Accepted for publication in Cognitive, Affective, and Behavioral Neuroscience

*Note: This is an uncorrected version of an author's mauscript accepted for
publication.*Copyediting, typesetting, and review 6 the resulting proofs will be
undertaken on this manuscript before final publicaton. During production and pre-
press, errors may be discovered that could affeche content.

RUNNING TITLE: The regulation of positive and negative social feedback

The regulation of positive and negative social feback: A psychophysiological study

Marie-Anne Vanderhasse]tJonathan Remye&kwun Kei Ng, Sven C. Mueller& Rudi De
Raedt

(1) Department of Experimental Clinical and Health P®jogy, Ghent University, Henri
Dunantlaan 2, 9000 Ghent, Belgium.

(2) Department of Psychology, National Universifyssngapore, 9 Arts Link, Singapore
117570, Singapore.

* Corresponding Author

Marie-Anne Vanderhasselt, Ph. D., Department ofdfxpental Clinical and Health
Psychology, Ghent University. Henri Dunantlaan B0 Gent, Belgium. Tel: 001 9 264 64
70; Fax: 001 9 264 64 87. EmailarieAnne.Vanderhasselt@Ugent.be

Total number of words (abstract, references, tableand figures not included): 5845



Abstract

Everyday social evaluations are psychologicallyepbtand trigger self-reflective thoughts
and feelings. The present study sought to exanfiagpsychophysiological impact of such
evaluations using eye tracking, pupillometry, arehrrate variability. Fifty-nine healthy
adult volunteers received rigged social feedbadltigicm and praise) based on their
photograph. Gaze data were collected to Iinvestigapt®cesses of attentional
deployment/allocation toward the self or the eveduaxpressing criticism or praise. Whereas
voluntary attention was directed to evaluators \eRpressed praise, attention was drawn to
one’s own picture after criticism. Pupil dilatiomda heart-rate variability were larger in
response to criticism as compared to praise, stiggea flexible and adaptive emotion
regulatory effort in response to social informatitdmat triggers an affective response.
Altogether, healthy individuals recruited more riegory resources to cope with negative (as
compared to positive) social feedback, and thiegssing of social feedback was associated

with adjustments in self-focused attention.
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Introduction

In society, it is a fundamental human need to kgl and to be accepted by, the
people around us. This basic need drives sociatlihgnand the forming of attachments,
interactions, and relationships (Baumeister & Led895). As a consequence, being rejected,
excluded or criticized is a distressing experieacd activates self-conscious emotions (e.g.,
feeling hurt) and self-related thoughts. Fortunatélealthy individuals can regulate these
rejection-induced thoughts and feelings to prothaeir self-esteem and maintain emotional
well-being. On a theoretical level, Gross & Thomp$a007) postulated that individuals use
attentional deployment to direct attention towandsway from the emotion-eliciting aspects
of the situation. This way, attention allocatioroige of the first information processing steps
of how individuals handle or regulate the generatdd emotional responses in reaction to

distressing information and challenging contextefs & Thompson, 2007).

Measuring eye movements to track visual gaze isyarkethod for assessing visual
attention and attention allocation to affectivenstii. Interestingly, a relatively small number
of studies investigated attentional deployment esponse to social feedback. Within the
social (rejection) context, prior eye-tracking sasdhave mainly investigated averted/directed
eye gaze as a nonverbal form of ostracism (e.gthWsacco, Hugenberg, & Kipling, 2010)
or to emotional faces after (threat of) social egmn (e.g., De Wall, Maner, & Rouby, 2009).
Silk and colleagues (2012) investigated visual gahgring a naturalistic viewing condition
after being included or excluded from a chat gaspecifically focusing on the attentional
allocation towards self-relevant information. Howegvthese authors only examined visual
gazes towards the participant's own photograph andther person receiving opposite
feedback, whereas selective attention towards tio¢ograph of the evaluator who provided
the social feedback was not analyzed. Yet, theaiion of attention towards the evaluator vs.

the self following emotional stressors may inform the impact of social feedback on



information processes supporting emotion regulati®cause (1) social rejection is known to
induce levels of negative affect (e.g., Leary, Ko&h Hechenbleikner, 2001; Blackhart,
Nelson, Knowles, & Baumeister, 2009), and (2) niegaaffect is associated with increased
self-focused thoughts and attention to negativieasglects (Mor & Winquist, 2002), negative
social feedback might increase attention allocat@mone’s own portrait photograph. On the
other hand, as positive social feedback inducegiyp®sffect (Blackhart et al., 2009), this
type of feedback could facilitate approach behavtbat motivate people to engage, explore
and interact with their environment in a variety wéys (Fredrickson, 1998). Therefore,
positive social feedback could be associated witénaon allocation towards the evaluator

providing feedback.

In line with the conceptualization of Gross & Thasop (2007) distinguishing
between attentional deployment and cognitive chgmgeesses in emotion regulation, we
used (a) gaze tracking to measure the attentioeglogment component of emotion
regulation, and (b) two physiological indices ofoefful regulatory responses following
socially-stressful stimuli. In this study, pupillation and heart-rate variability (HRV) are
assessed. Pupil dilation has been associated wiibti@al information processing and
arousal (e.g., Bradley, Miccoli, Escrig, & Lang, @), likely reflecting limbic reactivity (e.g.,
Siegle, Steinhauer, Thase, Stenger, Carter, 20@2jeS Steinhauer, Stenger, Konecky, &
Carter, 2003). Moreover, based on the link betweeousal and mental effort (van
Steenberghen & Band, 2013), pupillary activity bagn proposed as a physiological marker
of cognitive effort required to control (automatiejnotional responses, likely reflecting
activity in prefrontal regions (e.g., Urry et &006; van Reekum et al., 2007; Siegle et al.,
2003; Siegle, Steinhauer, Friedman, Thompson, &&ha011). Therefore, pupil dilation can
be considered an indicator of dynamic changes gmitwe-affective brain activity (Siegle et

al., 2003; Critchley, Tang, Glaser, Butterworth, Bolan, 2005; Urry, van Reekum,



Johnstone, & Davidson, 2009), likely reflecting thevel of central nervous processing

allocated to regulate emotional responses.

Heart-rate variability (HRV), another peripheral ypiological index of emotion
regulation, is an indirect measure of parasymptlfeagal) control over fluctuations in the
length of the interbeat interval (e.g., Park, Vaséan Bavel, & Thayer, 2014). HRV is
considered a physiological index of flexible adépta to environmental demands and
emotional situations, such as worry to emotion#n ficlips (e.g., Aldao, Mennin, &
McLaughlin, 2013). A number of studies have ideetif a positive association between
adaptive regulatory functioning (in contrast todighyper-vigilant responses) and (1) resting
(tonic) HRV (e.g., Woody, McGeary, & Gibb, 2014; ¥ et al., 2013; for a review see
Appelhans & Luecken, 2006) and (2) phasic HRV @ardiagal activity (the change from rest
to task) (for a review, see Thayer, Ahs, Fredriks®allers, & Wager, 2012). Even though
some inconsistencies exist (e.g., Rottenberg, 200@}a-analyses and systematic reviews
propose both higher tonic and phasic HRV to beyaiplogical marker of emotion regulation
and stress-adaptability (e.g., Park, 2014; Thayed.e2012; Thayer & Lane, 2000; Thayer,
Hansen, Saus-Rose, & Johnsen, 2009). Moreover,esiEpe brooding, a maladaptive
ruminative thinking style that plays a key rolele onset and maintenance of depression, has
been associated with lower tonic HRV (Woody et 2014). Similarly, HRV decreases in
response to stress and worry (Delaney & Brodie028@eper, Brosschot, van der Leeden, &

Thayer, 2007).

Thus, the present study examined complementaryhpgyysiological markers that
each inform about component processes of emotigalagon, including visual gaze (as a
measure of attentional deployment), pupil dilat{@s a measure of central nervous system
processing of cognitive-affective brain processing)d HRV (as a measure of flexible

adaptation to environmental stressors) to expldtial feedback. With regard to eye-



movements, we expect attention to be especiallyogied towards the self after receiving
negative social feedback (i.e., critique), but taigathe evaluator after receiving positive
social feedback (i.e., praise) (Mor & Winquist, 20@redrickson, 1998). With regard to pupil
dilation, we hypothesize greater dilation in resg@wmno negative as compared to positive
feedback (Silk et al., 2012). With regard to thedcec response, we predict increased HRV in
response to social feedback, with a specific iregem blocks receiving predominantly
negative (as compared to positive) social feedbgaken into account tonic HRV, e.g.,
Thayer & Lane, 2000; Thayer et al., 2009). We ekplspressive brooding, a maladaptive
form of emotion regulation, to be inversely cortethto HRV - controlled for the tonic HRV
at baseline - during the social feedback (Woodglet2014; Pieper et al., 2007). Because
rumination has been found to be positively assediatith gaze fixation and pupil dilation in
the processing of emotional material (e.g., Du@snchez, & Vazquez, 2014), we will also
explore the association between depressive broaaagboth of these latter physiological

indices.

Methods

Participants

Fifty-nine healthy undergraduates of Ghent UniugréllOM/49F, age range 17-36
years;M=19.65,SD=3.65) volunteered to participate for course credlit participants were
right-handed, with normal or corrected-normal usi@nd none reported current or past
history of neurological or psychiatric illness. Mower, exclusion criteria consisted of reports
of serious head injury or eye problems and visufficdlties not corrected by the use of

glasses or contact lenses. Participants were tedrun the context of a larger project



investigating other neurocognitive markers of emmtiregulation and self-este&mbut
participants were told this was a study on the kgreent of first impressions. All
participants provided written informed consent (pool approved by the local ethics

committee of Ghent University).
Protocol

Participants were told that this was a study ondéeelopment of first impressions.
The paradigm consisted of three phases. The firstphases could be performed at home
(communication via email)n the first phaseapproximately 2 weeks prior to the experiment,
participants were asked to send a portrait phoptgraf themselves to the researcher.
Participants were led to believe that their phapyrwould be sent to another participating
university, where a panel of undergraduates wowdfdsming first impressions of them
during this interim periodn the second phasafter receiving their portrait picture, we sent
them a series of 20 photographs of assumed pamitspfrom that other participating
university, and our participants were asked, basedheir first impression, to 1) indicate
whether they liked or disliked that person, andh&jcate in one or two words why they liked
or disliked that person (open question). Only iftiggpants completed the first two phases,
they were included in thinird and last phasef the task that was conducted in the lab. In the
last phase, all participants were tested indivigualt the start of the experiment, participants
were connected to the polar equipment (watch phasthrate monitor belt), and heart rate was
collected during the whole experiment. Participdillisd in the questionnaires on mood and
trait rumination, and were subsequently asked taxréor 20 minutes. Afterwards, we
repeated the cover story about the investigatiorfirgst impressions and then told the

participants we were going to inform them aboutfirst impressions provided by each of the

! The internal Shift Task, Implicit Association Taskid some other questionnaires (such as selfrgsteere measured as
well, but will not be reported in this manuscript.



other participating undergraduates: (1) whethey thiere liked or disliked by the others, and
(2) why this was the case as described by one oratljectives. We also told participants to
concentrate on the evaluations because this majptthem to answer questions afterwards to
increase our understanding on how people useifistessions to decide whether or not they
like someone. In reality, no social feedback wasvigled by other participants, but was
rigged and carefully chosen in a controlled fashi@ee description social feedback
paradigm). After the social feedback paradigm,ip@dnts were asked to report their current
mood state. Finally, participants were asked t¢ f@s15 minutes and were subsequently

asked to report their level of state ruminationimiyithe latter rest period.

After the experiment, participants were asked wdetkthey thought the first
impressions were natural, and whether they beli¢hredset-up. Thereatfter, participants were
debriefed about the real goal of this experiment the deceptive nature of the task was

discussed with them.

Social feedback paradigm

We developed a paradigm to provide explicit fee&baf other people about how
desirable or likable individuals are based on tpawmtograph. Facial stimuli were obtained by
taking photographs of volunteers between the agds8 @nd 30, after these volunteers had
given their written informed consent. Faces were mgtched to the participants’ age .6).
Half of the faces were male, half of the faces weraale. Everybody was asked to smile
when taking the photograph. Both genders provilecsame number of positive and negative
feedback, and were presented equally to the lefight side of the screen. The feedback
words were selected from a validated database ombles & De Houwer (1994), and
matched on familiarity and word length. Moreovearsitive (M=4.86,SD=2.66) and negative

(M=4.31, SD=2.25) words, for positive and negative social bk respectively, were



matched on arousgb£.37) based on the results of a small pilot stud2® random people on

our campus.

During the task, an experimental trial started wviitl presentation of a fixation point
(2000 ms) in the middle of the screen, and paditip were asked to focus on this point, or
return their gaze to this point when the facesppsared from the screen. Subsequently, the
face of the participant was presented together thighface of the evaluator (5.9 cm x 7.4 cm
each face). The location of these two smiling fa@gel or right) was counterbalanced, and
each trial contained a portrait photograph of &edent unfamiliar evaluator. Luminance and
the size of both photographs was corrected to ataime these over the different conditions.
After 3000 ms, the so-called first impression appeéador 6000 ms. This first impression
consisted of an ‘X’ (negative social feedback) bad+’ (positive social feedback) over the
photograph of the participant, together with onetwo words why the evaluator liked or

disliked the participant (depicted under the phapd of the participant, Figure 1).

The experimental task consisted of 4 blocks, eamftaining 18 trials (participants
completed 72 trials in total), with a short bre&tvireen the blocks. In two blocks, participants
received mainly positive social feedback (12 oul®ftrials), whereas mainly negative social
feedback (12 out of 18 trials) was presented inttbee remaining blocks. Blocks were semi-
counterbalanced: half of the participants startét & positive social feedback block and half
started with a negative social feedback block, &mel three subsequent blocks were

alternating (positive vs. negative social feedbaldcks).

Questionnaires

Rumination.

1) Trait rumination was assessed using the Ruminative Responses RR&l®;

Treynor, Gonzales, & Nolen-Hoeksema, 2003), whionststs of 22 items that describe



responses to a depressed mood that are focusée self, symptoms, or consequences of the
mood. A factor analysis of the RRS has identifiedegressive brooding subscale (5 items)
(Treynor et al., 2003). This subscale relates passive focus on one’s problems, negative
mood, and their consequences. The RRS can alssdiketa assess a measure of reflective
pondering, which is, compared to depressive brapdanmore adaptive form of rumination.
Higher scores indicate more rumination tenden@esause the subscales scores of the RRS

were not normally distributed (using the Shapirdi#/itest), they were log-transformed

(Ig10).

2) To obtaina state measure of ruminative thouglwiowing the social feedback
task, we used a questionnaire that measures momesel-reflective rumination (Mor,
Marchetti, & Koster, 2015). All six questions r&ab self-referent, ruminative thoughts as a
particular self-focus on feelings, reactions andsatons without immediate environmental
demands. The statements are not inherently negatigesitive, and are considered as a state
measure of ruminative thinking, e.g. “Right nowarh thinking about how happy or sad |
feel” and “Right now, | wonder why | react the wiago” (cf. Table supplementary material).
Participants were requested to indicate whether Were engaging in these thoughts during
the 10 minutes of rest. They were asked to respsimy a seven-point Likert scale ranging
from 1 (totally disagree) to 7 (totally agree) irder to measure the intensity of self-referent

thinking.

Mood measures In order to evaluate temporary changes in modore€T, ), versus
immediately after (Jos) the social feedback paradigm, mood ratings wdreigistered using
six visual analogue scales (VAS) providing measurédatigue, tension, anger, vigor,
depression and cheerful mood (McCormack et al. 19B&rticipants were asked to describe
how they felt ‘at that moment’ by indicating on hlmmntal 100 cm lines whether they

experienced the five above-mentioned mood statas, ftotally not’ to ‘very much’.



Eye tracker and HRV data acquisition

Participants were tested in a quiet laboratory withmed light. For the acquisition of
pupillary responses and eye movements, participsattomfortably approximately 75 cm
from the computer monitor (9.25% of visual anglelfoth pictures). Pupillary responses and
eye movements were recorded at 300Hz using aniaftraye tracker (Tobii-TX300, Tobii,
Danderyd, Sweden). Prior to the start of the tpskticipants’ gaze fixations were calibrated
using a standard 9 point calibration sequencedbagred all four corners and midpoints at
the top, middle and lower portion of the screemilary responses and eye movements were

recorded on a trial by trial basis.

Heart rate variability (HRV) was measured beatatbwith a telemetric heart rate
monitor (POLAR S810). HRV was measured during tlenZnutes of baseline {Jseine
participants were asked to relax), during the tharks of positive social feedback and the
two blocks of negative social feedback (each blasks about 4 minutes, HRV was calculated
over the two blocks with overall positive socia¢d@ack and over the two blocks with overall

negative social feedback), and during a 15 minptss paradigm rest period k.

Data analytic plan

Mood. A repeated measures MANOVA wilime (Tpre, Tpos) Was performed with the

different mood subscales as dependent variables.

Gaze data. Eye-tracking data were analyzed over the 6000 nrsogehat the
feedback was presented onscreen. Three areaseaésh{AOIs) were defined: photograph of
the self, photograph of the evaluator, and the ®xtincluding this last AOI in the analyses,
we controlled for gazes to look away from both tkelmes and the person that rejected them.

A fixation was defined as a condition in which tlegye remained stationary on a



predetermined AOI (evaluator, self, or text) fairae interval of 100 ms or more (Wadlinger
& lIsaacowitz, 2008). In line with recent researtte following dependent variables were
calculated (e.g., Duque et al., 2014): Hixation frequency. The number of times a
participant directs (re-directs) attention to atigatar AOI, and is an index of participant’s
scanning pattern and attentional shi2s.Fixation time (or dwell time). This is the total
duration (in ms) a participant has fixated withive tboundaries of a particular AOI during a
particular social feedback (positive or negativie)dependent of attentional shifts (e.g.,
number of fixations). The total fixation time foa@ AOI was generated by summing up
fixation times for each AOI for the positive andgaéve feedback trials. Because some
variables were not normally distributed (using 8teapiro-Wilks test), all variables were log-
transformed (Ig10). To control for multiple com@ams in the eyetracking indices, a 2 X 3
repeated measures MANOVA witfreedbackpositive, negative) AOI (evaluator, self, text)
as within factors was performed with both gaze dadias dependent variables. Significant

effects were followed up by pairédests (two tailed).

Pupillary responses.Individual data were first scanned for overalladguality. All
participants’ data contained more than 75% of valigbillary responses across the whole
experiment. Blinks, missing, and invalid data psinere first linearly interpolated using the
interpl function in Matlab (Matlab 7.11.0). The aatere then detrended (to remove slow
irrelevant drifts) with simple linear regressionthin each block. Pupillary responses for each
of the conditions of interest (positive and negatsocial feedback) were calculated by
subtracting the baseline pupil diameter (the fB&t timepoints (~165 ms)) from pupil
diameter during the trial at each of the conseeutiheasurement points during the epoch.
These differences were then averaged across andlscross participants, excluding trials for
which 50% or more of the pupil dilation data weressing. In both positive and negative

feedback conditions, all trials were retained iteast 90% of the participants. This resulted in



two waveforms, each for 8658ms (2600 timepointd)ictv represented averages over the
length of the trial from the onset of the facessprgation until almost the end of the
evaluation. The epochs were truncated at the endibthe late time frames that contained a

larger proportion of missing data.

Pupil analyses were conducted in Matlab by contrgstnean waveforms (positive
and negative feedback) at each timepoint alongvidneeform. Results report mean pupillary
response in significant windows. Significant windowf the pupillary response were detected
using permutation, paired-sample t-tests (e.g.ir BlaKarnisky, 1993; Maris & Oostenveld,
2007). In line with Silk et al., 2012, family-widgpe | error was controlled for by using
correction for multiple comparisons using the atughresholding method discussed in Maris
& Oostenveld (2007), using 10.000 permutation sas\ph selection criterion (the critical t-
value with degrees of freedom equal to 58 arat .05, two-tailed) was predefined to select
timepoints in each permutated sample, as well aghenoriginal sample. The t-values of
neighboring selected timepoints were then addedive t-sum (Blair & Karnisky, 1993),
which represented the t-value of this empiricaliyperated cluster. While there could be more
than one cluster in each permutated sample, oerlgltister with the largestsum(smallest if
t-sumwas negative) was recorded (Maris & Oostenveld720Thet-suns of the 10.000
clusters were then used to define the upper andrlovitical values so that the cluster lexel
was maintained at .05, two-tailed. The lower tadswequal to the ZSpercentile of the
negativet-suns, and the upper tail the 97.Bercentile of the positivesuns, respectively.
Finally, thet-suns of the clusters in the original sample were camgagainst these critical
values. Clusters wit-sumsnot bounded by the critical values were declar@dstiow
statistically significant differences between thaveforms of interest. The use of t-sum as
compared to other clustering statistics enabledtousake into account both the height

(magnitude of the t values) and extent (humberootiguous time points) as a ‘cluster mass’



(Pernet, Latinus, Nichols, & Rousselet, 2014). @ilesuch non-parametric permutation test
is data-driven implying that no ‘a priori’ definith of time windows is required; it also

accounts for the paired nature of the pupillaryadat

Heart Rate Variability (HRV). The heart rate data were first transmitted to a
personal computer, filtered for measurement errans| processed offline. Data were then
filtered using a moderate filter power and a mimmprotection zone of 6 beats per minute
(Cottyn, De Clerq, Pannier, Crombez, & Lenoir, 2008ter this step, the data were further
analyzed with software specifically designed fovatted HRV analysis including artifact
rejection at medium level (Kubios; Biosignal Anasysand Medical Imaging Group,
Department of Physics, University of Kuopio, Kuipkinland). HRV can be described either
by frequency or time domain indices. We used RMS8ie root mean square successive
difference of normal-to-normal intervals, in ms§ an index of HRV. RMSSD primarily
reflects parasympathetic outflow, and is one of tihee domain indices recommended for
mediated short-term changes in heart rate (Taskel-4996; Delaney & Brodie, 2000; Pieper

et al., 2007).

To account for heart rate adaptation and to rentbeetime that participants were
filling in the questionnaires, only the last 15 g8f) minutes of HRV measurement were taken
for creating the baseline {Feind. The data of one participant was not includetheanalyses
due to missing values. Given non-normality of HRatad distribution (Shapiro Wilk test),
these data were log-transformed. HRV between blatksocial feedback, as well as the

baseline and post period will be compared by péditedts (two tailed).

Correlation between different psychophysiological raasuresin order to
investigate whether and how the different psychspiggical measures are correlated to

each other, we performed Pearson correlations leettve three different



psychophysiological measures: Gaze indices (firdtiequency and fixation time), pupil
dilation (in response to positive and negative beett) and HRV (in blocks with overall

positive and blocks with overall negative feedback)

Rumination. Partial correlations were calculated to investigafgtential association
between HRV blocks of overall positive/blocks ofecall negative social feedback and
brooding scores, controlled for the effect of toHIRV (during baseline rest). Moreover, we
performed partial correlations for HRV during thestr period following the social feedback
paradigm (controlled for tonic HRV during the baselrest period) to depressive brooding
scores. Similar partial correlations were perfornfmdthe state rumination measure. Finally,
Pearson correlations for the association betweerination and pupil dilation/gaze data were

calculated.
Results

Overall, the cover story was well-believed as osiky (of 59) participants expressed
doubts at the end of the experiment. Analyses wWere with and without these participants,
but as the results remained similar, all participawere retained in the final analyges.
Similarly, because of the high proportion of femalarticipants in our sample (n=49),
analyses were performed with only female partidipancluded, but data again remained
similar. We thus included the whole sample in ttagistical analyses. Finally, given the large
age range of this sample (17-36 years old), it wessed whether age contributed to the
results. All findings remained significant when ages taken into account and thus this

variable will no longer be discussed.

Mood

? This corroborates with prior studies (e.qg., Sillakt2012), and with studies showing that beingjued by a computer
hurts as much as being excluded by real peopler¢Zetcal., 2004).



For the exact scores on the different VAS, we reééerTable 1. The MANOVA
revealed differences in mood before versus afeeistitial feedback paradigm indicating that
participants were feeling more fatigued(1,57F16,42, p<.001), being less vigorous
(F(1,57F7.60, p<.0l), being more tenseF(,57F20.07, p<.001) and depressed
(F(1,57F4.07,p<.05), and less cheerful (57)5.63,p=.02) after the experiment relative to
before the social manipulation. By comparison,éheere no differences in feelings of anger:

F(1,57).75,p=.39).

Gaze data

The multivariate test of the repeated measures M¥A@evealed a significant two-
way interaction betweeReedbackk AOI, F(4,54)=7.92 p<.001, partial eta squared=.37 (also
the main effect of AOI yielded a significant effe€{4,54)=16.53,p<.001). The univariate
follow-up revealed an interaction for the withinbgects variable§imex AOI for both gaze
indices, Fs>13.75,ps<.001, partial eta squared >.19 (Table 3). Pairexbts forfixation
frequencyrevealed that negative (as compared to positeejlack resulted in more fixations
on their own photograph(58)=5.37,p<.0001. Positive feedback (as compared to negative
feedback) resulted on more fixations on the phatoigrof the evaluatot(58)=3.45,p=.006.

No differences between negative and positive fegdlare observed for looking at the text,
p=.40. Paired-tests forfixation time (or dwell timejevealed that negative (as compared to
positive) feedback resulted in higher fixation tirna their own photograph(58)=5.50,
p<.0001. Positive feedback (as compared to negétweback) resulted in a higher fixation
time on the photograph of the evaluatf(§8)=3.93, p<.0001. No differences between
negative and positive feedback were observed fokitg at the textp=.89. A Bonferroni

correction for six comparisons over both gaze iesliwas applied for all significant effects.

Pupil size



The results of the permutatititest are shown in Figure 2. The pupil was signifiga
more dilated (as compared to baseline) when ppatnts received negative evaluations
(criticism) as compared to when they received pasevaluations (praise) indicating putative
self-regulatory mechanisms to negative social faeklbThis difference was evident between
3700-5500ms following the onset of the trial (.00 ms following the onset of the

feedback).

Heart Rate variability (HRV)

In line with prior research on tonic and phasic HRIARV during the baseline period
was positively correlated to HRV during blocks afcel feedback, as well as the post
measurements(58)>.58,ps<.0001 (Table 2). During the task, HRV (controlfedthe tonic
HRV by means of a delta score) was higher in tloekd with overall negative feedback as
compared to the blocks of overall positive feedh&)=2.76,p=.04. During the post rest
measurement, HRV (controlled for the HRV during tlest measurement at baseline by
means of a delta score) was larger as compareasiive feedback blocks(57)=6.39,
p<.001, and negative feedback block%7)=4.40,p<.01. A Bonferroni correction for five

comparisons for both feedback blocks was applied.

Correlation between different psychophysiological reasures

Pupil dilation scores (in the timeframe that diffetiated praise and criticism) were
not correlated with each of both gaze indiaes;.24,ps>.07, nor with phasic HRV during
blocks of overall criticism and blocks with overajme,rs<.08,ps>.56. On the other hand,
phasic HRV during blocks of overall criticism antbdks with overall praise correlated
positively with the fixation time and fixation fregncy towards the evaluator after receiving
positive feedback;s>.26,ps<.05, but these correlations would not survivedbeection for

multiple comparisons.



Rumination

Using partial correlations to control for tonic HRY baseline, the habitual tendency
for depressive brooding was inversely correlatedHRV during blocks receiving overall
negative social feedback58)=-.26,p=.05, blocks receiving overall positive social fbadk,
r(58)=-.30, p=.02, and during the post rest measuremer{&3)=-.32, p=.02. Moreover,
partial correlations (controlling for tonic HRV laaseline) were obtained for the state measure
of rumination: MRSI scores were inversely corredate the HRV during the post rest
measurement,(55)=-.32,p=.02, but not during the social feedback paradigg®,22,ps>.1.
Trait and state rumination were, on the other haoti correlated with either pupil dilation or

gaze data;s<.23,ps>.08.

Discussion

Social feedback (e.g., criticism and praise) ®igg self-reflective thoughts and
feelings that need to be regulated to prevent napli@ce emotional responses to occur. In the
current study, we used rigged social feedback sessspsychophysiological measures (visual
gaze, pupil dilation, and HRV) as a proxy of re¢ig responses to emotional information.
Reports of mood after (as compared to before) tiwmak feedback paradigm confirmed
increased emotional reactivity (feeling more faéigless vigorous, more depressed and less
cheerful, although also less tensed) in respongbetsocial feedback. Because participants
were not explicitly told about the main purpose tife study, we assessed the
spontaneous/intrinsic tendency of participantseigutate emotional responses triggered by

the social feedback.

A novel aspect of this study is the examinationgake patterns and attentional
deployment in social feedback. Consistent withexpectations (e.g., Mor & Winquist, 2002;

Fredrickson, 1998), attentional preference was istargly observed toward evaluators that



expressed positive social feedback (i.e., pralsaf),consistently toward one’s own personal
photograph after receiving negative social feedlqaek criticism). This pattern was present
across both indices of gaze patterns: fixationdesqy and fixation time (or dwell time). No
effects of social feedback were observed for fomtirequency or fixation time towards the
text, which shows that participants were not gdheravoiding attention towards the
photograph of the evaluator or their own photograhtogether, people show interest in the
person who likes them, and this is in-line with #reowledge that positive social feedback
drives and forms social bonding, attachments, acteons and relationships (Baumeister &
Leary, 1995). Negative feedback, on the other haedults in a heightened attention
allocation towards their own photograph, possildgaziated with a tendency of self-focused
attention to reflect upon traits, thoughts, andifgs (Mor & Winquist, 2002). Of note, prior
eye-tracking studies observed that (threat for)as@xclusion induced attentional preference
towards individuals in the environment; for exampdesmiling faces that signal a higher
likelihood of potential new affiliation (e.g., De &N, 2009), or to players that could
potentially reintegrate them in a “looking game’g(e Bockler, Homke, & Sebanz, 2014).
These results have been interpreted as a copingamisen aimed at restoring social status
after rejection (Vandellen et al., 2012). Howe\ary study is the first to compare attentional
deployment toward two smiling faces, one of theipg@ant him/her self and the other of the
person providing feedback. These attentional depéy processes inform about the focus of
the emotion regulatory effort in terms of the riglaal functions (rejection versus acceptance).
Moreover, these attentional deployment processebased on top-down mechanisms and not
on contextual features (e.g., facial expressiomd, thus provide a unique contribution to the

existing research on the theoretical frameworkned&on regulation.

Pupil dilation (as a measure of cognitive-affectivervous system processing) and

HRV (as a measure of flexible adaptation to envitental stressors) were assessed to index



emotion regulatory effort following socially-stréskstimuli. As expected (e.g. Silk et al.,
2012), pupillary responses were larger to inteqoesk negative as compared to positive
feedback and this effect lasted for about two sésoAs prior research has shown that the
pupillary response provides a summary measure ofaheactivation that reflects (1)
emotional reactivity in limbic regions (Siegle dt, 2003), or (2) activation in pre-frontal
regions implicated in emotion regulation (Siegleaét 2011). Moreover, Johnstone et al.
(2007) demonstrated that, in healthy controls, @notegulation effort was associated with
greater pupil dilation and decreased activationlimbic areas. Greater pupil dilation
(especially following negative social feedback) htighus reveal an adaptive regulation

towards emotional distress.

Regarding the cardiac response, larger HRV (batlt tand phasic) has been linked to
flexible and adaptive emotion regulation, while ®HRYV has been taken to reflect a rigid
and hyper-vigilant response to emotional distr&&®gschot, Van Dijk, & Thayer, 2007,
Thayer et al., 2012; Thayer & Lane, 2000; Thayealet2009). In the present study, HRV
was larger in blocks with overall negative feedbask compared to blocks with overall
positive feedback. Moreover, HRV was larger ‘dutriagd ‘after’ as compared to ‘before’
receiving social feedback. These HRV results suggjest social feedback provoked a
regulatory response to self-relevant informatioratthiriggers an affective response.
Interestingly, the more participants reported te dspressive brooding in daily life, the lower
HRV during blocks receiving overall positive andeoall negative social feedback. In other
words, depressive brooding - considered an inflexdand preservative cognitive style— is
associated with the flexibility in emotional resges required for both positive and negative
social feedback, possibly to prevent those respongebecome maladaptive or socially
inadequate. In addition, this inverse associatietwwben HRV and rumination also extended

to the rest period at the end of the study, bothife habitual tendency of depressive brooding



as well as for state rumination during the restqaerPrior research of Beevers, Ellis, & Reid
(2011) demonstrated that low HRV during a sad mpaxocation was associated with the
activation of dysfunctional attitudes following aessful situation, suggesting lower HRV a
physiological marker of cognitive reactivity andpdession vulnerability. All together, HRV

results suggest that healthy participants show resgthregulatory control when confronted
with both positive and negative emotionally-potatimuli, most likely because they are

flexibly and adaptively regulating their emotionigigered by environmental stressors.

Despite the interesting and novel findings, sometétions deserve discussion. First,
because we did not want to compromise on ecologaadity of receiving first impressions,
self-report measures of how participants felt dyirine social feedback paradigm were not
obtained (only before versus after the paradigmjis Tway, we have no subjective
information on the emotional reactivity specifigalto positive and negative feedback.
Nevertheless, our physiological measures of HRV angil dilation suggest increased
emotional reactivity during the social feedback $mpronounced after receiving negative
feedback) that possibly induced some self-regwapsocesses to cope with the feedback.
Second, participants may have reacted differemtipdgative social feedback based on the
attractiveness of the evaluator, as the attractiserof a face has been found to influence
neural activity in reward related regions (O’'Dolyest al., 2003). However, we did not obtain
such data and further studies should take thisabkiinto account. Lastly, the unbalanced
distribution of males and females challenges theeg#izability of the results to both
genders. Given the small number of males, the tesuight especially refer to female
participants given that the results remained stalllen analyses were re-run without the
males. Moreover, prior meta-analyses have docurdemtgrong relation between self-focus
and negative affect in female-dominated samplesr (81&Vinquist, 2002) and larger effect

sizes for changes in mood as a function of soaielusion for female participants (Blackhart



et al., 2009). Future research should aim to inyats the specificity of such effects across

genders.

To conclude, the current findings reveal that -healthy volunteers - the focus of
attention is associated with the type of feedbackreferential focus on the evaluator when
the feedback was positive (i.e., praise), but depeatial self-focus when the feedback was
negative (i.e., criticism). In addition, they diapllarger pupil dilation and HRV in response to
negative as compared to positive social feedbaoksiply reflecting enhanced regulatory

control to cope with emotionally potent events.
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(2000ms)

(3000ms)

Figure 1. Schematic overview of the social feedback paradigirst, a fixation cross was
presented in the centre of the screen (2000mdpwied by the presentation of the portrait
photograph of the participant together with thetpgoaph of the evaluator (each trial a new
evaluator, counterbalanced left/right location)teAf3000 ms, the so-called first impression
appeared for 6000 ms. This first impression coedisf an ‘X’ (dislike) or of a ‘+’ (like) over
the photograph of the participant, together witle on two words why the evaluator liked or
disliked the participant (depicted under the phoaph of the participant) (e.g., friendly;
selfish).



Grand Average Pupil Size during Face Presentation and Evaluation
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Figure 2.Time series of pupillary response. The figure shbaseline corrected pupillary responses
when the portrait photographs of the participart evaluator are presented and (period after dotted
vertical line) after social feedback was presentduk time window with significant differences
between pupillary responses when receiving posdiveegative evaluations, based on the
Permutatiort-test (3700 — 5500 ms), is highlighted in grey.



Table 1. VAS measures (cm) before (Tpre) and inatedgi(Tpost) the social feedback
paradigm

Tpre M (SD) Tpost M (SD)

Tired 4.71 (2.29) 5.52 (2.36)
Vigor 4.04 (2.14) 3.59 (1.83)
Anger 1.15 (1.47) 1.31 (1.72)
Tension 3.76 (2.48) 2.95 (2.17)
Depression 1.83 (2.16) 2.93 (2.38)
Cheerful 4.74 (1.93) 4.29 (1.84)

BOLD font, ps<.05



Table 2. Overview of mean and standard deviatiaim®MHRYV during social feedback
paradigm (highlighted in grey), together with therfmal correlation coefficients of the
habitual tendency of rumination during the differbfocks of HRV registration. Significant
correlations are marked with a *.
HRV Depressive State

brooding_] rumination

M=11.32, M=22.14
SD=2.90 SD=6.82
M SD
T baseline 152 .22 -.13 -.01
Blocks with 1.57 .22 -.29* -.17
overall positive
feedback
Blocks with 1.60 .25 -.25*% -.22
overall negative
feedback
T post 1.68 .22 -.31* -.31*

*Correlation coefficient is significant at the .08vel (two tailed). T baseline = 15 minutes
rest before the start of the experiment; T postniibutes rest at the end of the study. Of note,

the correlation with the subscale reflective poragof the RRS yielded no significant
results.



Table 3. Overview of mean and standard deviatiogyeftracking indices during social
feedback (positive and negative).

Positive social feedback (praise) Negative social feedback
(criticism)
evaluator self text evaluator self text
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
3.21 2.48 3.34 2.92 2.83 3.33

fixation frequency (1.25) (1.21) (1.74) (1.14) (1.25) (1.70)

1187.77 1072.17 1302.63 1038.02 1233.82 1345.24

fixation time (600.10) (622.60) (1019.71) (512.06) (615.35) (1019.40)



Supplementary material

Table 1. Questions from the Momentary RuminatiVief@aus Inventory(Mor et al., 2013)

Itemnr Sentence

1. Right now, | am conscious of my inner feelings.

2. Right now, | am reflective about my life.

3. Right now, | am aware of my innermost thoughts.

4, Right now, | am thinking about how happy or saddlf

5. Right now, | wonder why | react the way | do.

6. Right now, | am thinking about the possible mearahthe way | feel.



