatively more 

difficult for veterans struggling with transitioning to civilian life to suppress their expression of 

emotion in the context of competing cognitive demands.  

Conversely, it is also plausible that military veterans’ ability to modulate emotional 

expression with competing cognitive demands may have influenced their transition experience. 

The ability to flexibly modulate emotional expression buttresses social interactions (Gupta & 

Bonanno, 2011), which are paramount for veteran wellbeing (Wilson et al., 2018). Future studies 

would benefit from directly studying the association between EF and feelings of loneliness and 

social isolation among veterans, potentially mediating the relationship between EF and transition 

stress. 

 Our hypothesis that veteran expressive modulation would be less affected by a cognitive 

load was not supported, as the interaction between veteran status and expressive modulation was 

only marginally significant. These results suggest negligible differences between veterans and 

non-veterans regarding EF and that limiting WM affects these populations similarly. These 

results imply that regulatory flexibility studies performed on non-veterans are potentially 

generalizable, but some factors particular to veterans likely remain. Considering the burgeoning 
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attention to veteran transition stress among researchers, our results may expedite the application 

of regulatory flexibility research to this population. However, they should proceed with caution 

as not to neglect more subtle findings.  

The present study is limited in several ways. First, all data were collected remotely, thus 

precluding the administration of more robust data collection procedures, such as facial 

electromyography. Although subjective facial coding tends to produce similar results (Zhu, 

2016), it would be worthwhile to include an objective measurement of corrugator response to 

possibly reveal more nuanced findings. Second, participants completed this study using their 

personal computer and thus a non-standardized camera and setting, increasing the likelihood of 

random error and possibly weakening results. Replicating the study in a more controlled, in-

person setting would possibly reveal additional findings. Third, our use of a non-clinical sample 

limits the application of these findings regarding examining psychopathology. For example, the 

potential relationships between depression, cognitive load, and expressive flexibility remain 

uninvestigated. It will be important to further explore the influence of cognitive load and 

depression on expressive flexibility using a clinical sample, ideally with clinician-administered 

measures.   

Despite these limitations, our study rests on several strengths. By manipulating WM 

capacity via cognitive load, our study is the first to show that impacting cognitive control limits 

the ability to modulate emotional expression flexibly. Our approach has broad implications for 

studying the relationship between cognitive control and regulatory flexibility and adds to a 

growing literature on how competing draws on WM limit the maintenance, implementation, and 

or updating of regulatory strategies. Furthermore, comparing veterans with nonveteran samples 

broadens our findings, demonstrating a similar mechanism of regulatory flexibility between these 
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two populations. Our findings also suggest clinical applications that are worthy of additional 

research. The connection between suppression abilities with a cognitive load and military-to-

civilian transition stress may reveal intervention considerations for transitioning service 

members. The ability to maintain a regulatory strategy despite increased cognitive demands may 

foster successful and flexible regulation. In contrast, poor cognitive control in the context of 

stressful situations may be linked to a greater risk of developing psychopathology.  
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Tables & Figures 

Table 1. EFT Mean Expression Ratings by Condition and Cognitive Load 
 No Cognitive Load (SD) Cognitive Load (SD) 
All Participants (N=117)   
      Enhance 2.94 (1.10) 2.92 (1.16) 
      View/Control 1.98 (0.72) 1.70 (0.61) 
      Suppress 1.12 (0.19) 1.17 (0.34) 
Veterans (N=42)   
      Enhance 2.60 (1.01) 2.42 (1.02) 
      View/Control 1.72 (0.57) 1.56 (0.55) 
      Suppress 1.06 (0.14) 1.12 (0.29) 
Non-Veterans (N=75)   
      Enhance 3.12 (1.11) 3.20 (1.14) 
      View/Control 2.11 (0.75) 1.78 (0.62) 
      Suppress 1.16 (0.21) 1.20 (0.36) 
Note. EFT = Expressive Flexibility Task; ratings obtained by subjective coders with 
greater values indicating more expression; see methods for additional details on the EFT. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Table 2. Means of and Correlations Between Survey Variables and EFT (N = 117) 
Veterans (N=42)       
   Measure Mean SD 1. 2. 3. 4. 
      1. Enhance Ability  0.81 0.82 -    
      2. Enhance Ability with cognitive load 0.87 0.91 .65** -     
      3. Suppress Ability  0.68 0.52 -.04 .17 -   
      4. Suppress Ability with cognitive load 0.45 0.59 -.11 .01 .70**   
      5. M2CQ 26.05 18.13 -.01 -.10 -.06 -.30* 
Non-Veterans (N=75)       
      1. Enhance Ability  1.01 0.91 -    
      2. Enhance Ability with cognitive load 1.44 0.94 .60*** -   
      3. Suppress Ability  0.96 0.81 -.10 .28** -  
      4. Suppress Ability with cognitive load 0.58 0.62 .12 .06 .58*** - 
Note. *p<.05; **p<.01; ***p<.001; M2CQ = Military to Civilian Questionnaire; EFT = Expressive Flexibility Task; 
only veteran participants complete the M2CQ; Ability scores from the EFT are calculated by comparing expressivity in 
each condition (i.e. express/suppress) to control conditions with greater scores representing better abilities. 
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Figure 1.  

 
Note. Ability scores from the Expressive Flexibility Task (EFT) are calculated by comparing 
expressivity in each condition to control conditions (i.e. express/suppress) with greater scores 
representing better abilities.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

 
 

56 

Supplementary Material 

Table 3. Sample Demographics by Veteran Status 
 Veterans (N = 42) Civilians (N = 75) Total (N = 117) 
Demographics N % [SD] N % [SD] N % [SD] 
Age (Mean) 36.1 [7.2] 29.6 [10.2] 31.9 [9.7] 
Gender 
   Male 37 88.1% 21 28.0% 58 49.6% 
   Female 5 11.9% 54 72.0% 59 50.4% 
Race/Ethnicity 
   White 32 76.2% 52 69.3% 84 71.8% 
   Black/African American 4 9.5% 9 12.0% 13 11.1% 
   Asian/Asian American 7 16.7% 13 16.9% 20 17.1% 
   Hispanic/Latino 4 9.5% 9 11.7% 13 11.1% 
   Am. Indian/Alaskan Native 3 7.1% 0 0.0% 3 2.6% 
   Other 6 14.3% 3 5.2% 9 8.5% 
Education 
   High School/GED 7 16.7% 24 32.0% 31 26.5% 
   Bachelor’s Degree 11 26.2% 37 49.3% 48 41.0% 
   Master’s Degree 16 38.1% 13 17.3% 29 24.8% 
   Ph.D. or higher 1 2.4% 0 0.0% 1 0.9% 
   Other/Tech. Cert. 7 16.7% 1 1.3% 8 6.8% 
Annual Family Income 
   <$25,000 2 4.8% 19 25.3% 21 17.9% 
   $25,000-40,000 6 14.3% 13 17.3% 19 16.2% 
   $40,000-60,000 5 11.9% 10 13.3% 15 12.8% 
   $60,000-80,000 5 11.9% 6 8.0% 11 9.4% 
   $80,000-100,000 8 19.0% 17 22.7% 25 21.4% 
   >$100,000 16 38.1% 9 12.0% 25 21.4% 
Marital Status       
   Married/Domestic Partner 25 59.5% 18 24.0% 43 36.8% 
   Single/Never Married 12 28.6% 52 69.3% 64 54.7% 
   Separated/Divorced 5 11.9% 4 5.3% 9 7.7% 
   Other 0 0.0% 1 1.3% 1 0.9% 
Note. Racial and ethnic categories are not mutually exclusive. Values in brackets represent 
standard deviations for age. For a full breakdown of veteran demographics (e.g., rank, branch, 
etc.) please contact the authors. 
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Figure 2.  
 

 
Figure 2 Note. Example of Expressive Flexibility Task block with cognitive load; images in 
example above are public domain and sourced from the U.S. Library of Congress; images used 
in experiment were sourced from International Affective Picture System (IAPs; Lang, Bradles, & 
Cuthbert, 1997); six blocks included a cognitive load. 
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Figure 3. 
 

 
Figure 3 Note. Example of Expressive Flexibility Task (EFT) block without cognitive load; 
images in example above are public domain and sourced from the U.S. Library of Congress; 
images used in experiment were sourced from International Affective Picture System (IAPs; 
Lang, Bradles, & Cuthbert, 1997); six blocks did not include a cognitive load. 
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Note. The code for the web application version of the Expressive Flexibility Task (EFT) is 

publicly available via this link: https://github.com/jbenzshawel/AssessmentEngine. Please note 

that the images included in our version of the EFT are copyrighted and not included in the linked 

repository. 
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Abstract 

Context sensitivity refers to the ability to identify cues regarding the nature of stressor situations. 

This skill is a necessary precursor to successful emotion regulation and may involve detecting 

the presence or absence of stressor cues. Previous research has suggested that context sensitivity 

relies in part on working memory (WM), one component of cognitive control or executive 

functioning. We explored this potential relationship in an empirical study (N = 112) that assessed 

WM via WAIS-IV Digit Span as well as the ability to detect the presence or absence of stressor 

cues via the Context Sensitivity Index. Results demonstrated that detection of both cue presence 

and absence were significantly associated with the ability to apply semantic knowledge to 

information held in WM. Our findings expand upon a potential cognitive mechanism for context 

sensitivity.  
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Introduction 

Context sensitivity, or the process through which we take stock of situational stressor 

cues relevant to behavioral self-regulation, has been found to broadly involve two different skills 

(Bonanno et al., 2020). First, the ability to detect the presence of contextual cues allows us to 

take in pertinent stimuli and determine how best to respond. Detecting the relative absence of 

cues, by contrast, is akin to going through a checklist of what you anticipate may be present and 

eliminating each possibility as you go along. This complex and rapid process affords the ability 

to apply meaning to perception of what is and is not present in a situation, providing the 

contextual information that guides emotion regulation and coping in the face of contextual 

stressors. Sensitivity to contextual stimuli allows one to optimally choose regulatory strategies 

(Aldao, 2013; Bonanno & Burton, 2013), while insensitivity has been linked to psychopathology 

(Chen & Bonanno, 2021).  

To explore this concept, Bonanno and colleagues (2020) developed the Context 

Sensitivity Index (CSI), a questionnaire that requires participants to assess various aspects of 

situational demands presented in several short vignettes. Using this procedure, they developed 

two subscales: a Cue Presence subscale consisting of contextual appraisal items consistently 

rated as highly present, and a Cue Absence subscale consisting of appraisal items consistently 

rated as absent. The CSI was shown to be positively associated with a measure of coping 

flexibility and a behavioral measure of identifying situational cues. Additionally, 

psychopathology and external locus of control were inversely associated with Cue Absence. 

Individuals with psychopathology, such as anxiety and depression, often fail to accurately 

identify a negligible or absent threat in situations. Instead, they detect threatening cues that are, 

in reality, absent and do not modulate their perceptions and response accordingly (Lohr et al., 
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2007). Bonanno and colleagues (2020) reasoned that the inverse relationship between external 

locus of control and cue absence is due to an inability to recognize when “the self” has little 

control over events, instead assuming external factors drive behavior and thus neglecting 

contextual variation (Davis, 2013). 

 Since its development, the CSI has been further validated across a number of studies. For 

instance, in a study of flexibility among trauma-exposed individuals using sequential mediation, 

the most consistent pathway to reduced PTSD, depression, and anxiety symptoms included the 

CSI as the first step in the sequence (Robinson et al., 2022). Most recently, in an experience 

sampling study of flexibility in daily life, the CSI correlated positively with momentary instances 

of context sensitivity measured using ecological momentary assessment (Chen et al., 2024). 

 

Cognitive Control and Context Sensitivity 

 A growing body of research has established a link between cognitive control and emotion 

regulation flexibility (Pruessner et al., 2020). However, only one published study has explicitly 

examined this relationship with the context sensitivity component. Through measuring event-

related potentials during an emotional inhibitory control task, Myruski and colleagues (2017) 

established that greater allocation of attentional resources to emotionally salient contextual 

stimuli was positively associated with well-being and negatively associated with symptoms of 

psychopathology.  

Pruessner and colleagues (2020) have argued that the mental representation of contextual 

goals and demands requires updating working memory (WM). Specifically, evaluating and 

creating mental simulations of possible responses to a stressor situation relies on holding 

perceived stimuli in WM while simultaneously coding this information. Furthermore, WM is 



 

 
 

64 

theorized to mediate the relationship between emotion regulation and locus of control. Declerck 

and colleagues (2006) argued that WM facilitates the interaction between external events and 

internal phenomena, allowing for the selection of behavioral responses and engendering a feeling 

of control. Moreover, an external locus of control has been previously associated with poorer 

WM abilities (Anderson et al., 2018). 

  

Present Study 

 The present study aimed to assess the relationship between WM and stressor context 

sensitivity. We examined the role of WM as measured by a verbally administered digit span task 

and anticipated that WM and the ability to apply semantic knowledge to content held in WM 

would be positively associated with the ability to detect both cue presence and cue absence. To 

control for the well-established effects of PTSD and depression on cognitive control (Nuño et al., 

2021) and between depression and cue absence (Bonanno et al., 2020), we included symptom 

inventories in all analyses. As has been previously found, we anticipated that cue absence would 

be inversely associated with symptoms of psychopathology. 

 

Materials and Methods 

Participants 

 A priori power analysis determined that a minimum number of 107 participants are 

necessary to have a power of .95 with a medium effect size (f2 = .15) for a linear multiple 

regression with 2 tested predictors and 4 total predictors. Participants (N = 112) were recruited 

via the social media website Reddit, where recruitment posts were advertised to research 

volunteer subreddits (e.g., r/PaidStudies). To participate in this study, participants were required 
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to be between the ages of 18 and 70, have a working webcam, and reside in the U.S., confirmed 

by Qualtrics geotagging. Participants whose geotags fell outside of the U.S. or showed an 

inconsistent location between screening and consent surveys were excluded. Sample 

demographics are presented in Table 1.  

 

Procedures 

 The Teachers College, Columbia University Institutional Review Board approved all 

study recruitment materials and procedures. This study was not preregistered. Participants 

initially completed an online screening survey where they provided their email and age. They 

were then sent an electronic consent to sign followed by a survey including demographics, 

multiple clinical measures, and an embedded attention check. After completing the survey, 

participants who passed the attention check were scheduled for a Zoom video meeting to assess 

WM via a digit span task; participants who failed the attention check (N = 25) were immediately 

excluded and are not included in analyses or total N.  

   

 Digit Span  

 Digit Span, adapted from the Wechsler Adult Intelligence Scale IV (WAIS-IV), is a test 

of short-term and WM abilities where participants are asked to repeat orally presented number 

series (Wechsler, 2008). Two subtests of Digit Span were used, including Digit Span Forward 

(DSF), where participants are asked to repeat digits read aloud to them in order of presentation 

(e.g., if presented with “4-5-1” the participant should respond “4-5-1”), and Digit Span 

Sequencing (DSS), where participants are instructed to state the digits read aloud to them in 

order from smallest to largest (e.g. if presented with “4-5-1”, the participant should respond “1-
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4-5”).1 In each subtest, the length of the sequence increases until the respondent is no longer able 

to recall the digits correctly on two consecutive trials of the same length. While both subtests are 

considered measures of WM, DSF specifically captures basic attention or short-term memory 

storage, and DSS measures the ability to apply semantic knowledge to information held in WM.  

 

 Context Sensitivity  

 The Context Sensitivity Index (CSI) is a 20-item self-report measure of the ability to 

accurately detect the presence and relative absence of contextual cues relevant to emotion 

regulation across various situations (Bonanno et al., 2020). Participants are presented with six 

brief hypothetical scenarios with diverse situational demands. For each of these scenarios, 

participants rate (1) how much control they have over what happens next, (2) control by others 

over what happens next, (3) the urgency of their response required, (4) the need for cooperation 

from others, (5) the amount of uncertainty, and (6) how threatening the situation is on a 7-point 

Likert scale ranging from “None/Not at all” to “Very much/Extremely.” Responses are then 

scored and summed for each subscale, with higher scores representing greater context sensitivity.  

The CSI also produces two subscales: Cue Presence which measures sensitivity to contextual 

cues, and Cue Absence, which measures sensitivity to the relative absence of contextual cues. 

Internal reliability analyses were not conducted for the CSI as its items are causal indicators 

without constraints on covariances (Bollen & Ting, 2000; see Bonanno et al., 2020). 

 

 

 

                                                
1 Digit Span Backwards was not included in this study due its conceptual similarities to DSF and non-significant 
effects observed in pilot testing.  
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PTSD  

 The PTSD Checklist for the DSM-5 (PCL) is a self-reported measure of posttraumatic 

stress (PTS) symptom severity (Weathers et al., 2013). Items include 20 symptoms of PTSD and 

inquire how bothersome each symptom has been over the past month. Responses are made on a 

5-point Likert scale that ranges from “not at all” (0) to “extremely” (4). These responses are then 

summed with greater scores indicating more distress related to a potentially traumatic 

experience. The PCL demonstrated excellent inter-item reliability (α = .96). 

 

Depression  

 The Center for Epidemiologic Studies Depression Scale Short Form (CESD) is a 10-item 

self-report survey that assesses the frequency of depressive symptoms experienced over the past 

week (Andresen et al., 1994). Responses are on a four-point Likert scale and range from “not at 

all” (0) to “all the time” (3), with higher summed scores indicating more severe depressive 

symptoms. Inter-item reliability (α = .90) was excellent for the CESD.  

 

Results 

Correlations and descriptive statistics are presented in Table 2. All measures were 

normally distributed and without outliers (i.e., +/-3 SDs from the mean). Cue Presence was 

significantly correlated with DSS (r = .35, p < .001), indicating that a greater ability to apply 

semantic knowledge to material held in WM relates to the ability to detect the presence of cues 

that initiate emotion regulation.  Cue Absence was significantly associated with both DSF          

(r = .23, p <. 01) and DSS (r = .34, p < .01) as well as inversely correlated with CESD (r = -.19, 

p < .05) and PCL (r = -.21, p < .05). These findings suggest that short-term memory and the 
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ability to apply semantic knowledge to information held in WM were all associated with the 

ability to detect the absence of cues that would otherwise initiate emotion regulation. Further, 

consistent with previous studies, greater Cue Absence was associated with fewer symptoms of 

depression and PTSD. See supplementary material for scatter plots of CSI subscales and digit 

span. 

Probing these relations further, we conducted hierarchical linear regressions to examine if 

components of WM were associated with Cue Presence and Cue Absence, respectively, while 

controlling for their overlap and their relationship with symptoms of posttraumatic stress (PCL) 

and depression (CESD). In first model, Cue Presence was regressed on CESD and PCL in the 

first step (F(2,109) = 1.46, p = .24, R2 = .03) and the two Digit Span subtests in the second step, 

which significantly increased the variance explained (F(4,107) = 5.13, p < .001 ΔR2 = .14). DSS 

was the only variable significantly associated with Cue Presence (t = 4.13, p < .001), while DSF 

(t = -1.53, p = .13) was nonsignificant. In the second model, Cue Absence was regressed on DSF 

and DSS while controlling for symptoms of PTSD and depression. The first step with PCL and 

CESD alone (F(2,109) = 2.62, p = .08; R2 = .05) was only marginally significant. Adding the Digit 

Span variables on a second step significantly increased the variance explained (F(4,107) = 5.10,     

p < .001; ΔR2 = .11). DSS was significantly associated with Cue Absence (t = 3.14, p < .001) 

while DSF (t = 1.16, p = .25) was nonsignificant.  

 

Discussion 

 Context sensitivity is defined as the ability to detect the presence and absence of 

contextual cues to assess the nature of a stressor situation and determine how best to respond 

(Bonanno et al., 2020). This initial step in self-regulation is critical for determining when it 
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might be appropriate to initiate regulation and informs which strategy may be most effective 

given the situation's context (Aldao, 2013). The aim of this study was to assess the relationship 

between components of WM and context sensitivity. Findings indicated that the ability to detect 

the presence and relative absence of contextual cues was associated with WM over and above of 

PTSD and depression severity. However, sensitivity to contextual factors relevant to emotion 

regulation is greater than attentional capacity or simply perceiving and holding contextual 

information. Rather, context sensitivity is linked to integrating knowledge from long-term 

memory with information held in WM. This suggests that the application of semantic 

information to WM scaffolds effective cue detection in order make meaning of contextual 

information, which subsequently guides emotion regulation.  

           It is important to note the limitations of this study. Principally, data were collected 

entirely online with non-standardized study environments. We took measures to limit distractors 

and ensure participant compliance with task demands, such as requiring participants to complete 

the study from a quiet and private location. It will be important to replicate these findings in a 

more standardized testing environment. Furthermore, measures of PTSD and depression 

symptoms relied on self-report surveys rather than more robust structured clinical interviews.  

           These limitations aside, our studies have several strengths and beget myriad questions to 

address in future research. For instance, is it internally or externally generated information that 

guides (or misguides) cue search? Negative emotional states impact the ability to filter 

distractors from WM (Ye et al., 2024) and psychopathology is linked to the misinterpretation of 

cues generated both internally (Domschke et al., 2010) and externally (Lohr et al., 2007). Any of 

these clinical phenomena has the potential to interrupt, distort, and or misdirect semantic 

cataloging and guide the search for contextual cues in a narrow manner. What’s more, 
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individuals with depression have been shown to exhibit diminished WM (Nuño et al., 2021) and 

cue absence abilities (Bonanno et al., 2020). The ability to integrate semantic knowledge with 

WM may partially mediate depressive symptoms involving cue detection, such as negative 

attribution biases (Rubenstein et al., 2016). Addressing these questions may help to enhance or 

remove obstacles to context sensitivity, which has the broad potential to improve the regulatory 

process as a whole. 
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Tables & Figures 

Table 1. Sample Demographics (N = 112) 
Demographics N %[SD] 
Age(Mean) (31.1) [9.8] 
Gender   
   Male 50 53.6% 
   Female 60 44.6% 
   Other/Prefer not to answer 2 1.8% 
Race/Ethnicity   
   White 76 67.9% 
   Black/African American 13 11.6% 
   Asian/Asian American 19 17.0% 
   Hispanic/Latino 13 11.6% 
   Am. Indian/Alaskan Native 2 1.8% 
   Other/Prefer not to say 9 8.0% 
Education   
   High School/GED 32 28.6% 
   Bachelor’s Degree 48 42.9% 
   Graduate Degree  28 25.0% 
   Other/Tech. Cert. 4 3.6% 
Note. Racial and ethnic categories are not mutually exclusive.  
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Table 2. Means of and Correlations Between Survey and Cognitive Variables 
Measure Mean SD Skewness Kurtosis 1. 2. 3. 4. 5. 
    1. Cue Presence 54.61 8.42 -0.89 0.97 -     
    2. Cue Absence 51.73 9.13 -0.89 1.22 .04 -    
    3. CESD 22.77 7.29 0.17 -0.80 .11 -.19* -   
    4. PCL 29.55 20.05 0.25 -1.08 .00 -.21* .76*** -  
    5. DS Forward 6.79 1.36 0.48 -0.57 -.03 .23** -.13 -.18* - 
    6. DS Sequencing 6.23 1.00 0.09 -0.08 .35*** .34** -.03 -.12 .30*** 
Note. *p < .05; **p < .01; ***p < .001; CESD = Center for Epidemiologic Studies Depression Scale; PCL = PTSD Checklist for the 
DSM-5; DS = Digit Span. 
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Supplementary Material 

Figure 1. 

 
Note. Digit Span is a subtest of the Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-
IV); Cue Presence is a subscale of the Context Sensitivity Index (CSI). 
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Figure 2. 

 
Note. Digit Span is a subtest of the Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-
IV); Cue Absence is a subscale of the Context Sensitivity Index (CSI). 
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Figure 3.  

 
Note. Digit Span is a subtest of the Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-
IV); Cue Presence is a subscale of the Context Sensitivity Index (CSI). 
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Figure 4. 

 
Note. Digit Span is a subtest of the Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-
IV); Cue Absence is a subscale of the Context Sensitivity Index (CSI). 
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Abstract 

Introduction: Depression, a common outcome following stroke, has been repeatedly associated 

with post-stroke cognitive deficits, and is inversely associated with pre-stroke cognitive 

functioning or cognitive reserve. In particular, impacted executive functioning has been linked to 

post-stroke depression severity while preserved executive functioning is associated with post-

stroke recovery. Moreover, a growing body of research has demonstrated distinct prototypical 

trajectories of depression following major medical events. This work has consistently indicated 

that resilience, or a stable trajectory of healthy adjustment following adverse or potentially 

traumatic events, is the most common outcome.   

Objective: The current study examined trajectories of post-stroke depression and their 

associations with pre-stroke cognitive functioning.  

Design: Secondary longitudinal data analysis of a large cohort study. 

Setting: Institutional; RAND Health and Retirement Study (HRS) sponsored by the University 

of Michigan and the National Institute on Aging. 

Participants: Participants (N = 2,298) were drawn from a national, longitudinal dataset of older 

adults who experienced a stroke and survived for at least two years afterward.  

Interventions: Not applicable. 

Main Outcome Measures: Depression was assessed via a modified version of the Center for 

Epidemiologic Studies Depression Scale Short Form (CES-D). 

Results: Results showed that resilience was the most common outcome (65.5% of the sample) 

following stroke and was associated with greater pre-stroke working memory (p < .001), age     

(p < .001), and gender (p < .001).  
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Conclusions: Stroke survivors demonstrate the same depression trajectory patterns as observed 

following other major medical events. These results help illuminate the longitudinal relationship 

between working memory and post-stroke depression and potentially inform interventions. 

Additional research is required to understand how these findings may be applied in clinical 

settings.  
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Introduction 

Depression is a common outcome following stroke, with an estimated one-third of 

survivors developing post-stroke depression (Hackett & Pickles, 2014). Phenomenologically 

similar to depression observed in the general population (Blake et al., 2023), post-stroke 

depression is largely attributed to functional quality of life changes following stroke and 

acquired cognitive deficits (Ashaie et al., 2023; Tu et al., 2018). Between 30% and 80% of 

people demonstrate some form of cognitive impairment following stroke (Rosenich et al., 2020), 

most commonly declines in memory, attention, and executive functions (Rost, et al., 2022), all of 

which are associated independently with depression (Rock et al., 2014).  

 

Heterogeneous Trajectories of Depression 

In the broader literature on acute, stressful, and or potentially traumatic events, resilience 

(i.e., a stable trajectory of healthy adjustment in aftermath of adversity or potential trauma) has 

consistently been found to be the most common outcome (Bonanno, 2004; Galatzer-Levy et al., 

2018). This has been demonstrated in a variety of contexts, disease epidemic (e.g., Bonanno et 

al., 2008), exposure to disasters (e.g., Bonanno et al., 2006), and following major medical events 

such as spinal cord injury (Bonanno et al., 2012) and limb amputation (McGiffin et al., 2023). 

Much of this work has relied on latent growth mixture modeling (LGMM), a statistical technique 

derived from structural equation modeling (Bonanno et al., 2011; Muthen, 2004). LGMM allows 

for the extraction of latent subgroups over time, affording the ability to track distinct response 

patterns among a heterogeneous sample.  

To date, only a single brief report has examined post-stroke depression trajectories via 

LGMM, indicating that resilience was the most common outcome (Kang, 2021). This study also 
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showed that the depression trajectories predicted general cognitive functioning, which was 

strongest among resilient participants. Although the study provided initial evidence that the 

prototypical trajectories of depression generalize to post-stroke data, its findings were limited by 

use of only a minimum number of timepoints necessary to conduct LGMM (i.e., 3 timepoints), a 

relatively small sample size, and deviation from established LGMM approaches that use 

depression trajectories as an outcome rather than predictor variable (Bonanno et al., 2023). In 

this paper, we attempted to replicate and extend these findings by using a larger sample with 

more time points, and by assessing specific cognitive and demographic variables at baseline as 

predictors of the post-stroke depression trajectories. 

 

Cognitive Reserve and Premorbid Cognitive Abilities  

Cognitive reserve is a concept that refers to the brain’s ability to maintain normal 

cognitive function despite experiencing age-related changes or damage due to disease and injury 

(Stern 2002; Stern 2009). Cognitive reserve builds over an individual’s lifetime through an 

amalgamation of genetic factors, environmental influences, and life experiences that increase the 

likelihood of resilience and recovery following neurologic injury. Examples include educational 

and occupational attainment, intelligence, social engagement, physical activities, healthy lifestyle 

factors, and brain plasticity. These factors are associated with expedited recovery and longer 

sustained functionality in the context of Parkinson’s Disease (Meng & D’arcy, 2012), traumatic 

brain injury (Steward et al., 2018), stroke (Rosenich et al., 2020), and neurodegenerative 

disorders such as Alzheimer’s Disease (Stern, 2012).  

Although cognitive reserve cannot be directly measured, it can be indirectly assed via 

proxy measures such as cognitive examination of memory, crystalized intelligence, and 
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executive functioning (e.g., Leary et al., 2018; Savarimuthu & Ponniah, 2024). These premorbid 

cognitive abilities serve as the foundation upon which cognitive reserve is built, offering a 

baseline level of cognitive performance that can mitigate the impact of neurological insults or 

aging. The neuroprotective effects of cognitive reserve may be attributed, in part, to the greater 

baseline adaptive neuroplasticity afforded by strong premorbid cognitive abilities, which provide 

a greater capacity for dynamically modulating cortical circuitry following acute life stressors and 

neurological damage (Freret et al., 2014). Research indicates that individuals with stronger 

premorbid cognitive abilities tend to exhibit fewer symptoms of post-stroke depression (Tao et 

al., 2023). Additionally, cognitive reserve has been shown to lessen post-stroke cognitive 

impairment and promote recovery (Rosenich et al., 2020; Umarova et al., 2019).  

 

Cognition and Depression 

Previous research has demonstrated a relationship between cognitive reserve and 

depression (Opdebeeck et al., 2015; Perrain et al., 2021; Rosenich et al., 2020). For example, 

Lara and colleagues (2021) assessed a longitudinal sample of older adults, with results showing 

that those with low cognitive reserve and high levels of depression exhibited poorer memory 

performance relative to non-depressed subjects with greater cognitive reserve. Lin and 

colleagues (2023) have similarly demonstrated via neuroimaging that cognitive reserve 

attenuates the effects of depression on neurocognitive functioning among older adults. Moreover, 

the bidirectionality of cognition and depression affecting one another has been demonstrated 

longitudinally among stroke patients (Robinson & Jorge, 2016) and general geriatric populations 

(Guo et al., 2023).  
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 One component of cognitive reserve that may be particularly influential on post-stroke 

depression is premorbid executive functioning. Executive functions are cognitive processes 

responsible for managing and regulating higher-order tasks such as planning, problem-solving, 

decision-making, and self-control (Miyake & Friedman, 2012). Working memory, in particular, 

has been repeatedly associated with depression (Christopher & MacDonald, 2005) and is 

believed to play a critical role in emotion regulation (Pe et al., 2013). For instance, working 

memory ensures that goal-directed tasks can be maintained despite distractions, thereby 

supporting the continuity of emotion regulation strategies in changing environments (Pruessner 

et al, 2020). Both dysexecutive functioning and depression among stroke survivors has been 

previously attributed to damage to the same frontal subcortical circuits and functional 

connectivity (Jaywant et al., 2022; Vataja, et al., 2005). Moreover, the co-occurrence of 

executive dysfunction and post-stroke depression are linked to persistent cognitive impairment 

and degenerative brain pathology (Douven et al., 2018). 

Considering that post-stroke deficits in working memory are common (Jaywant et al., 

2022; Zinn et al., 2007), are associated with depressive symptoms among stroke survivors (Bour 

et al., 2010; Hommel et al., 2015), and have been linked to poorer post-stroke functional 

recovery (Shea-Shumsky et al., 2019; Poulin et al., 2012), it stands to reason that greater pre-

stroke working memory may predict post-stroke resilience to depression.  

 

The Present Study 

We examined the relationship between trajectories of depression and premorbid variables 

related to cognitive reserve among a national sample of older adults who experienced a stroke. 

The hypotheses of this study were not preregistered. Distinct trajectories of depression were 
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identified from pre- to post-stoke using LGMM. We hypothesized the same trajectory patterns 

observed in previous research (e.g., Kang, 2021) would be observed among stroke survivors. In 

particular, extending previous research, we hypothesized that resilience to depression would be 

the most common trajectory following stroke and that other trajectories including chronicity, 

recovery, and delayed onset will also be observed, albeit with fewer participants collectively 

relative to resilience. 

 Additionally, we investigated the relationship between cognitive variables and trajectory 

membership via a multinomial logistic regression among a subsample of participants with 

premorbid cognitive data. Considering previous research has demonstrated the protective 

influence of cognitive reserve among stroke survivors (Marsh et al., 2018; Tao et al., 2023), we 

hypothesized that participants in the resilience trajectory would have the strongest premorbid 

cognitive abilities overall (i.e., cognitive reserve) relative to the other groups while the chronicity 

trajectory would have the weakest premorbid cognitive abilities. Specifically, we hypothesized 

that pre-stroke working memory would be most strongly associated with resiliency to depression 

relative to memory and crystallized or established intelligence.  

 

Methods 

Participants & Procedures 

Data for this study were obtained from the RAND Health and Retirement Study (HRS), a 

large-scale longitudinal study tracking American older adults (N = 128,908) sponsored by the 

University of Michigan and the National Institute on Aging. Permission for the use of these data 

was obtained from the University of Michigan Institute for Social Research in April 2020, which 

included data collected between 1992 and 2016. A subset of this sample was then identified by 
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selecting only participants who (1) had a stroke, (2) had data immediately prior to their stroke, 

and (3) survived for at least two years following their stroke. Participants who experienced 

multiple strokes within the first 6 years of their initial stroke were excluded from data analysis. 

The final sample consisted of N = 2,298 participants. Demographic characteristics of the sample 

can be found in Table 1.  

 Participants in the HRS study were born in the U.S. between 1931 and 1947 and 

complete follow-up visits once every 2 years from the ages of 50 until death. During each 

follow-up visit, they complete a brief interview pertaining to major events experienced since 

their prior visit (e.g., heart attack, stroke, bereavement). In addition to collecting interval history, 

research staff also administer a brief mental status examination created specifically for the HRS 

study (see Ofstedal et al., 2005). This original research protocol included measures of memory 

(immediate and delayed recall), working memory (serial 7s), and crystalized intelligence 

(vocabulary). Categorical items from the brief mental status examination such as object naming 

and orientation to date and time will not be included in analyses.  

 Participant data was reorganized using the floating baseline procedure (Galatzer-Levy et 

al., 2010; Galatzer-Levy & Bonanno, 2014) based on the following timepoints. Timepoint 0 (T0) 

signifies the most recent pre-stroke or premorbid data while Timepoint 1 (T1) signifies the most 

immediate post-stroke time point. The exact date of the stroke was not available but all 

participants had experienced a stroke sometime in the 2 years between data collection timepoints. 

Timepoint 2 (T2) was collected 2-4 years post-stroke and Timepoint 3 (T3) was collected 4-6 

years post-stroke. 353 participants died prior to the collection of T2 and an additional 301 

participants died prior to the collection of T3.  
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Measures 

The Center for Epidemiologic Studies Depression Scale Short Form (CES-D) is a 

survey consisting of five “negative” indicators and two “positive” indicators. Negative indicators 

measure depressive sentiments (e.g., “everything is an effort” and “felt sad”) while positive 

indicators assess positive sentiments (i.e., “felt happy” and “enjoyed life”) that respondents 

endorse feeling all or most of the time. The total CES-D score is calculated by summing the 

negative indicators minus the positive indicators, with scores ranging from 0 to 7 and higher 

scores indicating more severe depression. Item-level CES-D data are not available in the HRS 

dataset; however, the HRS CES-D has previously shown good reliability (α>0.81) among 

multiple waves and cohorts (Wallace et al., 2000).  

Continuous Cognitive Variables in the HRS study include immediate and delayed word 

recall, serial 7s (i.e., respondents are asked to count backward from 100 by 7), and vocabulary, 

all of which are detailed below. These brief assessments were introduced to the HRS study 

partway into data collection; only participants with complete cognitive data at baseline (N=1375) 

were included in the logistic regression analyzing the association between premorbid cognitive 

abilities and depression trajectories. Raw scores were used for all analyses. See Ofstedal et al. 

(2005) for additional details on administration and scoring. 

Immediate and delayed word recall is a rote list learning task used to assess learning 

and memory. Participants were initially read a list of 10 nouns and then asked to recall as many 

words from the list as possible in any order. Immediate word recall represents the total number 

of accurately recalled words; scores ranged from 0 to 10 with greater values indicating stronger 

rote learning abilities. After a 5-minute delay, respondents were once again asked to recall as 



 

 91 

many words as possible from the previously presented list; again, scores ranged from 0 to 10 

with higher values indicating stronger memory abilities.  

Serial 7s is a cognitive task used to assess the ability to maintain and manipulate 

information in working memory actively. Respondents were asked to subtract 7 starting from 

100 and continue until instructed to stop when they reached 65. Cognitively, participants must 

remember the current number and the result of the previous subtraction and perform mental 

arithmetic while adapting to the changing sequence. Scores range from 0 to 5, with a greater 

value indicating more accurate task performance and, thus, stronger working memory. 

Vocabulary was assessed in order to measure crystallized or established intelligence. 

Adapted from the Wechsler Adult Intelligence Scale-revised (WAIS-R; Wechsler, 1987), 

participants were asked to define a predetermined set of five words (e.g., repair, plagiarize, 

audacious) and could earn up to two points per item based on the accuracy and completeness of 

their response. Summed scores ranged from 0 to 10 with higher values indicating greater 

established intelligence.  

 

Results 

Latent Growth Mixture Modeling 

Trajectories of depression (CES-D) from up to two years pre-stroke to four to six years 

post-stroke were identified through latent growth mixture modeling (LGMM; Muthén & Muthén, 

2012). Missing CES-D data2 were handled using full information maximum likelihood. We 

explored intercept, slope, and quadratic parameters as either random or fixed effects. In the final 

models, both slope and intercept variances were allowed to be freely estimated, and quadratic 

                                                
2See Figure 3 in Supplementary Material for a flowchart of missing CES-D  



 

 92 

parameters were nonsignificant and thus removed to facilitate model convergence. Model 

solutions from 1 to 5 classes were compared by model fit indices, including Akaike (AIC), 

sample-size adjusted Bayesian Information Criteria (SSABIC), Entropy, Lo-Mendell-Rubin 

adjusted Likelihood Ration Test (LMR-LRT), and Bootstrap Likelihood Ratio Test (BLRT). In 

addition, we excluded solutions with infrequent classes (< 5%) because these tend to be unstable 

and difficult to replicate (Nylund-Gibson & Choi, 2018). The choice of best-fitting solutions was 

based on these indices, theoretical coherence, and explanatory relevance.  

We first examined one- to five-class solutions for depression (Table 2) via Mplus version 

7 (Muthén & Muthén, 2012). Values for SSBIC decreased from one- to four-class solution, 

indicating improved model fit with increasing class number up until the four-class solution. Both 

LMR-LRTs and BLRTs compared k class solution with k-1 class solution. Although BLRTs 

were significant up to five classes, LMR-LRTs were significant up to four classes. None of the 

solutions included small classes (i.e.,< 5%). Finally, the four-class solution was most consistent 

empirical evidence derived from other studies of psychological adjustment following adverse 

events (Bonanno et al., 2023). Based on the convergence of these indicators, we selected the 

four-class solution selected as optimal for depression (Figure 1). These classes mapped onto the 

prototypical trajectories commonly identified in previous studies (Galatzer-Levy et al., 2018), 

specifically: stable low symptoms (resilient), consistently high symptoms (chronic), initially high 

but gradually declining symptoms (recovery), and initially low but gradually increasing 

symptoms (delay). Baseline statistics by depression trajectory group are represented in Table 1.  
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Multinomial Logistic Regression 

We conducted a multinomial logistic regression using IBM SPSS version 29.0 (2023), to 

examine the extent that baseline cognitive abilities (i.e. immediate and delayed word recall, serial 

7s, and vocabulary) and demographics (i.e., gender and age) predicted classification in different 

trajectory groups among a subsample of participants who had completed all cognitive measures 

(N = 1,349). The resilient trajectory served as the reference group. The overall model was 

significant (χ2 = 146.87, p < .001) with significant likelihood ratio effects including serial 7s    

(χ2 = 27.41, p <.001), age (χ2 = 29.97, p < .001), and gender (χ2 = 39.68, p < .001); immediate   

(χ2 = 2.46, p = .48) and delayed (χ2 = 0.41, p = .94) recall as well as vocabulary (χ2 = 4.99,          

p = .17) were not significant.   

Among parameter estimates, higher baseline serial 7s predicted greater likelihood of 

being in the resilient depression group compared to the chronic (B = -0.22 (0.06), 95% CI [0.71, 

0.90],  p < .001), delayed (B = -0.11 (0.06), 95% CI [0.81, 1.00],  p < .05), and recovery             

(B = -0.21 (0.05), 95% CI [0.73, 0.89],  p < .001) trajectories. For illustrative purposes, we have 

graphically represented levels of serial 7s over time for each depression trajectory (see Figure 

2).3  Age (B = -0.06 to -0.02, all p < .05), and gender (B = -0.65 to -0.94, all p <.001) also 

significantly distinguished resilience from all other trajectories. With the exception of vocabulary 

between resilient and chronic trajectories (B = -.10 (0.05), 95% CI [0.82, 1.00],  p < .05), 

immediate word recall, delayed word recall, and vocabulary parameter estimates were not 

significant (p > .05). These results indicate that participants in the resilient group had greater 

premorbid working memory, were older, and were predominantly male relative to the other 

                                                
3See Figures 4-6 in Supplementary Material for graphic representations of other cognitive variables  
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trajectories. On the other hand, crystallized intelligence, memory, and learning did not 

distinguish resilience from the other depression trajectories.  

   

Discussion 

 Post-stroke depression is common and has been previously associated with cognitive 

reserve and working memory (Bour et al., 2010; Douven et al., 2017; Kanellopoulos et al., 

2020). The purpose of this study was to computationally assess these relationships via latent 

growth mixture modeling (LGMM; Muthén & Muthén, 2012) among a sample of stroke 

survivors from pre-stroke to 4-6 years post-stroke. Four depression trajectory classes were 

identified: stable low symptoms (resilient), consistently high symptoms (chronic), initially high 

with declining symptoms (recovery), and initially low with increasing symptoms (delayed). Our 

results suggest that pre-stroke working memory, as measured by serial 7s, plays a crucial role in 

predicting depression trajectories post-stroke. Specifically, higher baseline serial 7s scores were 

associated with a greater likelihood of belonging to the resilient trajectory relative to other 

trajectories. Age and gender also emerged as significant predictors, with older individuals and 

males being more likely to belong to the resilient group. However, measures of memory and 

crystallized intelligence did not differentiate between resilient and other depression trajectories. 

These findings underscore the importance of premorbid working memory as a potential 

protective factor against post-stroke depression. 

This study contributes to understanding post-stroke depression within the framework of 

resilience and cognitive reserve. Our findings align with an extensive body of research 

demonstrating that resilience is the most common outcome following major medical and 
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potentially traumatic events (Bonanno, 2004; Bonanno et al., 2023; Kang, 2021). Moreover, our 

results corroborate extant research linking greater cognitive reserve to a reduced likelihood of 

post-stroke depression (e.g., Marsh et al., 2018; Tao et al., 2023). By elucidating the interplay 

between resilience to depression and cognitive reserve in the context of stroke, our study 

underscores the potential for monitoring and predicting susceptibility to post-stroke 

psychological difficulties. 

Our findings also align with previous research highlighting the intricate relationship 

between post-stroke depression and working memory. Existing literature has consistently shown 

a connection between working memory and, more broadly, executive dysfunction with post-

stroke depression (Douven et al., 2017) and the bidirectional nature of executive functioning and 

emotion regulation has been well-documented (e.g., Pe et al., 2013). Our results demonstrate that 

greater premorbid working memory predicts resilience to depression following stroke among 

older adults. Although additional research is necessary to confirm this association, our findings 

suggest that stronger and intact working memory may support pre- and post-stroke emotion 

regulation abilities. This, in turn, may promote resilience to post-stroke depression.  

 

Future Directions 

Our work evokes several important questions for future research. Although one study has 

shown non-significant correlations between emotion regulation difficulties and working memory 

among stroke survivors (Yule, 2013), no study to date has specifically explored the more 

dynamic process of emotion regulation flexibility among stroke survivors (Bonanno & Burton, 

2013). Given that regulatory flexibility is independently associated with working memory 

(Pruessner et al, 2020) and resilience to depression (Bonanno et al., 2024), it is possible that 
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working memory may partially mediate the relationship between regulatory flexibility and post-

stroke depression. Future research should specifically measure regulatory flexibility among 

stroke survivors to explore this hypothesis.  

Moreover, our findings may have implications for post-stroke interventions that address 

working memory dysfunction and emotion regulation changes following brain injury. Remedial 

methods and compensatory strategies have both been shown to improve post-stroke executive 

dysfunction (Poulin et al., 2012; Rogers et al., 2018). These rehabilitation paradigms have the 

potential to be effectively coupled with interventions designed to bolster emotion regulation 

following brain injury (Salas et al., 2019). This is further supported by research that has 

associated poorer executive abilities with less effective coping strategies following brain injury 

(Krpan et al., 2011; Wolters Gregório et al., 2015).  

 

Limitations 

While this study contributes valuable insights into the trajectories of depression among 

older adults following a stroke and the protective role of working memory, several limitations 

should be noted. Firstly, the generalizability of findings may be limited to older American adults 

born between 1931 and 1947. Consequently, caution should be exercised when extrapolating 

these results to younger populations or individuals from different cultural or geographical 

backgrounds. Additionally, the reliance on brief examinations of cognitive functioning limits the 

extent to which conclusions can be drawn on the relationship between cognition and post-stroke 

depression. These repeated mental status exams are potentially susceptible to practice effects as 

well (e.g., Cooley et al., 2015). Future research may benefit from more comprehensive cognitive 

assessments sensitive to particular cognitive functions, which may reveal more nuanced 



 

 97 

relationships between premorbid cognitive abilities and post-stroke depression. Future work 

should also consider alternative methods for assessing cognitive reserve, as our focus on 

cognitive abilities may be more reflective of physical attributes or brain reserve. Other 

approaches, such as evaluating educational attainment or occupational complexity could provide 

a broader understanding of enriching experiences that promote cognitive adaptability.  

Furthermore, the absence of exact stroke onset dates and measures of stroke severity 

limits the precision of trajectory identification and the understanding of cognitive changes over 

time. For instance, it is unclear from these data if participants completed their first follow-up 

time point during the post-stroke subacute phase (i.e., within the first 6 months following stroke). 

The absence of the location of cortical damage also limits our findings, as this information could 

provide insights into the associations between post-stroke focal neurological deficits and 

depression. Finally, while multinomial logistic regression revealed significant associations 

between baseline cognitive abilities and depression trajectories, unmeasured confounders or 

variables not included in the analysis may influence these relationships, warranting further 

exploration in future research. 

 

Conclusion 

This study examined the relationship between cognitive reserve and post-stroke 

depression among a large sample of older adult stroke survivors. We identified four depression 

trajectories: resilient, chronic, recovery, and delayed, with greater pre-stroke working memory 

ability predicting resilience to post-stroke depression. Other cognitive factors such as memory 

and crystallized intelligence, however, did not differentiate between trajectories. These findings 

highlight premorbid working memory as a potential protective factor against post-stroke 
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depression and underscores the pressing need to delve deeper into the intricate relationships 

between emotion regulation, working memory, and emotional well-being within this population. 

By conducting more nuanced investigations into these dynamics, researchers can uncover 

valuable insights that may inform the development of targeted cognitive and emotional 

interventions aimed at fostering recovery and resilience. 
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Tables & Figures 

  
Table 1. Baseline characteristics by depression trajectory and overall sample. 
 Resilient 

(n = 1505) 
Chronic 
(n = 245) 

Delayed 
(n = 237) 

Recovery 
(n = 311) 

All participants 
(n = 2298) 

Age (M, SD) 72.02 (9.68) 67.35 (10.69) 70.36 (10.18) 70.61 (10.19) 71.17 (10.01) 
Gender: (% female, n) 50.23 (756) 69.80 (171) 71.31 (169) 68.49 (213) 56.96 (1309) 
Race (%, n)      
    White/Caucasian 81.33 (1224) 73.06 (179) 75.11 (178) 72.99 (227) 78.68 (1808) 
    Black/African American 16.35 (246) 24.49 (60) 20.25 (48) 20.58 (64) 18.19 (418) 
    Hispanic 3.85 (58) 8.57 (21) 7.17 (17) 9.00 (28) 5.40 (124) 
    Other 2.33 (35) 2.45 (6) 4.64 (11) 5.47 (17) 3.00 (69) 
Pre-Stroke CES-D (M, SD) 1.04 (1.08) 5.87 (1.32) 1.83 (1.22) 5.09 (1.24) 2.21 (2.20) 
Pre-Stroke Cognition (M, SD)      
    Immediate Recall  4.89 (1.85) 4.58 (1.88) 4.98 (1.90) 4.52 (1.79) 4.81 (1.86) 
    Delayed Recall 3.71 (2.18) 3.31 (2.20) 3.80 (2.36) 3.35 (2.02) 3.62 (2.19) 
    Serial 7s 3.16 (1.83) 2.10 (1.88) 2.89 (1.89) 2.36 (1.93) 2.91 (1.89) 
    Vocabulary 5.42 (2.16) 4.40 (2.23) 5.36 (2.28) 4.90 (2.14) 5.25 (2.20) 
Note. Depression trajectories derived from latent growth mixture modeling (LGMM); CES-D = Center for Epidemiological 
Studies Depression scale; racial categories are not mutually exclusive; age, CES-D, and cognitive variables measured at pre-
stroke timepoint (T0). 
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Table 2. Fit Indices for Latent Growth Mixture Models (LGMM) for Depression. 
Class Number AIC SSABIC Entropy LMR LRT p BLRT p Per. Small 

1 29169.16 29192.223 - 
- 

- - 

2 28694.65 28990.83 .80 <.001 < .001 24.8% 

3 28952.11 28725.40 .78 <.001 < .001 13.7% 

4 28336.69 28382.81 .75 .004 < .001 11.2% 

5 28664.71 28718.92 .85 .07 <. 001 6.6% 
Note. AIC = Akaike Information Criterion. SSABIC = Sample-size adjusted Bayesian Information Criterion. 
BLRT = Parametric Bootstrapped likelihood ratio test. Per. Small = Percentage of participants in the smallest 
group.  
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Figure 1.

 

Note. Time points are approximately 2 years apart; depression classes derived from Center for 

Epidemiologic Studies Depression Scale Short Form (CES-D) scores via Latent Growth Mixture 

Modeling (LGMM). 
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Figure 2. 

 

Note. Time points are approximately 2 years apart; depression classes derived from Center for 

Epidemiologic Studies Depression Scale Short Form (CES-D) scores via Latent Growth Mixture 

Modeling (LGMM). 
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Supplementary Material 

 
Figure 3. 

CESD Missingness and Attrition by Timepoint 

 

Note. CESD = Epidemiologic Studies Depression Scale Short Form; 0 participants died between 

T0 and T1; 654 participants died in total within the duration of this study.   
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Figure 4. 

 

Note. Time points are approximately 2 years apart; depression classes derived from Center for 

Epidemiologic Studies Depression Scale Short Form (CES-D) scores via Latent Growth Mixture 

Modeling (LGMM). 
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Figure 5. 

 

Note. Time points are approximately 2 years apart; depression classes derived from Center for 

Epidemiologic Studies Depression Scale Short Form (CES-D) scores via Latent Growth Mixture 

Modeling (LGMM). 
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Figure 6. 

 

Note. Time points are approximately 2 years apart; depression classes derived from Center for 

Epidemiologic Studies Depression Scale Short Form (CES-D) scores via Latent Growth Mixture 

Modeling (LGMM). 

 



 

 117 

 

 

 

 

 

 
  

 

Chapter 3: GENERAL DISCUSSION 
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Emotion regulation plays a crucial role in distinguishing between health and 

psychopathology with recent research emphasizing the importance of flexibility, or adapting 

regulatory strategies to meet dynamic situational demands as they develop (Aldao 2013; 

Bonanno et al., 2004; Gross, 2015). This is reflected in burgeoning research on coping 

flexibility, emotion regulation flexibility, and the broader perspective of regulatory flexibility 

(Aldao et al., 2015; Bonanno & Burton, 2013; Cheng, 2014). 

Regulatory flexibility shares many similarities with cognitive control, also known as 

executive functioning, which encompasses inhibition, working memory, and shifting mental sets 

(Friedman & Miyake, 2017; Pruessner et al, 2020). Both processes are supported by 

frontoparietal networks and rely on cognitive resources (Jurado & Rosselli, 2007; Niendam et al., 

2012) and effective emotion regulation has been shown to rely on components of cognitive 

control (Braunstein et al., 2017; Joormann & Tanovic, 2015; Myruski et al., 2019). In an effort to 

theoretically connect these processes, Pruessner and colleagues (2020) integrated regulatory 

flexibility into a cognitive control framework, suggesting that updating working memory is 

crucial throughout each step of the regulatory process. Working memory is essential for 

sustaining regulatory strategies and contextual goals, particularly in dynamic situations (Barkus, 

2020; Pe et al., 2013; Xiu et al., 2018), and is thus believed to play a critical role in emotion 

regulation flexibility. 

Exploring the relationship between cognitive control and regulatory flexibility is 

clinically germane to a range of populations. For instance, military veterans face significant 

adjustments during their military-to-civilian transition, which can exacerbate mental health 

issues like PTSD and depression (Castro et al., 2019; Cooper et al., 2018; Mobbs & Bonanno, 
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2018). Furthermore, deficits in components of regulatory flexibility repertoire, such as 

expressive flexibility, are associated with PTSD severity among veterans (Rodin et al., 2017). 

Expressive control may aid in social interactions and subsequently mitigate transition stress, but 

differences between veteran and non-veteran populations remain unexplored.  

Additionally, both cognitive control and regulatory flexibility are believed to play a 

critical role in adjustment following major medical events. For instance, depression is common 

after stroke and has been previously linked to cognitive impairment and quality of life changes 

(Ashaie et al., 2023; Hackett & Pickles, 2014). Cognitive reserve, or the brain’s ability to 

maintain normal cognitive functioning despite experiencing age-related changes or damage due 

to disease and injury (Stern 2002; Stern 2009), may protect against post-stroke depression and 

cognitive decline (Perrain et al., 2021; Tao et al., 2023; Rosenich et al., 2020). Moreover, 

resilience to psychopathology is common after major medical events, but more research is 

needed to better understand the relationships between resilience, cognitive reserve, depression, 

and post-stroke cognitive functioning (Bonanno et al., 2011; Kang, 2021).  

Many questions remain concerning the role of cognitive processes in emotion regulation 

across diverse groups, levels of psychopathology, and medical illness. This dissertation explored 

these questions through three empirical studies. Study 1 examined the impact of cognitive load 

on expressive flexibility in veteran and non-veteran samples, and its relation to military-to-

civilian transition stress. Study 2 investigated the relationship between working memory and 

context sensitivity while controlling for depression and PTSD symptoms. Finally, Study 3 

focused on cognitive variables, examining the relationship between depression trajectories, 

cognitive reserve, and cognitive decline in older adults following stroke. By investigating these 
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variables, I sought to enhance our understanding of emotion regulation and its cognitive 

underpinnings across diverse groups and contexts. 

 

Findings from Study 1 

Study 1 aimed to examine how taxing working memory resources through cognitive load 

impacts the ability to intentionally enhance or suppress emotional expression, and to explore for 

potential differences in expressive flexibility between veterans and non-veteran samples. To 

these ends, we created a modified version of the Expressive Flexibility Task (Bonanno et al., 

2004) where half of the experimental blocks included a numeric cognitive load, taxing 

participants’ working memory while they attempted to modulate their expression of emotion 

based on contextual demands.  

Our results indicated a significant interaction between expressive modulation (i.e., the 

ability to enhance or suppress emotional expression) and the presence or absence of a cognitive 

load. Post hoc analyses assessing simple effects revealed that, overall, a cognitive load 

significantly limited suppression abilities but did not significantly affect enhancement abilities. 

These findings align with previous research suggesting that regulatory flexibility relies on 

components of cognitive control, especially working memory (Pruessner et al, 2020). Working 

memory affords the ability to mentally represent and understand emotions as well as to enable 

regulatory strategies. Contextual factors that place additional demands on working memory can 

thus impede the ability to utilize regulatory strategies, such as expressive flexibility, in that these 

factors limit the capacity necessary to select, implement, and monitor said strategies.    
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It remains unclear why limiting working memory capacity significantly affects expressive 

suppression but not expressive enhancement. These results may be due to a lack of power: the 

effect size of cognitive load on suppression was medium (η2=.11) but small for enhancement 

(η2=.02), which may yield more meaningful results in a larger sample. Alternatively, expressive 

suppression may be relatively more cognitively demanding than expressive enhancement, given 

that suppression requires inhibiting facial expression while expressive enhancement does not 

(Sikka et al., 2022). It is also possible that limiting working memory resources while 

concurrently viewing distressing stimuli compounds affective intensity, perhaps resulting in 

greater affective expression across conditions. However, participant subjective affect ratings do 

not support this. Attempting to hold the cognitive load in working memory may also be causing 

participants to express concentration or to put on a “game face,” bolstering cognitive 

performance (Richesin et al., 2020). Additional work is required to tease out whether these 

findings are due to a lack of power, distinct mechanisms, or an unaddressed alternative 

explanation.  

The finding that cognitive load significantly diminishes mean expressivity among non-

veterans in the view only condition makes the use of expressive ability scores somewhat 

problematic given its potential to artificially increase enhancement abilities while decreasing 

suppression abilities. That said, this effect was small (η2=.05), was not observed among 

participant’s subjective emotional intensity ratings, and was not significant among veterans. 

Moreover, if differences in the control condition were driving results, we would expect to see 

this effect in both suppression and enhancement ability scores, which we did not. Additional 

research is nonetheless required to address this potential limitation. 
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Our hypothesis that expressive abilities would be associated with military-to-civilian 

transition stress was supported only in that suppression ability with cognitive load (but not 

without) was moderately correlated with transition stress on the M2C-Q (Sayer et al., 2011). 

Enhancement ability was not significantly associated with transition stress regardless of 

cognitive load. Considering these findings, our results indicate that veteran transition stress is 

associated with weakened expressive suppression abilities when encumbered by greater 

cognitive demand. In other words, it is relatively more difficult for veterans struggling with 

transitioning to civilian life to suppress their expression of emotion in the context of competing 

cognitive demands.  

Conversely, given the cross-sectional nature of the design, it is also plausible that military 

veterans’ ability to modulate emotional expression with competing cognitive demands may have 

influenced their transition experience. The ability to flexibly modulate emotional expression 

buttresses social interactions (Gupta & Bonanno, 2011), which are paramount for veteran 

wellbeing (Wilson et al., 2018). Future studies would benefit from directly studying the 

association between expressive flexibility and feelings of loneliness and social isolation among 

veterans, potentially mediating the relationship between expressive flexibility and transition 

stress. 

 Our hypothesis that veteran expressive modulation would be less affected by a cognitive 

load was not supported, as the interaction between veteran status and expressive modulation was 

only marginally significant. These results suggest negligible differences between veterans and 

non-veterans regarding expressive flexibility and that limiting working memory affects these 

populations similarly. These results imply that regulatory flexibility studies performed on non-

veterans are potentially generalizable, but some factors particular to veterans likely remain. 
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Considering the burgeoning attention to veteran transition stress among researchers, our results 

may expedite the application of regulatory flexibility research and intervention to this 

population.  

 

Findings from Study 2 

Study 2 investigated the associations between context sensitivity, or the ability to detect 

the presence and relative absence of contextual cues to assess the nature of a stressor situation 

and determine how best to respond (Bonanno et al., 2020), and components of working memory, 

as measured by a verbally administered digit span task (i.e., WAIS-IV Digit Span Forwards and 

Digit Span Sequencing; Wechsler, 2008). Context sensitivity is the initial step in self-regulation 

and is critical for determining when it might be appropriate to initiate regulation and informs 

which strategy may be most effective given the situation's context (Aldao, 2013; Bonanno & 

Burton, 2013). The aim of Study 2 was to assess if working memory and or the ability to apply 

semantic knowledge to content held in working memory is associated with context sensitivity. 

Moreover, we included symptom inventories in all analyses to control for the well-established 

negative impact of post-traumatic stress disorder (PTSD) and depression on cognitive control 

(Nuño et al., 2021) as well as between depression and the limited ability to detect cue absence 

(Bonanno et al., 2020).  

Findings indicated that the ability to detect both the presence and relative absence of 

contextual cues was associated with working memory over and above of PTSD and depression 

severity. This is not to say that sensitivity to contextual factors relevant to emotion regulation is 

limited to attentional capacity alone, or simply perceiving and holding contextual information. 

Rather, context sensitivity is more appropriately described as the ability to integrate contextually 
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relevant knowledge from long-term memory with information held in working memory. This 

suggests that the application of semantic information to working memory scaffolds effective cue 

detection in order make sense of contextual information. In other words, our findings suggest 

that the process through which meaning is applied to contextual cues held in working guides 

emotion regulation.  

In terms of the effects on the flexibility sequence, it stands to reason that stable working 

memory abilities afford more flexible and effective emotion regulation. On the other hand, the 

interruption of semantic application to contextual cues may subsequently misguide appropriate 

strategy application and or misinform feedback. Additional research, however, is necessary to 

better understand these potential downstream effects. 

 

Findings from Study 3 

Study 3 explores the relationship between cognitive reserve and post-stroke depression 

among a largescale longitudinal sample of older adults who have suffered their first stroke. To 

these ends, we computationally assessed these relationships via latent growth mixture modeling 

(LGMM; Muthén & Muthén, 2012) among a sample of stroke survivors from pre-stroke to 4-6 

years post-stroke. Four depression trajectory classes were identified: stable low symptoms 

(resilient), consistently high symptoms (chronic), initially high with declining symptoms 

(recovery), and initially low with increasing symptoms (delayed).  

Our results suggest that pre-stroke working memory, as measured by serial 7s (i.e., 

counting backwards by 7 starting from 100), plays a crucial role in predicting depression 

trajectories post-stroke. Specifically, higher baseline serial 7s scores were associated with a 

greater likelihood of belonging to the resilient trajectory relative to other trajectories. Age and 
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gender also emerged as significant predictors, with older individuals and males being more likely 

to belong to the resilient group. Measures of memory and crystallized intelligence, however, did 

not differentiate between resilient and other depression trajectories. These findings underscore 

the importance of premorbid working memory as a potential protective factor against post-stroke 

depression. 

This study contributes to understanding post-stroke depression within the framework of 

resilience and cognitive reserve. Our findings align with an extensive body of research 

demonstrating that resilience is the most common outcome following major medical and 

potentially traumatic events (Bonanno, 2004; Bonanno et al., 2023; Kang, 2021). Moreover, our 

results corroborate extant research linking greater cognitive reserve to a reduced likelihood of 

post-stroke depression (e.g., Marsh et al., 2018; Tao et al., 2023). By elucidating the interplay 

between resilience to depression and cognitive reserve in the context of stroke, our study 

underscores the potential for monitoring and predicting susceptibility to post-stroke 

psychological difficulties. 

Our findings also align with previous research highlighting the intricate relationship 

between post-stroke depression and working memory. Existing literature has consistently shown 

a connection between executive dysfunction and post-stroke depression (Douven et al., 2017) 

and the bidirectional nature of executive functioning and emotion regulation has been well-

documented as well (e.g., Pe et al., 2013). Our results demonstrate that greater premorbid 

working memory predicts resilience to depression following stroke among older adults. Although 

additional research is necessary to confirm this association, our findings suggest that stronger 

and intact working memory, or more broadly, executive functioning, may support pre- and post-
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stroke emotion regulation abilities. This, in turn, may promote resilience to and recovery from 

post-stroke depression.  

 

Limitations 

 This dissertation presents a number of advancements in exploring the relationships 

between cognitive control and emotion regulation and adjustment following major life events, 

such as military-to-civilian transition and post-stroke emotional wellbeing. However, there are 

several limitations that must be considered when interpreting these findings.  

 Data for Study 1 and Study 2 were collected remotely, thus precluding the administration 

of more robust data collection procedures. For instance, facial electromyography (EMG) may 

have produced more robust findings in Study 1. Although subjective facial coding tends to 

produce similar results (Zhu, 2016), it would be worthwhile to include an objective measurement 

of negative emotional response, such as EMG of the activity of corrugator muscle response (e.g., 

Adamczyk et al., 2024), to possibly reveal more nuanced findings. Moreover, participants 

completed Study 1 using their personal computer and thus a non-standardized camera and 

setting, increasing the likelihood of random error and possibly weakening results. Similarly, in 

Study 2 we administered our digit span task in a non-standardized environment. Although we 

took measures to limit environmental distractors and ensure participant compliance with task 

demands in both studies, such as requiring participants to complete the study from a quiet and 

private location with their cameras on, replicating these studies in a more controlled, in-person 

setting may reveal additional findings.  

Our use of a community (i.e., non-clinical) sample and reliance on self-report measures in 

Study 1 and 2 limits the application of our findings regarding examining psychopathology. For 
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example, in Study 1, the potential relationships between depression, cognitive load, and 

expressive flexibility remain uninvestigated. It will be important to further explore the influence 

of cognitive load and depression on expressive flexibility using a clinical sample, ideally with 

standardized, clinician-administered measures. Furthermore, using more robust structured 

clinical interviews to measure PTSD and depression symptoms in Study 2 has the potential to 

produce stronger and more nuanced findings relative to self-report measures.  

The cross-sectional nature of Study 2 as well as the lack of behavioral data does pose a 

significant limitation. Although the Context Sensitivity Index (CSI) has been validated using 

behavioral measures such as the Wechsler Adult Intelligence Scale III (WAIS-III) Picture 

Arrangement test (Wechsler, 1997; see Bonanno et al., 2020), Study 2 relied solely on self-report 

data. Additional data collection employing behavioral measures of context sensitivity and or 

going beyond a single timepoint is necessary to confirm our findings. Future work may also 

benefit from experimentally testing the relationship between working memory and context 

sensitivity. 

Study 3 was not impacted by the same limitations associated with remote and cross-

sectional data collection, though a number of limitations remain. Firstly, the generalizability of 

findings may be limited to older American adults born between 1931 and 1947. Consequently, 

caution should be exercised when extrapolating these results to younger populations or 

individuals from different cultural or geographical backgrounds. Additionally, the reliance on 

brief examinations of cognitive functioning limits the extent to which conclusions can be drawn 

on the relationship between cognition and post-stroke depression. These repeated mental status 

exams are potentially susceptible to practice effects as well (e.g., Cooley et al., 2015). Future 

research may benefit from more comprehensive cognitive assessments sensitive to particular 
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cognitive functions, which may reveal more nuanced relationships between premorbid cognitive 

abilities and post-stroke depression. Future work should also consider alternative methods for 

assessing cognitive reserve, as our focus on cognitive abilities may be more reflective of physical 

attributes or brain reserve. Other approaches, such as evaluating educational attainment or 

occupational complexity could provide a broader understanding of enriching experiences that 

promote cognitive adaptability.  

Furthermore, the absence of exact stroke onset dates and measures of stroke severity 

limits the precision of trajectory identification and the understanding of cognitive changes over 

time. For instance, it is unclear from these data if participants completed their first follow-up 

time point during the post-stroke subacute phase (i.e., within the first 6 months following stroke). 

The absence of the location of cortical damage also limits our findings, as this information could 

provide insights into the associations between post-stroke focal neurological deficits and 

depression. Finally, while multinomial logistic regression revealed significant associations 

between baseline cognitive abilities and depression trajectories, unmeasured confounders or 

variables not included in the analysis may influence these relationships, warranting further 

exploration in future research. 

 

Future Directions 

Despite the aforementioned limitations, these studies have several strengths and beget 

myriad questions to address in future research.  

Study 1 is the first experiment to show that impacting cognitive control limits the ability 

to modulate emotional expression flexibly. Our approach has broad implications for studying the 

relationship between cognitive control and regulatory flexibility and adds to a growing literature 
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on how competing draws on working memory limit the maintenance, implementation, and or 

updating of regulatory strategies. Furthermore, comparing veterans with nonveteran samples 

broadens our findings, demonstrating a similar mechanism of regulatory flexibility between these 

two populations. Our findings also suggest clinical applications that are worthy of additional 

research. The connection between suppression abilities with a cognitive load and military-to-

civilian transition stress may reveal intervention considerations for transitioning service 

members. Furthermore, this finding suggests that expressive suppression abilities in cognitively 

demanding situations may partially mediate the relationship between social isolation among 

service members and transition stress. The ability to maintain a regulatory strategy despite 

increased cognitive demands may foster successful and flexible regulation. In contrast, poor 

cognitive control in the context of stressful situations may be linked to a greater risk of 

developing psychopathology.  

           The findings from Study 2 also raise a number of questions for future research. For 

instance, is it internally or externally generated information that guides (or misguides) cue 

search? Negative emotional states impact the ability to filter distractors from working memory 

(Ye et al., 2024) and psychopathology is linked to the misinterpretation of cues generated both 

internally (Domschke et al., 2010) and externally (Lohr et al., 2007). Any of these clinical 

phenomena has the potential to interrupt, distort, and or misdirect semantic cataloging and guide 

the search for contextual cues in a narrow manner. What’s more, individuals with depression 

have been shown to exhibit diminished working memory (Nuño et al., 2021) and cue absence 

abilities (Bonanno et al., 2020). The ability to integrate semantic knowledge with working 

memory may partially mediate depressive symptoms involving cue detection, such as negative 

attribution biases (Rubenstein et al., 2016). Addressing these questions may help to enhance or 
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remove obstacles to context sensitivity, which has the broad potential to improve the regulatory 

process as a whole. 

Study 3 also highlights several important questions for future research. For instance, what 

is the role of emotion regulation flexibility (Bonanno & Burton, 2013) in predicting post-stroke 

depression? Although one study has shown non-significant correlations between emotion 

regulation difficulties and executive dysfunction among stroke survivors (Yule, 2013), no study 

to date has specifically explored the more dynamic process of emotion regulation flexibility 

among stroke survivors. Given that regulatory flexibility is independently associated with 

executive functioning (Pruessner et al, 2020) and resilience to depression (Bonanno et al., 2024), 

it is possible that executive functioning may partially mediate the relationship between 

regulatory flexibility and post-stroke depression. Future research should specifically measure 

regulatory flexibility among stroke survivors to confirm or reject this hypothesis.  

Moreover, our findings from Study 3 may have implications for post-stroke interventions 

that address executive dysfunction and emotion regulation changes following brain injury. 

Remedial methods (such as computer-based exercises targeting working memory and 

multitasking) and compensatory strategies (such as employing cognitive strategies and using 

paging systems) have both been shown to improve post-stroke executive dysfunction (Poulin et 

al., 2012; Rogers et al., 2018). These rehabilitation paradigms have the potential to be effectively 

coupled with interventions designed to bolster emotion regulation following brain injury (Salas 

et al., 2019). This is further evidenced by research that has associated poorer executive abilities 

with less effective coping strategies following brain injury (Krpan et al., 2011; Wolters Gregório 

et al., 2015).  
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While further research is necessary to ascertain the effectiveness of integrating emotion 

regulation training with cognitive remediation interventions among survivors of stroke, Study 3 

underscores the pressing need to delve deeper into the intricate relationships between emotion 

regulation, executive functioning, and emotional well-being within this population. By 

conducting more nuanced investigations into these dynamics, researchers can uncover valuable 

insights that may inform the development of targeted interventions aimed at fostering recovery 

and resilience. 

 

Conclusion  

This dissertation explores the intricate relationship between cognitive control, emotion 

regulatory flexibility, and their impacts on emotional health through three empirical studies. 

Study 1 investigated the interplay between cognitive load and emotion regulation flexibility via a 

modified version of the Expressive Flexibility Task (Bonanno et al., 2004). Results indicated that 

participants struggled more with emotional suppression under cognitive load, demonstrating that 

expressive flexibility relies at least partially on working memory. These findings suggest that the 

successful employment of specific regulatory strategies is strained when multitasking or when 

there are competing demands on working memory. Further, no differences were observed 

between veteran and non-veteran samples.  

Study 2 examined the link between context sensitivity and working memory using a 

cross-sectional design. Results showed that context sensitivity was not significantly associated 

with simple working memory storage or basic attention but instead was related to the ability to 

apply semantic meaning to contextual information held in working memory. This indicates that 
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context sensitivity depends on how well we can interpret and utilize information in real-time, 

rather than merely how much information we can hold.  

Study 3 involved a longitudinal analysis of stroke survivors to understand the role of 

cognitive abilities in predicting post-stroke depression. Using latent growth mixture modeling, 

four depression trajectories were identified: resilient, recovery, emergent, and chronic. Pre-stroke 

cognitive abilities, particularly working memory, were found to be significant predictors of post-

stroke depression, emphasizing the importance of working memory in emotional resilience and 

recovery following major medical events. 

In conclusion, this dissertation highlights the critical role of cognitive control in emotion 

regulation and psychological adjustment. Effective emotion regulation and recovery from 

distressing or challenging experiences are heavily reliant on cognitive control, especially 

working memory. These findings underscore that improving cognitive control could be a key 

intervention for enhancing emotional regulation and resilience, particularly in individuals with 

mood and anxiety disorders or experiencing major life adjustments. These studies collectively 

advance our understanding of the interconnectedness between cognitive processes and emotional 

health, providing a foundation for future research and therapeutic strategies. 
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