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In this investigation we explored how two dimensions underlying current models
of psychopathology, threat sensitivity and executive cognitive processing, may
come together to influence downstream responses to social threat. Specifically,
we investigated how set-shifting ability influences responses to simulated peer-
rejection in high threat sensitive individuals (n = 66) selected from a larger sam-
ple. Our findings suggest the possibility of risk-reducing benefits imparted from
higher set-shifting and executive resources. In particular, we saw evidence of
greater approach-related behavior, including higher intensity positive emotional
expressions and a relative increase in the proportion of parasympathetic activity,
with higher set-shifting. Our findings join a small but growing body of research
examining how risks elevated by threat sensitivity may be mitigated by executive
cognitive processing.
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Threat sensitivity or the proneness toward hypervigilance and
avoidance of threat, anxiety, and related information processing
biases and response patterns has been consistently implicated in
models of risk for most emotion-related disorders. Indeed, some
dimensional models emphasize the key role of threat sensitivity
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(e.g., Beauchaine & Thayer, 2015) often indexed as the sensitivity
to the Behavioral Inhibition System, or elevated BIS (Carver &
White, 1994; Fowles, 1987; Gray, 1990, 1994). In particular, there
are many that argue that individuals scoring high on BIS are at
considerably greater risk for the most common disorders, in-
cluding depression, social anxiety, generalized anxiety disorder,
and PTSD. However, not all individuals who report high BIS go
on to develop disorders. Indeed, although high threat sensitivity
is clearly important in models of risk, what is less understood is
how it may be influenced or mitigated by other important fac-
tors. In this investigation, we build upon a developing line of
inguiry to examine how high BIS may be influenced by execu-
tive cognitive processing that is known to be relevant in adaptive
emotion regulation and behavioral responses (c.f., Schmeichel &
Tang, 2015). Specifically, we examine the influence of set-shifting
abﬂlty on responses in high threat-sensitive college students ex-
periencing online peer-rejection during a lab-based simulation.

THREAT SENSITIVITY AND THE BEHAVIORAL INHIBITION
SYSTEM

There is extensive literature characterizing the role of the Behav-
ioral Inhibifion System in the detection of threat, the avoidance
of threats (Bishop, Duncan, Brett, & Lawrence, 2004), as well as
the role of this system in causing inhibition of movement toward
goals (Carver & White, 1994) and elevated anxiety (Gray, 1994).
Largely measured by self report (e.g., BIS/BAS Scales; Carver &
White, 1994}, there is clear evidence that high BIS influences cog-
nifive processing, via selective attention for threats (Ohrmann
et al., 2007} as well the regulation of attention (Dennis & Chen,
2007a; Matthews & Mackintosh, 1998). Indeed, patterns of
heightened activation and attentional biases may contribute to
prolonged and poorly regulated negative emotions in high BIS
individuals (Balle, Tortella-Feliu, & Bornas, 2013) as well as, cor-
responding patterns of behavioral avoidance (Wyer & Calvini,
2011). As such, it is no surprise that elevated threat sensitivity or
high BIS is important in dimensional models of psychopathol-
OB}y

However, although individuals with heightened threat sensi-
tivity have relatively predictable early response and information
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processing biases to negative and/or ambiguous information,
variability in the corresponding emotion and behavioral re-
sponses that unfold over time is less well understood. For ex-
ample, although research has demonstrated that high BIS indi-
viduals show reliable attention-orienting biases to threats when
threat stimuli presentations are short, considerable variability is
evident when stimuli presentations are longer and this has yet
to be well-characterized (Shechner et al., 2013). Hence, it may
be that individual differences in executive cognitive resources
could be responsible for a re-orienting or regulation of attention
and emotion in order for some individuals to meet goals (Che-
valier, 2015). In particular, the capacity to shift mental set, may
facilitate other adaptive responses where exclusive attention to a
threat is not as needed.

EXECUTIVE COGNITIVE PROCESSES AND EMOTION
REGULATION

Increasingly there is evidence that executive or higher-order
cognitive control processes are strongly influential in emotion
processing and regulation. Indeed, dominant models of emotion
regulation as well as a growing body of evidence have made a
compelling case for common underlying circuitry and processes
that shape both cognitive control and emotion regulation and
related behaviors (c.f,, Dennis, 2010; Gray, 2004; Gray, Braver, &
Raichle, 2002; Hofmann, Ellard, & Siegle, 2012; Ochsner & Gross,
2005). In particular, a recent review of the literature suggested
that any of the following executive processes would be highly
relevant to adaptive emotion processing and regulation; these
include task or set-shifting, working memory, and response in-
hibition (c.f., Schmeichel & Tang, 2015). Set-shifting, or the abil-
ity to move between tasks, operations or mental sets, may be
particularly relevant to adaptive emotion processing (Gross &
Thompson, 2007) as it incorporates the neurocognitive domains
of attention and inhibitory control (Hofmarnn, Schmeichel, &
Baddeley, 2012) and would facilitate attentional shifts that could
dampen or enhance emotional responses in the service of broad-
er goals,
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Importantly, there is also a demonstrated association between
executive cognitive functions, such as set-shifting, and activity
in the parasympathetic nervous system (commonly indexed as
high-frequency heart rate variability, HF-HRV) a presumed in-
dicator of broad regulatory resources (Beauchaine, 2015; Bern-
tson et al.,, 1997; Thayer, Hansen, Saus-Rose, & Johnsen, 2009).
In particular, Thayer et al.’s (2009) model of Neurovisceral Inte-
rration describes a link between higher vagally-mediated HRV
(L.e., HF-HRV) and executive resources. Thayer argues that there
is considerable evidence of functional and structural links be-
tween pre-frontal brain structures (associated executive cogni-
tive processes) and parasympathetic activity. Indeed, HF-HRV
may serve as an index of specific executive cognitive functions
(Thayer et al., 2009, p.142) which, as described above, are con-
sidered core components of emotion regulation and behavioral
adaptation. Indeed, Thayer and colleagues review a broad range
of experimental research indicating bi-directional associations
between the regulation of autonomic, cognitive, and emotional
processes (2009).

More recently, there has also been evidence (and considerable
theory c.f., Porges, 2001) that HF-HRV enhancement within task,
may predict social-evaluative appraisals and behaviors that are
broadly adaptive and suggestive of an approach rather than
avoidance, behavioral orientation (e.g., Cundiff, Smith, Baron,
& Uchino, 2016; Pieritz, Sussenbach, Rief, & Euteneuer, 2016).
For example, HF-HRV enhancement is associated with challenge
(versus threat/avoidance) appraisals (Laborde, Lautenbach, and
Allen, 2015), as well as improved performance on emotionally
laden goal-directed tasks (e.g., face-matching: Gaebler, Daniels,
Lamke, Fydrich, & Walter, 2013) and greater use of explicit emo-
tion regulation strategies (Butler, Wilhelm & Gross, 2006).

Recently, there have been several studies suggesting that adults
who are high threat sensitive need to recruit greater cognitive
control resources to compensate for their increased emotional
reactivity (e.g., Derryberry & Reed, 2002). For example, Den-
nis and Chen (2007a) demonstrated a clear interaction between
threat sensitivity and attentional control, such that high threat
sensitive individuals with greater attentional control showed im-
proved executive attention performance following fearful faces,
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by achieving an optimal balance (Dennis & Chen 2007a, 2007h).
Indeed, this small body of evidence suggests the possibility that
high threat sensitive individuals could exhibit broadly adaptive
responses with greater executive cognitive resources.

CURRENT INVESTIGATION

In this investigation, we sought to explore whether high threat
sensitive individuals with greater executive resources would
demonstrate adaptive downstream emotional responses during
a naturalistic lab stressor. The majority of research examining
risk-related emotional processing in high threat sensitive indi-
viduals has largely depended on lab paradigms targeting early
prm:e%mg biases (see, Mathews & MacLeod, 2{}{]5} However, it
is possible that key variability in emotion processing may mani-
fest further downstream via compensatory actions that better
facilitate movement toward goals. Accordingly, we measured
emotion related behaviors during an adapted within-subjects
version of the Cyberball paradigm, a well-established elicitor
of rejection and/or ostracism related emotion and social threat
(Williams, 2007; Williams, Cheung, & Choi, 2000) in a selected
sample of high threat sensitive young adults also assessed for
executive cognitive functioning. High threat sensitivity is consis-
tently associated with response patterns indicative of avoidance
of threat. Given that participants each played multiple games

in which peer acceptance/rejection was systematically manipu-

lated, approach-related hehew iors would serve participants best
over the course of the task.

In order to detect approach-related responses consistent with
the broader social goals of the task, we indexed facial expres-
sions of positive emotion and high-frequency heart rate vari-
ability (HF-HRV) in real-time. There is compelling evidence sug-
gesting the role of unconscious positive emotion during social
rejection, and specifically in use with the cyberball-paradigm
(DeWall et al., 2011) perhaps because of its potential to implicitly
regulate negative emotional responses (Quirin, Bode, & Kuhl,
2011) as well as the demonstrated link between positive emo-
tional facial expressions and social connection (Keltner & Haidt,
2001). Indeed, there is a broad theoretical and empirical foun-
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dation supporting the critical role of positive emotional expres-
sions in adaptive social functioning and the building of social
relationships (Fredrickson, 1998) as well as approach behavior
(Burgdorf & Panksepp, 2006; Updegraff, Gable, & Taylor, 2004).
I addition, prior research and theory suggests that HE-HRV en-
hancement during the task could reflect adaptive appraisals (of
challenge and not threat) and approach related autonomic acti-
vation facilitating adaptive behavioral responses (Porges, 2001).
Accordingly, we included both absolute and normalized metrics
of HF-HRV so as to be able to examine the influence of execu-
tive resources on parasympathetic activity uniquely, as well as
in proportion to total autonomic activity.

When developing our hypotheses, we took into consider-
ation several factors relating to emotional responding in social
contexts in general and in this specific population. First, we
considered that the entire sample had relatively high levels of
threat sensitivity a consistent and reliable predictor of negative
emotional responses to both ambiguity and explicit threat. Ac-
cordingly, we did not anticipate that we would see any mean-
ingful variability in negative emotional responses. Second, we
were careful to index other key factors known to govern emo-
tfion responses, particularly in social contexts, in order to co-vary
possible alternatives for any findings. Specifically, we were con-
cerned with symptoms of depression, given the clear association
between depression and dampened emotion responsivity (Bysl-
ma, Morris, & Rottenberg, 2008) as well as social avoidance or
withdrawal (Hirschfeld et al, 2000). In addition, based on prior
research (e.g., Yanagisawa et al., 2011; c.f,, Gray, 2004), we antici-
pated that reward-responsivity would also be relevant in emo-
tion responses during Cyberball, as such we also included scores
irom reward-responsivity sub-scale of the Behavioral Activation
Scale (BAS; Carver & White, 1994). Finally, for the above reasons
and the possibility of confounds in emotion self-reports consis-
tent with elevated threat sensitivity (e.g., Aronson, Barrett, &
Quigley, 2006; Bolger & Zuckerman, 1995) we elected not to rely
solely on self-reported emotional experience. Moreover, we were
careful to index execultive resources (here set-shifting) in a sepa-
rate and emotionally neutral task, so as not to risk confounding
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participant performance on the executive task with reactivity to
emotional content (c.f., Yiend, 2009).

Although there is evidence of complex associations between
and among the study variables {e.g., Kok et al., 2013; Hansen,
Johnsen, & Thayer, 2003; Hansen, Johnsen, Sollers, Stenvik, &
Thayer, 2004), we focused here on the following two relatively
straightforward predictions:

HYPOTHESIS 1

Higher Sef-Shifting Ability Will Predict Greater Enhancement of
HF-HRV During Simulated Peer Rejection. We anticipated that in-
dividuals with greater executive cognitive resources would be
less likely to respond with a clear threat response pattern (typi-
cally evidenced as HF-HRV suppression; Thayer et al,, 2009} and
instead evidence an increase or enhancement of HE-HRV in task
consistent with a behavioral approach orientation.

HYPOTHESIS 2

Higher Set-Shifting Ability Will Predict Posttive Emotion Expres-
sions During Simulated Peer Rejection. We anticipated that indi-
viduals with greater executive cognitive resources would exhibit
greater positive emotional expressions (e.g., smiles) even during
rejection aiso consistent with an approach orientation

METHOD
PARTICIPANTS AND PROCEDURE

One hundred and thirty-one undergraduate students were re-
cruited for a brief study on "attention and emotion” in exchange
for course credit. Individuals scoring in the upper-half of the dis-
tribution for the Behavioral Inhibition Scale (BIS), a well-estab-
lished self-report indicator of threat sensitivity (Carver & White,
1994) were selected for this investigation. The larger sample
mean on the BIS was M = 2077, SD = 3.61 (¢ = 73). Individuals
were selected for this investigation based on scores in the up-
per 50th percentile of the BIS, and thus the mean was higher,
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M = 23.68, 50 = 1.91 (consistent with similar, selected high BIS
samples, Dennis & Chen, 2007a). The final selected sample (n
= bb, Mean age = 20.08, 5D = 4.64) was largely female (74%),
Caucasian (85%), Non-Hispanic (94%), and in their first (55%) or
second (26%) year of undergraduate study.

Following informed consent, all participants completed paper
(uestionnaires described below and then proceeded with the as-
sessment of set-shifting via the Wisconsin Card Sorting Task. Af-
ter that task was completed, participants commenced the Cyber-
ball task as described below. All participants completed the three
Cyberball games in the same sequence. The first, warm-up game
constituted the baseline and was followed by a game simulating
rejection and then a game simulating acceptance. All behavioral,
autonomic and emotion, measures were indexed for all parts of
the Cyberball game sequence so that there were scores for each
index for each game. All parts of this research were approved by
the university Institutional Review Board for research on human
subjects. Data from this project is publicly available at http://
personal.kent.edu/~kcoifman /resources.htm.!

QUESTIONNAIRE MEASURES

Behavioral Inhibition and Behavioval Activation Scales (BIS: BAS).
The BIS (Carver & White, 1994) is an established and well-val-
idated, self-report indicator of threat sensitivity. As described
above, individuals scoring in the upper half of the distribution
of the original sample were selected for this study. The BAS has
three sub-scales detailing key components of the behavioral ac-
tivation system (Carver & White, 1994). In this investigation we
focused on scores from the Reward Responsiveness sub-scale as
an important covariate, given the social nature of the primary
task of interest. Mean scores (final sample) were M = 18.38, 5D =
1.67 with acceptable internal consistency (o = .68). We did con-
sider using the summary BAS score as many researchers have
done, but there is evidence suggesting that the Reward Respon-
sivily Scale may operate uniquely (Carver and Harmon-Jones,

1. This research was not pre-registered, given its exploratory nalure.
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2009), and maintaining the subscales is consistent with current
research (Black et al., 2014). Moreover, we did rerun all analyses
using the summary scale and the effects were largely consistent.

Depression Symptoms, The Center for Epidemiologic Studies De-
pression Scale (CES-D) is a commonly used and well-validated
assessment of depressive symptomatology (Radloff, 1977). The
CES-D is comprised of 20 questions, with responses indicated on
a three-point Likert scale. Mean CES-D for our final sample was:
13.35 (SD = 8.50; ot = .89).

TASKS

Set-Shifting. The Wisconsin Card Sorting Task (WCST) is a
‘widely used assessment of set-shifting, requiring participants
to integrate environmental feedback and adapt in goal-relevant
ways to shifting contexts (Heaton, 2003; Grant & Berg, 1948). Ad-
ministered on a desktop computer, during the WCST, four key-
cards are displayed with varying shapes and colors. The objec-
tive is to match newly given cards to one of the four key cards ac-
cording to rules unknown to the participant. The matching rule
changes after every ten correct matches without informing the
participant of the change. Perseverative errors are the number of
mistakes made after each rule change, reflecting the participant’s
inability to disengage from matching choices consistent with the
previous rule. Non-perseverative errors include all other error
types (Barcelo & Knight, 2002). The percentage rather than an
uncorrected rate of error was used given that the number of rule
changes can vary by participant. Mean percentage of persevera-
tive errors in the final sample was: M = 9.53, 5D = 4.14 and per-
centage of non-perseverative errors was M = 11.30, 5D = 9.05, We
tested to see if handedness influenced the responses (i.e., 84% of
the sample was right-handed) and it had no impact.

Simulated Peer Rejection. Cyberball is a commonly used com-
puter paradigm designed and well-validated for the simulation
of social rejection (Williams et al., 2000; Williams & Jarvis, 2006).
In this adapted, within-subjects version of the paradigm, partici-
pants are each told that they will play a series of three-minute,
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ball-tossing games with three other students logged in at the
same time at other locations at the university. Several procedures
are included to facilitate this deception (e.g., creation of a player
profile with picture that matched those of other student players).
I reality, other students or players are simulated and all par-
ticipants experienced the same rate of rejection throughout the
task. Participants were also informed that during some games,
their performance (i.e., number of times they are thrown the
ball) would be evaluated by the experimenter, who stood behind
them keeping a tally of balls received in order to increase the
experience of threat. Each participant completed two “games”
that were each three minutes in length. The first was deemed
a warm-up game with no evaluation. After a brief break, par-
ticipants commenced a second game, the primary rejection ma-
nipulation that included evaluation (tallying the ball tosses to
the participant). Participants” experience was pre-programmed
so that the rate of rejection was: (1) No rejection—in the warm-
up game, participants received the ball 25% of the time (they
were one of four total players) and (2) High rejection—in the sec-
ond rejection game, participants received the ball 7% of the time
within the first 30 seconds of the game and no ball tosses for the
remaining 2.5 minutes. The within-subjects design in conjunc-
tion with a fixed order of presentation, allowed for the isolation
of responses to simulated rejection (versus the entire experi-
ence). Finally, all participants completed a third game to restore
positive mood in which participants all received the ball 50% of
the time. Debriefing, at the end of the lab session, confirmed that
participants consistently believed the deception.

IN-VIVO ASSESSMENT OF RESPONSES DURING SIMULATED
PEER REJECTION

High Frequency Heart Rate Variability (HF-HRV). Heart rate was
measured in real-time during all Cyberball games using the Po-
lar Watch RS800CX sd Heart Rate Monitor (HRM; sampling fre-
gquency of 1000 Hz), which has been validated as a reliable index
of heart rate (Gamelin, Berthoin, & Bosquet, 2006). The HRM data
were extracted using Polar Software and exported to a CSV file.
Kubios software (Version 2.1, Kuopio, Finland, 2012) was used
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TABI_E 1. Descrlptwe Sta.tlsiics for Behavioral Responses during the Cvberball Task

WarnhUp Game Rejection Game
M (5D Min/Max M (5D) Min/Max
Positive Facial Emotion 277 01.48) 1.0006,20 1.99 (1.3 1000600
Megative Facial Emotion T.H5 (0,57} 1.00¢3 .40 1.%6 (0.65] 1.0004.40
HF-HEY Absolute [msf) 1749,53 (1144.36) 116846010 T6E9.60 (1270.09) 2185664
HF-HEVW Marmalized {nu) 512901599 040087 .40 49.9017.22) 18020

to quantify HF-HRV (Fast Fourier Transform) in the frequency
domains (HF 0.15-0.4Hz and LF 0.04-0.15Hz) from R-R intervals
(Tarvainen, Niskanen, Lipponen, Ranta-Aho, & Karjalain, 2014)
per current recommendations (European Society of Cardiology,
1996). Artifacts were detected and removed using visual meth-
ods and the Kubios standard medium level of artifact correction
(Mean beats corrected per segment = 1.02 or 0.47%, SD = 1.98
beats or 0.91%). Data was lost for n = 4 participants because of
equipment malfunction and n = 2 participants because of experi-
menter error. Two additional participants were excluded due to
levels of HF-HRV between 4-8 standard deviations above the
sample mean and numerous artifacts across segments suggest-
ing invalid estimates.

Sample means for HE-HRV for all Cyberball segments in abso-
lute (ms®) and normalized units (n.u.) for the remaining sample
are reported in Table 1. Per current convention and recent rec-
ommendations (European Society of Cardiology, 1996; Laborde,
Mosley, & Thayer, 2017; Quintana, Alvares & Heathers, 2016},
we employed both indices so as to examine effects for HF-HRV
uniquely (absolute units) as well as HF-HRV in proportion to
total autonomic activity or spectral power (normalized units
encompass the influence of both high and low frequency HRV
excluding very low frequency—non-autonomic activity; Burr
2007). Ovcrall HEF-HRV estimates were high relative to adult
samples and norms (e.g., Nunan, Sandemck & Brodie, 2010)
which may be because of the younger age and potentially active
nature of college samples.

Coded Emotion Facial Behavior. Facial behavior was recorded us-
ing a high definition video camera. Following data collection,
five research assistants, blind to the study details, each rated re-
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cordings of participants (without sound) for facial behavior on
7-point Likert scales for degree of negative emotional behavior
and degree of positive emotional behavior for each Cyberball
game, following procedures previously established (Bonanno,
Papa, Lalande, Westphal, & Coifman, 2004). Coders were suf-
ficiently reliable (average ICC = .75; range .60-.88). However, all
ratings were averaged across coders, so that each participant re-
ceived aggregate scores 1‘eflecting facial emotion ( positive; nega-
tive) for each game as rated by all coders, thereby increasing reli-
ability further. Data was lost for n = 8 participants because of a
mix of experimenter (e.g., failure to focus camera) and technical
errors (e.g., participant’s face shifted out of view; camera mal-
function). Mean coded negative and positive facial emotion for
the remaining sample, n = 58 is reported in Table 1.

Self-Reported Emotional Experience. Although we did not plan to
rely on reported experience, we did assess participants’ self-re-
port responses to the task both to confirm the manipulation and
to explore similar associations as our hypotheses would suggest.
Accordingly, after each game of Cyberball, participants rated the
following emotion-words on a 7-point Likert scale: Interest, Fear,
Relief, Sadness, Enjoyment, Distress, Guilt, Happiness, Anger,
Amusement, and Disgust, selected from contemporary circum-
plex models of affect (e.g., Rafaeli, Rogers, & Revelle, 2007) and
used reliably in prior research (e.g., Coifman & Bonanno, 2010).
The emotion-words of Distress, Fear, Guilt, Sadness, and [is-
gust were aggregated together to derive mean scores for nega-
tive affect and Interest, Enjoyment, Happiness, and Amusement
for positive affect. Mean levels of reported emotion during the
warm-up game were, Negative Affect M = 1.17, 5D = 362 (o =
54) and Positive Affect M = 3.05, 51 = 1.45 (o = .91). Mean levels
of reported emotion during the rejection game were, Negative
Affect M = 1.22, 5D = 56 (o = .86) and Positive Affect M = 2.33,
SD =118 (o = .90).

2. The internal consistency was low for the warm-up game which, although
highly consistent with typical lower reliability often found in baseline affect reports,
dermanded additional examination. It appeared as though the term Disgust was not
reported at all by most participants and contributed (o the low alpha. However, because
disgust was well-integrated in the rejection game assessment, we felt it important to
keep it in overall.
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RESULTS
MANIPULATION CHECK

To confirm that the Cyberball games were effective in influ-
encing in-vivo emotion responding across the sample, we per-
formed within-subject paired tests. We expected, given the social
threat of the rejection trial and the sensitivity of this sample to
threat, that there would be changes in emotion consistent with
prior use of this paradigm. The results were as expected, indicat-
ing a sample-wide decrease in coded positive emotional expres-
sions from the neutral (warm-up) to the rejection games as the
social-threat intensified, t(57) = 4.48, p < .001, 95%CI: 0.43, 1.11,
and the same pattern was evident for self-reported positive emo-
tion #H{64) = 8.11, p < .001, 95%CI: 0.54, 0.89. Although, there were
no significant differences in negative emotion across the first two
games. This was not entirely surprising given the ambiguity of
the first game and the explicit threat of the second game. How-
ever, there was a significant drop in reported negative affect after
the third and final, acceptance as the social threat was no longer
present H(65) = 2.97, p =.004, 95%CI: 0.07, 0.33.

Zero-Order Correlations. We examined associations between all
key variables using zerc-order correlations (see Table 2). The re-
sults suggested some expected associations across emotion re-
sponse index (i.e., higher negative facial emotion was associated
with lower positive facial emotion during rejection, r = =31, p <
.05). Moreover, consistent with theory, lower perseverative errors
(i.e., higher set-shifting) was associated with higher HF-HRVnu
during the “warm-up game” r = .26, p < .05, and during the re-
jection “game” r = —.41, p < .01. However, this same association
was not present for HF-HRVms®.

PRIMARY ANALYSIS

Data Analytic Strategy. We first examined all key variables re-
garding conventions and assumptions in linear analysis. There
was no evidence of any violations including, violations of the
assumption of normality. In all analyses, we were guided by the
statistical convention of p < .05 for significance in all analyses. To
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test our two hypotheses we employed step-wise ordinary least
squares (OLS) regression. In each analyses, one emotion process-
ing / response variable (e.g., HF-HRVnu or ms? or positive coded
emotion facial behavior) indexed during the rejection game was
the dependent variable and the matching emotion processing/
response indexed in the warm-up game was entered as a control
in order to isolate only those particular responses elicited during
the rejection game. The primary independent variable was per-
centage of perseverative errors in the WCST as the index of set-
shifting (percentage rather than an uncorrected score was used
given that the number of rule changes can vary by participant).
We also included percentage of non-perseverative errors, to con-
trol for general error-making, and controlled for other variables
known to influence real-time assessment of emotion, including
age (Charles & Carstensen, 2010) and gender (Kring & Gordan,
1998). Moreover, given the potential for depression symptoms to
influence not only negative but also positive emotional respon-
sivity, we co-varied reported depression symptoms. Finally, giv-
en the social context of the task and the link between BAS reward
responsivity and emotion in social contexts (e.g., Yanagisawa et
al., 2011) we also included the BAS reward responsivity subscale.

HYPOTHESIS TESTING

HYPOTHESIS 1

Higher Set-Shifting Ability Will Predict Greater Enhancement of
HF-HRV During Stmulated Peer Rejection. In this analysis, HF-
HRVnu or ms® during the rejection game was the dependent
variable and we included HF-HRV nu or ms?® in the “warm-up
game” as a predictor and all covariates described above. For the
examination of HF-HRVnu, which estimates the proportion of
HF-HRV relative to all cardiac autonomic modulation, the fi-
nal model was significant, F(7,49) = 10.41, p < .001, R? = .60, and
as predicted, lower perseverative errors predicted higher HF-
HRVnu during rejection, = =38, p = .01, sr* = .06, above and be-
vond warm-up levels of HF-HRVnu. We examined the data fur-
ther to confirm that the results of this association were indicative
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of enhanced HI-HRVnu, rather than an absence of suppression.
An examination of mean levels, by employing a median split of
set-shifting perseverative errors, suggested that HF-HRVnu was
enhanced for individuals with higher set-shifting ability from
the warm-up game M = 54.61, 5D = 16.35 to the Rejection game
M=5607, 5D =17.00, as compared to M = 49.86, 5D = 1441, to M
= 45.80, 512 =17.97 tor individuals with lower set-shifting ability.
For the examination of HE-HRV ms?, which is an estimate of the
absolute levels of HF-HRYV, the final model was also significant,
F(7,50) = 14.60, p < .001, R? = .67. However, perseverative errors
did not reach significance when predicting HF-HRV ms* during
rejection, f = <15, p = n.s. (for a complete summary, see Table 3).

HYPOTHESIS 2

Higher Set-Shifting Ability Will Predict Positive Emotion Expres-
sions During Simulated Peer Rejection. Here, coded positive facial
emotion during the rejection game was the dependent variable
and we included coded positive facial emotion in the warm-up
game as a predictor and all covariates described above. Again
the final model was significant, F(7,50) = 7.14, p < .001, R’ = .50,
and as predicted, lower perseverative errors predicted higher
coded positive facial emotion during rejection, § = -.37, p = .01,
517 = .07, above and beyond warm-up levels of coded positive fa-
cial emotion (for a complete summary see Table 4). Interestingly,
both age and gender remained significant predictors in the final
step, suggesting that being male, f = .35, p < .01, s+ = .11, and
of older age, B = .23, p = .04, s1* = .05, were also associated with
higher positive facial behavior. We probed these relationships
carefully given the relatively small proportion of males in the
sample and confirmed that there were no outliers that were driv-
ing the overall relationships. Moreover, there were only weak
differences by gender (p < .08) in positive facial emotion (higher
for males) and negative facial emotion (lower for males) and no
differences in perseverative or non-perseverative error rates. Fi-
nally, we examined the data further while employing a median
split of set-shifting perseverative errors. We found that posi-
live emotional expressions were better maintained (rather than
enhanced) for individuals with higher set-shifting ability (e.g.,
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lower perseverative errors) from the warm-up game M = 3.19,
5D = 1.50 to the Rejection game M = 2.42, SD = 1.65 as compared
toM=277,5D =151, to M = 1.87, 5D = 1.17 for individuals with
lower set-shifting ability.

Although these were the primary analyses, we did explore
whether reported positive affect demonstrated a similar as-
sociation as coded behavior (see supplemental tables for a full
summary ). We ran the same analysis inserting reported positive
emotional experiences (to the rejection game as the dependent
variable, controlling for warm-up game levels), although the
complete model was significant, F(7,57) = 33.13, p < .001, R’ = .80,
perseverative errors had no significant association with reported
positive emotional experiences during the rejection game (see
Table 51). Next we examined negative emotional responses and
as expected, we did not find a significant influence of persevera-
tive errors on negative emotional responses. In the first regres-
sion coded negative facial emotion during the rejection game
was the dependent variable and we controlled for coded nega-
tive facial emotion in the warm-up game and included all co-
variates described above. Again the final model was significant,
F(7,50) = 4.63, p < .001, R* = .39, however, perseverative errors
was not associated with coded negative facial emotion during
rejection (see Table 52). When we ran the same analysis inserting
reported negative emotional experiences (to the rejection game
as the dependent variable, controlling for warm-up game lev-
els), the complete model was significant, F(7,57) = 3.40, p < .01,
R? = .29, perseverative errors had no significant association with
reported negative emotional experiences during the rejection
game although both higher depression symptoms, f§ = .25, p <
05, s = .05, and higher BAS Reward responsiveness, B = .29, p <
.05, sr* =07, did predict higher reported negative emotion during
rejection (see Table 53).

DISCUSSION

In this investigation, we sought to examine how executive re-
sources may influence emotion responses in high threat sensi-
tive individuals during a naturalistic social threat paradigm in-
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TABLE 4. OLS Regression Analysis Examining the Association between Higher Set-Shifting
Ability and Positive Facial Emotion During Simulated Peer-Rejection, in High Threai-
EEn.&ltwlt}' Individuals

Dependent Variable Fa;lhw Facial Emaotion Dusring Peer Rejection

o 05, a0l [ f s’ R AR
Step 1 Age A4 1.07 2 A5 —
S o L -2.70 A2

Lhepression =16 -1.16 2

Reward Responsivenass - .63 m

Fis, 531 = 238, p = 06

slep 2 Ape A5 136 ax A2 27
Sex — 30 -2.7H 09
[Tepressicn -.07 ~i161 A0
Reveard Responsivenass 7 (.57 a0
Warin-up Game Positive Facial Emaotion % R 4.94 27

F5,52) =764, p =< 001

Slep 3 Ape 23 24 5 a0 il
Sex =35 -3.34 1
Lleprassion ~413 —0.42 A
Fenvard Respuonsiveness -2 =015 A0
Warm-up Game Positive Facial Emotion gt 4,62 g
Percent Perseverative Errors -.37 -2,69 07
Percent Mon-Perseverativee Ernors g6 147 R3]

FFal =714, p <001

volving the simulation of peer-rejection. Specifically, in a sample
with elevated scores on the BIS, we examined how set-shifting
performance during a neutral, unrelated task predicted real-time
behavioral responses elicited during an adapted within-subjects
version of the Cyberball paradigm (Williams et al., 2000). The re-
sults suggested emotion-related benefits associated with higher
set-shifting (i.e., lower perseverative errors) during the rejection
game of Lyberball Specifically, higher set shifting was associ-
ated with greater approach-related behavior operationalized as
greater coded facial expressions of positive emotion and sug-
gested an enhanced proportion of HF-HRV (relative to all car-
diac autonomic modulation) during the rejection game. As we
anticipated, given the nature of the sample, we did not find evi-
dence of meaningful variability in negative facial emotion that
was related to set-shifting. Overall these findings are consistent
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with a growing literature demonstrating overlap between execu-
tive cognitive resources, broader regulatory resources, as well as
adaptive emotion regulatory responses. Notably, these findings
are also the first to demonstrate how downstream behaviors are
impacted by both elevated threat sensitivity and elevated execu-
tive resources, and they join the growing literature examining
the complex balance between these processes (e.g., Dennis &
Chen, 2007a; Derryberry & Reed, 2002).

The main finding that higher set shifting ability predicted
greater positive facial emotion is a powerful indicator that ex-
ecutive resources may mitigate risks associated with elevated
threat sensitivity. There has been consistent evidence linking
positive emotion with physical and psychological health for de-
cades (e.g., Pressman & Cohen, 2005). Indeed, recent work has
demonstrated that low positive emotionality is a key predictor
of the onset of affective disorders up to 10 years in the future
(Kendall et al., 2015). Moreover, the adaptive function of posi-
tive emotional expressions in social contexts is well-established
(Fredrickson, 1998; Keltner & Haidt, 2001). Given the socially-
threatening nature of the Cyberball task used here, including
in particular the within-subjects design that included multiple
games, the demand on participants to continue to engage with
others was clear. Hence, the ability to maintain social approach
responses (i.e., positive emotional facial expressions) suggests an
important pathway by which high BIS individuals could remain
psvchology healthy,

Although we did not find clear evidence of absolute HF-HRV
enhancement, the association between set-shifting and an in-
crease in the proportion of HF-HRV (nu), relative to total cardiac
autonomic modulation, should not be dismissed. There is a vast
literature focused on the role of balance in the autonomic ner-
vous system in physical health. Our data suggest that higher set-
shifting was associated with an increase in the proportion of to-
tal cardiac autonomic modulation that was para-sympathetically
driven, consistent with a model of approach-related responding
and adaptive appraisal. However, it is notable that the relative
increase HF-HRVnu from the neutral to the rejection game could
also be due, in part, to a decrease in sympathetic activity. Nor-
malized indices of HF-HRV represent the proportion of HF to



502 COIFMAN ET AL.

all cardiac autonomic activity. This includes low frequency (LF)
modulation which is influenced by both parasympathetic and
sympathetic activity. Accordingly, although we believe these
findings important, they demand explicit replication involving
the additional assessment of sympathetic activity. However, that
there was such a discrepancy in our HF-HRV results, suggests
caution and a clear need for future research.

It is notable that when positive emotions are examined on
more objective indicators (e.g., facial behavior; unconscious ap-
praisals), the results may be even more compelling than when
reliance is exclusively on self-report, as was the case here (e.g.
Papa & Bonanno, 2008). This may be due to the vulnerability
of self-reports to numerous, complex influences that have been
well-documented (e.g., demand characteristics, dispositional
differences, environment, memory) as compared to more objec-
tive indices (e.g., behavior; autonomic activity), as well as the
likelihood that much of in-the-moment emotion responding is
outside of awareness (Bargh & Williams, 2007). Participants in
our study reported consistently that they believed they were ac-
tually playing with peers at other locations in the university. As
such, there was a possibility of reward from increased positive
emotional expressions (L.e., more ball tosses from other players).
I'rior research using this paradigm has demonstrated convinc-
ingly that non-conscious positive emotion is present and highly
relevant to adaptive responses (DeWall et al,, 2011). Our find-
ing of increased positive emotional expressions, but not posi-
tive emotion reports, relating to set-shifting could indicate that
participants were benefitting yet presumably unaware of these
pProcesses.

We did not expect and did not find evidence of meaningful vari-
ability in negative emotional responses (both facial and reported)
in high threat-sensitive individuals in relation to set-shifting abil-
ity during rejection. We believe this was likely the case because
the entire sample was selected for their high scores on the BIS.
However, there may also be more subtle reasons. Unlike positive
emotions, which are consistently and uniformly associated with
approach-related behavior, only some negative emotions are
clearly tied to avoidance (i.e., fear, disgust) whereas, other nega-
tive emotions have more mixed associations. For example, sad-
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ness is generally associated with withdrawal, evidence for guilt
is mixed, and anger is convincingly associated with approach,
rather than withdrawal (Carver & Harmon-Jones, 2009). Accord-
ingly, neither of our negative emotion indicators were parsed in
such a way as to test this effectively, and therefore the null find-
ings here could also indicate a lack of sensitivity to the relevant
constructs as they manifest in negative emotional responses,

Finally, a strength of this investigation was that we were also
able to consider two plausible alternative explanations to our
findings. In particular, we evaluated the role of depression symp-
toms and reward responsivity (i.e.,, BAS) in emotional process-
ing and responses to simulated peer-rejection. Overall, we found
that neither construct influenced the main study findings. How-
ever, both were important in other ways. Indeed, both higher
scores on the BAS reward responsiveness and higher depression
symptoms were associated with higher reported negative emo-
tion during rejection, even when controlling for warm-up game
levels of reported negative emotion. These results are certainly
consistent with interpersonal models of depression (Coyne, 1976;
Gotlib & Hammen, 1992) as well as models of the behavioral ap-
proach system (Carver & White, 1994) and evidence linking the
two (Beevers & Mever, 2002).

LIMITATIONS

There were some limitations to this investigation. First, this was
an exploration of phenomenon in a college sample pre-selected
to have a particular behavioral orientation and level of risk. We
would argue that this was essential in order to be able to explore
how executive cognitive processes could result in more adaptive
responses and potentially mitigate risk. Moreover, we believe
our lab-simulation was an important first step as it emploved a
paradigm that has been well-tested and proven to elicit salient
emotional responses in a pre-selected sample well-established
to have greater risk for disease and greater difficulty processing
emotional content. In addition, we were able to index objectively,
real-time emotion processing and responses that have been pre-
viously tied to long-term psvchological health. Yet it is clear that
future work must further examine the interaction of these pro-
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cesses as they unfold over time. Moreover, these findings must
be replicated in a larger more diverse sample in order to know
the extent to which they are at play in psychological health.

In addition, our assessment of set-shifting was only in a neu-
tral context and some evidence has indicated that disentangling
the contributions of specific executive processes may require
careful assessment of these processes in emotional contexts (see,
Yiend, 2009). Moreover, we only indexed one type of executive
cognitive processing and there are others known to be relevant
to emotion regulatory processes (i.e., working memory, inhibi-
tion). Despite this limitation, we did find clear evidence of mean-
ingful benefits to higher set-shifting ability which supports our
future work examining these processes across the spectrum of
execulive cognitive processing. Finally, we were unable to index
respiration rate directly due to our use of Polar Heart Rate Moni-
tors. Although we could have employed paced respiration meth-
ods, it would have detracted from the emotion elicitation and
interfered with task demands. Recently, there has been a call to
consider the role of respiration in estimates of HF-HRV and this
will be important in future research.

CLINICAL IMPLICATIONS

Increasingly, there is a research emphasis on identifying core di-
mensions underlying models of psychopathology and psychiat-
ric risk. Here we examined how two such dimensions, threat sen-
sitivity and executive cognitive processing, may come together to
influence downstream emotional responses and processes. Our
findings suggest the possibility of risk-reducing benefits impart-
ed from higher set-shifting in at-risk, high threat sensitive partic-
ipants. In particular, we saw greater positive facial emotion with
higher set-shifting and some evidence of HF-HRV enhancement,
both presumed indicators of psychological health and resilience.
Indeed, our findings join a small but growing body of research
examining how risks elevated by threat sensitivity may be miti-
gated by executive cognitive processing. Accordingly, these data
provide an interesting frame for the development of new inter-
ventions. Although there has been a surge of treatments attempt-
ing to mitigate early attentional biases that are known to be both
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predicted by high BIS (e.g., Hakamata et al., 2010}, our findings
may suggest that attention to shifting later-stage or downstream
processing could also be beneficial.

CONCLUSION

This research is the first to suggest the adaptive influence of the
balance of higher executive cognitive resources with high BIS on
down-stream emotion during a naturalistic lab-based provoca-
tion. Indeed, this research suggests a path by which high BIS
individuals may maintain psychological health. Indeed, increas-
ingly there is evidence and theory arguing for models of disease
that consider the potential imbalance of top down resources with
bottom-up activation (see Ochsner & Gross, 2005). We believe
that these data contribute to the development of more complex
models of psychiatric risk and health, as well as provide a foun-
dation for future studies examining the complex relationships
between these processes over time.
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SUPPLEMENTAL MATERIALS

TABLE 51. OLS Regression Analysis Examining the Association between Higher Set-
Shifting Ability and REPORTED Positive Emotional Experiences During Simulated Peer-
Rejection, in High Threat-Sensitivity Individuals

Drependent Variable Fositive Emotional Experiences During Peer Rejection
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TABLE 52, OLS Regression Analysis Examining the Association between Higher Set-
Shifting Ability and CODED Megative Facial Emotion During Simulated Peer-Rejection,
in High Threat-Sensitivity Individuals
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TABLE 53, OLS Regression Analysis Examining the Association between Higher Set-
Shifting Ability and REPORTED Negative Emotion Experience During Simulated Peer-
Rejection, in High Threai-Sensitivity Individuals
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