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Abstract 

 

As NASA pursues longer-duration crewed missions, an increased understanding of 

psychological resilience and distress tolerance in high-stress environments will become vital to 

maintaining human performance. Emotion regulation and cognitive control have individually 

been associated with distress tolerance, but inconsistent measurement and task demands have left 

the cognitive-affective mechanisms of distress tolerance unclear. This study aims to elucidate the 

relationship between neurophysiological markers of cognitive control, emotion regulation ability, 

and distress tolerance. Undergraduate students completed self-report measures of distress 

tolerance and emotion regulation in addition to a behavioral task assessing cognitive control. The 

Go-NoGo task was used to elicit a neurophysiological marker of cognitive control known as the 

anterior N2 through response inhibition. It was hypothesized that N2 would moderate the 

relationship between emotion regulation and distress tolerance. Findings indicated a significant 

predictive effect of emotion regulation on distress tolerance and a non-significant small effect for 

the N2 predicting distress tolerance. Secondary analyses supported neurophysiological cognitive 

control findings with similar effects using self-reported cognitive control. Results indicate that 

emotion regulation may represent a valuable target for adapted selection, training, and 

intervention to ensure adequate distress tolerance is identified in crew members.   
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THE INFLUENCE OF NEGATIVE AFFECT REGULATION AND 

NEUROPHYSIOLOGICAL MARKERS OF COGNITIVE CONTROL ON DISTRESS 

TOLERANCE 

As NASA expands its crewed space 

program to include long-duration missions 

with greater degrees of isolation and delay in 

communication, psychological resilience 

during transit and habitation periods will be 

essential to mission success (Alfano et al., 

2018). Current candidate suitability 

proficiencies include, among other items, the 

ability to regulate emotional states and perform 

under stressful conditions (Sgobba et al., 

2018). However, to identify and train 

individuals that will retain high levels of 

functionality under the demands of long-term 

space travel, the mechanisms of individual 

differences in resilience must first be 

understood.  

Distress tolerance, or the ability to 

withstand negative affect in pursuit of a goal 

(Leyro et al., 2010). is imperative for 

psychological health and coping under stressful 

conditions (Hawkins et al., 2013). Low distress 

tolerance is a transdiagnostic vulnerability 

factor for a wide range of psychopathology, the 

occurrence of which could increase 

psychological distress, jeopardize mission 

success, and hinder crew teamwork dynamics. 

Internalizing disorders such as anxiety 

disorders (Keough et al., 2010; Michel et al., 

2016), depression (Benfer et al., 2017; 

Williams et al., 2013), and posttraumatic stress 

disorder (Vujanovic et al., 2011) are most 

commonly associated with low distress 

tolerance. The presentation of externalizing 

disorders in individuals with low distress 

tolerance such as substance use disorders 

(Allan et al., 2015), eating disorders (Anestis et 

al., 2012), non-suicidal self-injury (Slabbert et 

al., 2018), and suicidality (Anestis et al., 2013) 

may also be influenced by poor coping strategy 

use in response to emotional distress.  

Emotion regulation is related to distress 

tolerance (Jeffries et al., 2016; Naragon-

Gainey et al., 2017) and independently 

predictive of mental health outcomes (Bonanno 

& Burton, 2013). Additionally, the adaptive 

use of self-regulation strategies is associated 

with stronger social bonds (Gross & John, 

2003) which may assist with team dynamics. 

Emotional regulation can also promote 

cooperation and cohesive team functioning 

through interpersonal control of negative affect 

(Barthel et al., 2018).  

Interestingly, self-report measures of 

distress tolerance and emotion regulation are 

more predictive of mental health outcomes than 

behavioral measures (Gross, 2014; Kiselica et 

al., 2015). This predictive ability is thought to 

demonstrate the impact of self-efficacy on both 

performance and willingness to use emotional 

coping strategies. Decreased use of adaptive 

coping strategies would likely negatively 

impact overall emotional well-being, further 

perpetuating the perception of low emotional 

coping abilities (Kneeland et al., 2016). 

Additionally, it has been noted that that the 

measurement of distress tolerance is currently 

consistent only across domain-specific self-

report measures (i.e. negative affect tolerance) 

and the use of behavioral tasks to measure 

distress tolerance add additional cognitive 

demands (McHugh & Otto, 2012; Veilleux et 

al., 2019) 

The regulation and tolerance of high-

intensity emotions increase cognitive demand 

(Langeslag & Surti, 2017; Ortner et al., 2016), 
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thus decreasing cognitive resources available 

for the performance of mission duties.  

Low distress tolerance may be 

predicted by poor cognitive control as indicated 

by difficulty inhibiting a prepotent emotional 

response despite a known conflict with an 

alternative response that may be more 

conducive to a long-term goal (Marshall et al., 

2011). Prolonged attention to negative 

emotion, which may be indicative of poor 

attentional control and shifting abilities 

(Macatee, McDermott, et al., 2018), also 

increases subjective distress levels and 

decreases tolerance to negative emotions 

(Benfer et al., 2017) particularly when 

appropriate regulatory strategies are not used 

(Hajcak et al., 2006).  

Individual distress tolerance is related 

to cognitive control even when accounting for 

the level of negative affect (Macatee, Albanese, 

et al., 2018). Higher distress tolerance may 

decrease emotional regulation's cognitive 

demands and increase functionality by creating 

a higher threshold at which emotions become 

distressing enough to require regulation. 

Similarly, effectual cognitive control and 

emotion regulation abilities may increase an 

individual's perception and self-efficacy of 

their ability to tolerate negative emotions. 

While self-reported perceived distress 

tolerance and emotion regulation are 

appropriate measures in a mental health 

context, cognitive control assessment is more 

varied. One such measure, the anterior N2 

event-related potential (ERP) component, uses 

stimulus-locked neurophysiological responses 

to assess attention, conflict monitoring, and 

response inhibition (Rietdijk et al., 2014). The 

anterior N2 is closely followed by the P3 

component associated with attention orienting 

to novel or significant stimuli (Folstein & Van 

Petten, 2008). 

In the context of cognitive control for 

response inhibition, the anterior N2 would be 

display attention to and recognition of conflict 

between a prepotent and desired response 

(Feldman & Freitas, 2019). The extant 

literature regarding the relationship between 

cognitive control and distress tolerance has 

been inconsistent in part due to methodological 

differences such as measurement type and 

cognitive task demands. 

 Zhou and colleagues (2015) decreased 

cognitive task demands to analyze inhibitory 

motor control using the N2 component in a 

behavioral task. However, this paradigm was 

limited by the assumption that motor and 

premotor inhibitory control are the primary 

aspects of cognitive control represented by N2 

amplitude changes in early processing. 

Macatee, Albanese, Clancy, et al. (2018) used 

a complex Go-NoGo task with attentional and 

conflict monitoring cognitive demands to 

detect neurophysiological markers of 

differences in distress intolerance. However, 

these results used a clinical sample and were 

confounded by the task's working memory 

component. 

 This study aims to elucidate the 

relationship between neurophysiological 

markers of cognitive control, emotion 

regulation ability, and distress tolerance, 

leading to a greater understanding of cognitive-

affective processing imperative for team 

cohesion, individual mental health, and 

ultimately mission success. It is hypothesized 

that the anterior N2 will predict distress 

tolerance during a simple Go-NoGo task. It is 

further expected that cognitive control will 

moderate the relationship between emotion 

regulation and distress tolerance and may 
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represent a valuable target for adapted 

selection, training, and intervention in 

astronauts. A secondary aim of this study is to 

clarify whether neural cognitive control and 

self-reported cognitive control have differential 

interactive effects. 

Method 

Participants  

The sample was comprised of 53 

undergraduate students (mean age = 20.57, SD 

= 3.74) completing the study for research 

credit. Exclusion criteria included being under 

18 years of age. Of the 59 participants that 

completed the Go-NoGo task, two were 

excluded due to missing EEG data, and five 

were excluded due to missing survey data. 

Participants were primarily female (71%,  n = 

38), White (50.9%, n = 27) and non-Hispanic 

(81.1%, n = 43).  The sample was 13.2% Black 

(n = 7), 9.4% Latino/a (n = 5), 1.9% Asian (n = 

1), and 24.5% Multiracial (n = 13). Participants 

completed self-report questionnaires followed 

by behavioral tasks while monitoring 

electroencephalographic (EEG) and 

electrocardiographic (ECG) responses.  

The secondary sample used only for 

ancillary analyses consisted of 740 

undergraduate students (mean age = 22.06, SD 

= 5.87). Participants over 18 years old 

completed online questionnaires for research 

credit and were excluded if they missed 

attention check items or did not complete more 

than 10% of one of the measures used for 

analyses. Participants were primarily female 

(70.1%, n = 522), White (50.5%, n = 376), and 

non-Hispanic (92.1%, n = 686). Th sample was 

42.8% Black (n = 319), 7.9% Latino/a (n = 59), 

4.8% Asian (n = 36), 1.7% Middle Eastern (n = 

13), and 3.7% Native or Pacific Islander (n = 

28).  

Self-Report Measures 

Distress Tolerance Scale  

The Distress Tolerance Scale (DTS; 

Simons & Gaher, 2005) is a measure of the 

perceived ability to withstand negative affect 

and emotional distress. Individuals completing 

the 15-item questionnaire used a 5-point Likert 

scale from 1 (strongly agree) to 5 (strongly 

disagree). The DTS consists of four subscales 

assessing tolerance, absorption, regulation, and 

appraisal. One item is reverse-scored, and 

higher summed total scores are indicative of 

greater perceived distress tolerance. 

Difficulties in Emotion Regulation 

Scale-Short Form 
The Difficulties in Emotion Regulation 

Scale-Short Form (DERS-SF; Kaufman et al., 

2015) assesses the ability to regulate negative 

emotional states. This 18-item questionnaire 

asks participants to rate orientation and 

responses to negative emotions on a 5-point 

scale from 1 = almost never (0-10%) to 5 = 

almost always (91-100%). The DERS-SF 

includes six subscales related to difficulties 

with regulatory strategy use, non-acceptance, 

impulsivity, goal-directedness, emotional 

awareness, and emotional clarity. The 

awareness items are reverse scored and items 

are summed to get subscale and total scores 

with higher scores indicating greater perceived 

difficulty with emotion regulation. 

Attentional Control Scale-

Straightforward Short 

The Attentional Control Scale-

Straightforward Short (ACS-SS; Derryberry & 

Reed, 2002; Judah et al., 2014) assesses 

perceived to control focus and shifting of 

attention. This 12-item measures asks 

participants to rate how strongly items apply to 

them when working or concentrating on a 5-

point Likert scale from 1 (almost never) to 4 
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(always). Items are summed to get a total score 

with greater scores indicating greater 

attentional control. 

Behavioral Measure 

 Go-NoGo Task/N2 ERP Component 

The behavioral task measuring cognitive 

control was the Go-NoGo task. This task 

primarily measures cognitive control through 

inhibitory response regulation and attentional 

control. Participants respond with a button- 

press to three differently oriented Gabor 

patches (0, 45, 90, and 135 degrees) but are 

instructed not to respond to one orientation 

(counter-balanced). The anterior N2 ERP 

component is reliably evoked by this task at 

approximately 200 ms following the stimulus 

presentation and is measured in the Fz, FCz, 

and Cz electrodes (Rietdijk et al., 2014). As the 

anterior N2 is greater during the NoGo 

stimulus, a minimum of 30 NoGo trials is 

recommended for internal consistency 

purposes (Leue et al., 2013). The present study 

included approximately 240 total trials with 

approximately 60 (25%) NoGo trials. Variation 

in the final trial numbers due to stimulus 

randomization and artifact rejection procedures 

did not result in less than 30 trials per 

participant.  

 Data Processing 

EEG data were collected using the ActiveTwo 

BioSemi system referenced online at the 

mastoid electrodes and offline as the average of 

all electrodes. A 0.1 Hz high-pass filter was 

used to decrease the influence of skin 

conductance on neural recordings. Independent 

component analysis (ICA) was then conducted 

to correct for eye-blink artifacts. Epochs of 

trials were taken from -200 ms to 800 ms with 

the stimulus presentation at zero. Artifact 

rejection criteria excluded trials with blinks 

within 200 ms of stimulus presentation and 

extreme values or flatlining EEG signals. 

Initial processing of ERP data in which mean 

amplitudes and N2 grand average components 

were averaged across NoGo trials and Go trials 

for each participant (see Figure 1). The N2 

waveforms revealed a P3 influencing the 

visibility of the anterior N2, thus a principal 

components analysis (PCA) was also run.  

Principal Components Analysis 

A two-step PCA was used to separate 

the waveform into factors and parse the N2 

Figure 1. Grand-averaged ERPs for Go and 

NoGo trials at FCz and Cz.  
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Figure 2. An N2 latent ERP candidate use 

found using temporospatial PCA.  
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from the P3 component. A temporal PCA using 

Promax rotation and Horn's parallel analysis 

found 18 factors accounting for 91% of the 

variance. A spatial PCA was then conducted 

using Infomax rotation on each factor. Horn's 

parallel analysis found three spatial factors for 

each of the 18 temporal factors accounting for 

77% of the variance. Based on peak latency, 

location, and modulation by stimuli, one factor 

at FCz with a peak latency of 443 ms was 

identified as a P3 candidate, and three factors 

were identified as candidates for the N2. The 

first factor was maximal at FCz and 118 ms, the 

second at Cz at 220 ms, and the third at Cz at 

289 ms. The N2 factor at 220 ms was chosen as 

the primary candidate due to latency and 

modulation with Go/NoGo stimuli (see Figure 

2.). All four candidate factor scores and 

loadings were rescaled to microvolts, and mean 

amplitude measurements were centered around 

the factor peak (Dien, 2012). 

Statistical Analysis 

Analysis was performed using the 

primary N2 factor candidate. A difference in 

mean amplitude was found by subtracting the 

NoGo trial mean amplitudes from the Go trial 

mean amplitudes. A moderation analysis was 

run in SPSS v.26 (IBM Corp., 2017) using 

10,000 sample bias-corrected bootstrapping. 

Difference wave amplitude representative of 

the N2 and emotion regulation scores were 

used to predict distress tolerance scores, and 

interactive effects were evaluated. A secondary 

moderation analysis was run using total scores 

on the attentional control scale, emotion 

regulation scores and interactive effects to 

predict distress tolerance scores. 

Results 

The model accounted for 40.6% of the 

variance in distress tolerance. Difficulties with 

emotion regulation (M = 38.85, SD = 14.39) 

significantly predicted distress tolerance (M = 

51.06, SD = 12.28), B = -0.56, p < .001, f2 = .67. 

The N2 indicated by the difference wave mean 

amplitude (M = -0.86, SD = 3.36) did not 

significantly predict distress tolerance, B = 

2.54, p = .069, f2 = 0.04. A significant 

interactive effect was not found, B = -0.06, p = 

.103, f2 = 0.03. A power analysis with .80 

power and the alpha level set at .05 using 

G*Power 3.1 (Erdfelder et al., 2009) found that 

55 participants would be required to find a 

medium effect size (Cohen’s f2 of 0.15).  

The secondary analysis model 

accounted for 42.3% of the variance in distress 

tolerance. Difficulties with emotion regulation 

(M = 41.91, SD = 12.92) significantly predicted 

distress tolerance (M = 47.69, SD = 12.80), B = 

-0.28, p = .011, f2 = .01. Attentional control (M 

= 27.24, SD = 6.40) significantly predicted 

distress tolerance, B = 0.64, p < .001, f2 = 0.01. 

A significant interactive effect was found, B = 

-0.01, p = .003, f2 = 0.01. Conditional effects 

were probed and effects were found to be 

significant (ps <.001) at low, medium, and high 

(16%, 50%, 84%) levels of attentional control 

with no significant transition points using the 

Johnson-Neyman method. 

Discussion  

This study proposed that cognitive 

control may moderate the relationship between 

emotion regulation and distress tolerance. 

Consistent with previous literature, emotion 

regulation was found to predict distress 

tolerance. This finding indicates the potential 

utility of emotion regulation as a target for 

distress tolerance training. Though the 

mechanism of this relationship is unknown, it 

is possible that decreased frequency of emotion 

regulation strategy use and lack of confidence 

in regulatory capabilities decreases an 

individual's perceived distress tolerance by 
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negatively impacting their coping self-efficacy 

(Kneeland et al., 2016). 

Cognitive control was not found to 

predict distress tolerance. Given the small 

effect sizes found, the study was likely too 

underpowered to detect an effect of cognitive 

control. The interactive effect also yielded a 

non-significant small effect size, likely due to 

the study being underpowered. Findings 

interpreted in light of the small effect size may 

indicate that the N2 influences distress 

tolerance. However, a larger sample size will 

be required to confirm the effects. 

Additionally, given the discrepancy in variance 

accounted for by emotion regulation and 

cognitive control, emotion regulation may be a 

more beneficial target for assessment and 

training in increasing distress tolerance.  

Both hot and cold cognitive control 

have been found to influence emotion 

regulation (Gutiérrez-Cobo et al., 2017; Hayes 

et al., 2010; Leshem & Yefet, 2019), but 

distress tolerance has received less attention. 

Future studies may wish to evaluate cold (i.e. 

non-emotive task) compared to hot (i.e. 

emotive task) cognitive control using tasks that 

incorporate emotional elements for predicting 

distress tolerance.  

Findings have demonstrated a means by 

which future research can more directly assess 

the effects of spaceflight on the integrity of 

cognitive-affective processing and provide a 

more informed picture of protective factors 

indicative of mission readiness. Further 

elucidating mechanistic processing related to 

crew mental health will continue to allow for 

the development and application of more 

robust tests of candidate suitability criteria and 

training protocols that will increase individual 

psychological well-being and team dynamics.  
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