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Abstract

Pursuing dating relationships is important for many people’s well-being, because it helps them fulfill the need for stable social
relationships. However, the neural underpinnings of decision-making processes during the pursuit of dating interactions are
unclear. In the present study, we used a novel online speed dating paradigm where participants (undergraduate students, N = 25,
aged 18-25 years, 52% female) received direct information about acceptance or rejection of their various speed dates. We
recorded EEG measurements during speed dating feedback anticipation and feedback processing stages to examine the stimulus
preceding negativity (SPN) and feedback-related brain activity (Reward Positivity, RewP, and theta oscillatory power). The
results indicated that the SPN was larger when participants anticipated interest versus disinterest from their speed dates. A larger
RewP was observed when participants received interest from their speed dates. Theta power was increased when participants
received rejection from their speed dates. This theta response could be source-localized to brain areas that overlap with the
physical pain matrix (anterior cingulate cortex, dorsolateral prefrontal cortex, and the supplementary motor area). This study
demonstrates that decision-making processes—as evident in a speed date experiment—are characterized by distinct neurophys-
iological responses during anticipating an evaluation and processing thereof. Our results corroborate the involvement of the SPN
in reward anticipation, RewP in reward processing and mid-frontal theta power in processing of negative social-evaluative
feedback. These findings contribute to a better understanding of the neurocognitive mechanisms implicated in
decision-making processes when pursuing dating relationships.
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The pursuit of dating relationships reflects a need for social
affiliation, serves as a secondary reward that provides subjec-
tive pleasure, and fulfills biologically related needs (Ait
Oumeziane et al., 2017). Neuroimaging evidence has shown
that people in intimate relationships activate the dopamine
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reward system (i.e., the ventral tegmental area and caudate
nucleus; Acevedo & Aron, 2014), which is associated with
physical health and psychological well-being (Acevedo &
Aron, 2014). Other studies have found that the breakup of
an intimate relationship can cause social pain, which activates
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brain areas that overlap with experiencing physical pain (dor-
sal anterior cingulate cortex [dACC]; dorsolateral prefrontal
cortex [dLPFC]; and anterior insula [AI]; Eisenberger, 2015;
Seminowicz & Moayedi, 2017). Rejection by a loved one is
commonly identified as a negative event that has profound
meaning, often accompanied by negative emotions, anxiety,
and depression, or even suicide or homicide (Fisher et al.,
2010; Joel et al., 2019; van der Veen et al., 2019).

Although some studies have investigated the neural re-
sponse to cues that either confirm an intimate relationship
(Acevedo et al., 2012; Aron et al., 2005) or communicate
romantic rejection (break-up; Fisher et al., 2010, Kross et al.,
2011), less attention has been directed to the neural correlates
of the pursuit of dating relationships—thus selecting potential
dates and awaiting feedback regarding a match or mismatch.
One of the challenges for this type of research is to simulate
real-world situations that assess the pursuit of dating relation-
ships in an ecologically valid way in a laboratory setting.
Recently, van der Veen et al. (2019) developed an online
dating task in which participants were presented with profiles
of individuals of the other sex. Participants were instructed to
decide whether these individuals were desirable or not. In a
subsequent EEG session, participants were again shown
photos of the same individuals, together with the participants’
evaluations of these individuals. The participants then re-
ceived feedback from the speed date that could result in a
match. That study found larger P3 responses when partici-
pants received positive versus negative evaluations from their
speed date, which was interpreted to reflect the processing of
the rewarding characteristics of romantic interest. Thus, the
above-cited study examined the neural correlates of process-
ing feedback from potential dates but did not examine the
neural correlates of participants’ motivation regarding their
decision-making during speed dating. In the current study,
we used a novel speed dating paradigm that allowed us to
examine (1) the speed dating decision-making stage, (2) the
speed dating feedback anticipation stage, and (3) the speed
dating feedback processing stage. Capitalizing on the high
temporal precision of the EEG technique, we focused on
event-related potentials that characterize anticipatory process-
es, as well as the processing of rewarding feedback as indexed
with Reward Positivity. We also used time-frequency analy-
ses to examine frequency-specific modulations in the EEG
during the feedback processing stage.

Previous studies have used the stimulus preceding negativ-
ity (SPN) to study anticipatory motivation. The SPN is a slow
negative potential that increases gradually before the feedback
stimulus (Van der Molen et al., 2014). The SPN was consid-
ered to be an indicator of affective or motivational valence
before giving action feedback (Bdcker et al., 2001;
Pornpattananangkul & Nusslock, 2015). A large body of stud-
ies revealed larger SPN amplitudes when anticipating reward
versus nonreward (Donkers et al., 2005; Foti & Hajcak, 2012;
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Pornpattananangkul & Nusslock, 2015). Because the SPN
reflects the anticipatory motivation before feedback
(Pornpattananangkul & Nusslock, 2015), the SPN would be
a feasible indicator to reveal differences in anticipatory moti-
vation between feedback from the various speed dates in our
current study.

During feedback processing, the event-related potential
displays a prominent deflection in the ERP at around 250—
350 ms that is sensitive to the valence of the feedback (such
as rewarding feedback). For example, feedback signaling re-
ward often is associated with a positive deflection, which has
been termed reward positivity (RewP) (Foti et al., 2011).
Previous studies have applied the RewP as a neural indicator
for reward processing to monetary and social rewarding feed-
back (Ethridge et al., 2017). Several studies also have found
that feedback signaling prediction errors (such as unexpected
negative or positive feedback) result in a negative deflection in
the ERP that co-occurs in the RewP time-window. This neg-
ative potential has been referred to as feedback-related nega-
tivity (FRN). According to reinforcement learning accounts,
the FRN reflects the computation of negative reward predic-
tion error (feedback is worse than expected) (Holroyd &
Coles, 2002; Nieuwenhuis et al., 2004), whereas other ac-
counts have found that the FRN is sensitive to unsigned pre-
diction errors; that is, the FRN is increased for unexpected
feedback regardless of its valence in both time-estimations
tasks (Ferdinand et al., 2012), as well as social evaluative
feedback processing (van der Molen et al., 2014, 2017, 2018).

There is ongoing debate on whether the feedback-related
activity in the 250-350 ms time-window post-feedback re-
flects a single component (such as RewP or FRN) or whether
it could reflect multiple components that are present depen-
dent on the type of feedback presented (for example, reward or
prediction errors during conflict monitoring; Holroyd et al.,
2008, 2012; Proudfit 2015; Cavanagh et al., 2010; Cohen
et al., 2011). Therefore, for simplicity, we refer to this com-
ponent as the RewP but acknowledge the possibility that the
ERP in this feedback processing time-window (250-350) is
characterized by different aspects of processing of the feed-
back stimulus, and could therefore consist of multiple
components.

Related to this issue of ERP component overlap, it has been
recommended to examine ERPs in conjunction with
time-frequency EEG activity, particularly when different
components in the ERP hinder the appropriate quantification
of these ERP components (Cohen et al., 2011). Studies using
time-frequency decomposition of the EEG signal have re-
vealed valuable information about the neural correlates of
feedback processing in both cognitive and affective domains
(Cavanagh et al., 2012; Yao et al., 2019). For example, en-
hanced frontal theta oscillatory activity has been observed
when processing feedback that signals conflict, such as reward
prediction errors (Janssen et al., 2016) and unexpected social
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rejection feedback (van der Molen et al., 2017; 2018, van der
Veen et al., 2018). Notably, this enhancement in frontal theta
power occurs in the same time-window as the RewP and
therefore could provide important and complementary infor-
mation that will help to elucidate the functional significance of
feedback-related brain activity (for relevant discussions, see
Cohen et al., 2011; Holroyd et al., 2012). Therefore, our study
explores how EEG activity in the time domain (ERP) and
time-frequency domain (theta power) is modulated by the
processing of social feedback in a speed dating experiment.
Taken together, the present study assessed the neurophys-
iological activity associated with pursuing dating relationships
in anticipating and experiencing speed dating feedback. We
introduced a novel “online dating” task in which participants
saw and chose their liked and disliked speed dates and saw
each speed date’s decision. This allowed us to capture brain
activity during different stages of the speed dating process.
We tested the following hypotheses: (1) The SPN would be
larger when awaiting acceptance feedback than rejection feed-
back due to the high motivation to establish dating relation-
ships (Aron et al., 2005); (2) there would be larger RewP
amplitudes for processing match feedback, whereas the
RewP would be smaller for rejection feedback; and (3) based
on recent findings suggesting enhanced midfrontal theta pow-
er for processing unexpected social rejection feedback
(Cristofori et al., 2013; van der Molen et al., 2017), rejection
in our study would result in the largest increase in theta power
relative to the other conditions. Exploratively, we performed
source analyses to examine the neural underpinnings of the
EEG components (SPN, RewP, theta power). Based on an
intracranial and a recent EEG source-localization study of
social exclusion (Cristofori et al., 2013) and unexpected rejec-
tion (Van der Molen et al., 2017), we expected that the
rejection-induced theta power would be mainly associated
with enhanced activity in neural regions associated with sa-
liency detection with the ACC acting as a key neural source.

Method
Participants

Participants were recruited to participate in the experiment
through posters, online ads, and school media. Twenty-six
healthy participants aged 18-25 years were recruited from
Shenzhen University in China. All of the participants reported
being single and heterosexual. No participants had any current
or past mental or psychiatric history. All participants were
right-handed and had normal or corrected-to-normal vision.
Data were excluded from one participant due to noisy EEG.
Finally, data from 25 participants (mean age = 20.07, SD =
1.96, 13 women) were analyzed. Regarding the break-up sta-
tus of the participants, 11 had never been in a romantic

relationship and 14 had experienced a break-up within the
previous few months (mean = 27.07 months; SD = 28.34
months; minimum = 6 months; maximum = 60 months).1
The study protocol was approved by the ethics committee of
the Faculty of Medicine at Shenzhen University, and all par-
ticipants signed informed consent before inclusion. All partic-
ipants received a reward of 80 Yuan after the experiment.

Stimuli and experimental procedure

We introduced a novel online speed dating task that combined
the social-judgment paradigm (Somerville et al., 2006) and the
speed dating paradigm (Cooper et al., 2013). Participants were
informed that they were taking part in a multi-university speed
dating study and were required to submit a digital photo of
themselves with a neutral expression. Furthermore, on the day
of the photo submission, a standardized photo of the partici-
pant (processed to the same size and background as the exper-
imental material) was sent to the participant to ensure that he
or she was satisfied with the final photo presented to their
speed dates. Participants were allowed to replace the photos
within a week of the first experiment if they were not satisfied
with the current version. According to an earlier study
(Gunther Moor et al., 2010), fictional participants from other
universities were photographed with neutral faces. These fic-
tional participants acted as speed dates in our experiment. The
Self-Assessment Manikin (SAM; Bradley & Lang, 1994) was
used to ensure that the photos used in the experiment had
neutral expressions. Finally, we selected a total of 340 photos
(170 males and 170 females) of potential speed dates. These
photos were taken from different universities. All photos were
cropped to a standard size (185 x 240 pixels) and replaced
with a standard background color (R: 44, G: 44, B: 44).
Participants took part in three sessions: (1) a pre-task rating
session, (2) the online speed dating session, and (3) the
post-task rating session. During the pre-task rating session,
participants were invited to the lab to provide their likeability
rating of the speed dates. First, the participants provided their
personal information, including name, gender, date of birth,
height, weight, educational major and grade, phone number,
and email address. The personal data were collected to in-
crease the validity of involvement and were kept secure, with
only research personnel having access to them. Identifiable
personal information was not used in the analysis and was
destroyed after experiment. Next, participants were shown
photos of their speed dates (that is, individuals of the opposite
sex). For each photograph, participants were instructed to rate

! Participants were divided into two groups according to whether they had
been in a romantic relationship or not, which was used as a between-subject
variable for subsequent analysis (behavioral data analysis and EEG data anal-
ysis). The main effects of the group were not significant (all ps > 0.151), and
the interactions of any factor with the group were not significant (all ps >
0.086).
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how much they liked the speed date based on their first im-
pression using a seven-point scale, ranging from “I1, not at
all”, to “7, very much” (Fig. la). After completing the
pre-task rating session, participants were told that what they
had just seen were the speed dates from other universities
participating in this project. These speed dates also would
complete ratings based on the first impressions of photos of
the participant. In fact, the rating on the participants’ photos
was not made by real speed dates but manipulated by the
experimenter.

Approximately 1 or 2 weeks after the first session, partic-
ipants came back to the laboratory to complete the EEG task
during the online speed dating session. Participants were
shown photos of the speed dates and were instructed to make
a judgment regarding the question, “Would you be interested
in getting to know this person better?” Thereafter, the partic-
ipants were shown feedback from their speed dates. This re-
sulted in four different conditions: a Match condition (both the
participant and the speed date answered “yes” to the question),
a Rejection condition (the participant said “yes,” but the speed
date said “no”), a Disinterest condition (both the participant
and the speed date answered “no”), and an Unrequited condi-
tion (the participant said “no” and the speed date said “yes”).

A

Pre-task rating

How much do you
like this person
(7 point scale)

—_
A

Online speed-dating task

&

Would you be interested in getting to
know this person better
Max 3000 ms

3000 ms

Post-task rating

How much do you
like this person
(7 point scale)

—_
A

Fig. 1 Experimental task. a Participants rated the likability of the speed
dates before the task. b During the EEG experiment, participants were
first required to judge whether they were interested in getting to know the
speed date better, with a response window of 3,000 ms. Their choices
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In addition, participants were told that only in case of a Match
would they receive contact information of the speed dates.

Notably, during the EEG task, participants were free to
choose who they wanted as a potential date and who they
did not want. This is an important difference from previous
studies (Cooper et al., 2013; van der Veen et al., 2019), in
which participants were forced to choose at least 50 percent
of the “yes” choices. We believe this manipulation would
enhance the trustworthiness of experimental manipulations,
and thus contribute to the ecological validity of the
experiment.

A schematic of the EEG session is presented in Fig. 1b.
Participants were shown photographs of the speed dates and
asked to judge whether they were interested in getting to know
that person better. Judgments were made by pressing one of
two buttons (“F” and “J”’), which corresponded with the “Y”
(yes) and “N” (no) buttons on the computer screen. The posi-
tions of the “Y” and “N” buttons on the screen were
counterbalanced between the participants. Participants were
required to make a judgment within a 3,000-ms time window
after the photo of the speed date appeared. If they did not
respond within this time window, the trial ended and feedback
from the speed date on that trial was not shown. Upon a button

2000 ms 2500-3000 ms

were then highlighted and remained on the screen for 3,000 ms. Finally,
the feedback from their speed date was presented for 2,000 ms, indicating
whether they had been accepted or rejected by their speed date. ¢
Participants rerated the likability of each speed date
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Table 1 Means, standard deviations (SD), and range (minimum-
maximum) of the number of trials that were used to calculate the SPN
and the feedback-related brain potentials

Component (condition) Mean (SD) Range (min.-max.)

SPN (interested in speed-date) 59.20 (16.48) 30-91
SPN (not interested in speed-date) 100.00 (16.37) 69-130

Feedback (Match) 28.80 (10.11)  12-47
Feedback (Rejection) 29.92 (8.18) 17-48
Feedback (Unrequited) 50.16 (10.01)  33-68
Feedback (Disinterest) 48.96 (7.69) 32-62

Note: Match = participant and speed-date said “yes”; Rejection = partic-
ipant said “yes”, speed-date said “no”’; Unrequited = participant said “no”,
speed-date said “yes”; Disinterest = participant and speed-date said “no”

press, the button turned green for 3,000 ms to indicate the
participants’ choice. Finally, feedback of the speed date was
presented for 2,000 ms, with a “\P to indicate interest and “X
to indicate disinterest (210 x 210 pixels). In fact, the speed
date’s feedback was randomly generated, so there was a 50%
probability that the participant would receive feedback indicat-
ing interest from the speed date. Participants were only shown
photos of speed dates of the opposite gender. For each partici-
pant, there were 10 practice trials (the same photos were used as
practice trials for each gender) and 160 experimental trials.

Following the EEG session, participants completed a
post-task likability rating in which they were again instructed
to rate how much they liked each speed date (Fig. 1c). This
allowed us to test whether participants’ pre-task rating was
influenced by the experimental manipulation. Participants also
indicated, on a seven-point Likert scale, how motivated they
were to know about what their speed date thought of them
(ranging from 1 “not at all” to 7 “very much”) and how pleas-
ant they felt about the evaluation from the speed date (ranging
from 1 “very unhappy” to 7 “very happy”). In addition, we
administered the Rejection Sensitivity Questionnaire,
Rosenberg Self-Esteem Scale and BDI-II Depression scale
before the EEG task. Furthermore, the State-Trait Anxiety
Inventory (STAI; Spielberger et al., 1983) and Positive and
Negative Affect Schedule (PANAS; Watson et al., 1988) were
used before and after the EEG session to measure state anxiety
and mood changes, respectively. Moreover, participants were
debriefed about the experiment after the last participant had
finished the experiment and none of the participants reported
suspicion about the experimental manipulation.

EEG recordings and processing

EEG data were recorded with 64 Ag/AgCl electrodes accord-
ing to the 10-20 system (actiCAP, Brain Products, Germany;
sampled at 1000 Hz). Electro-oculographic (EOG) signals
were used to record ocular movements and eye blinks by
using a surface electrode placed below the right eye. All

impedances were kept below 10kS2. EEG data were analyzed
with BrainVision Analyzer 2.1 (Brain Products, Germany)
and MATLAB (The MathWorks, Inc., Natick, MA).

EEG data were re-referenced offline to the bilateral mastoid
electrodes and band-pass filtered between 0.1-30 Hz (48 db/
oct) with a 50-Hz notch filter. We created 6,500-ms epochs that
comprised 3,500 ms before speed date feedback onset and
3,000 ms after speed date feedback. Subsequently, independent
component analysis (Lee, Girolami, & Sejnowski, 1999) was
used to remove ocular artifacts. After additional baseline cor-
rection (see below for details on SPN and RewP), trials with
voltage > +80 1V were discarded. The number of artifact-free
EEG epochs for further analyses is presented in Table 1.
Although the number of trials differs between conditions
(e.g., match vs. rejection feedback)—which is inherent to this
social-decision making process—internal consistencies (as an
index of reliability) of the ERPs per condition were excellent.”

Event-related brain potential analyses

For SPN analyses, 3,500-ms artifact-free epochs were created
comprising 3,300 ms pre-feedback and 200 ms post-feedback.
In accordance with Van der Molen et al. (2014), we used the
—2,400 to —2,000 ms pre-feedback interval for baseline correc-
tion. This interval ensured that no residual motor activity or
decision-making processes were evident in the baseline correc-
tion period. By collapsing over the two conditions (i.e., inter-
ested and not interested in the speed date), we found a gradually
increased SPN before the feedback onset. Thus, we calculated
the mean amplitude of the 200 ms before the feedback onset at
pooled frontocentral midline electrodes (Fz, FCz, Cz).3

For RewP analysis, 1000 ms artifact-free epochs were cre-
ated, including 200 ms before feedback onset and 800 ms
post-feedback. The 200-ms pre-feedback time window was
used for baseline correction. By collapsing over the four con-
ditions, we found a pronounced RewP after the feedback dur-
ing 255-355 ms. Thus, this time-window and pooled
frontocentral midline electrodes (Fz, FCz, Cz) were used for
assessment of the RewP.*

2 The split-half reliability was used to measure the internal consistency of the
SPN and RewP at pooled electrodes (Fz, FCz, Fz). The odd and even trials are
averaged and the correlation between the two is calculated (Threadgill et al.,
2020), corrected using the Spearman-Brown prophecy formula (Nunnally
et al., 1967). Spearman-Brown corrected split-half 7 of RewP for Match =
0.96, Rejection = 0.92, Unrequited = 0.89, and Disinterest = 0.92, and SPN
for Yes judgment = 0.83 and No judgment = 0.84.

® This grand-grand average method of determining the electrode of interest is
in line with prior studies on the SPN (van der Molen et al., 2014), as well as
with recommended methodology for determining electrodes for analyzing
ERP peak amplitudes (Kappenman & Luck, 2016).

* This positivity in the feedback-related ERP was already evident around the
P2 component, so our RewP measure might have been subject to component
overlap. However, PCA analysis revealed a distinct positive component with
central dominance that yielded similar results as described for the RewP in this
study (see Supplementary Material for details).
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Time-frequency power analyses

For each different type of feedback, artifact-free segments
(2,000 before and 2,000 ms after feedback onset) were trans-
formed into the time-frequency domain using complex Morlet
wavelets. For each segment, we obtained a complex
time-frequency estimation with 30 logarithmically spaced
steps, ranging from 1 to 30 Hz in the frequency domain. The
Morlet parameter of the central frequency was set at 1 Hz and
time resolution (in units of Full Width Half Maximum) was
set to 5 s. The spectrogram was baseline-corrected using the
subtraction approach at each frequency (Hu et al., 2014), in
which =500 to —200 ms interval before the feedback onset was
used as the baseline. By collapsing over the four conditions,
we found a pronounced theta burst occurring 200400 ms
after the feedback at Fz, corresponding with findings from
Van der Molen et al. (2017, 2018). Thus, we calculated the
averaged theta power (4-8 Hz) in the 200-400-ms
time-window following the feedback onset at Fz.

Source-localization analyses

Source-localization of theta power was performed on the
single-trial level for each feedback condition using
Brainstorm (Tadel et al., 2011), which is a free and document-
ed software package available in Matlab (http:/neuroimage.
usc.edu/brainstorm). The default ICBM152 anatomy,
distributed by the Montreal Neurological Institute (MNI),
was used as a tessellated cortical mesh template surface due
to the lack of individual MRI templates. The BrainProducts
Easycap 64-channel layout was co-registered with the
ICBM152 anatomy. The EEG forward model of volume cur-
rents was calculated by a symmetric boundary element model
with OpenMEEG (Gramfort et al., 2010), with which the de-
fault layers and conductivities parameters and the adaptive
integration method were applied. This forward model uses
three realistic layers corresponding to the scalp (1,922 verti-
ces, relative scalp conductivity = 1), the skull (1,922 vertices,
relative skull conductivity = 0.0125), and the brain (1,922
vertices, relative brain conductivity = 1) (Ambrosini &
Vallesi, 2016). The noise covariance matrix was based on
the =500 to —200 ms baseline period before the feedback
onset. Next, unconstrained cortical sources were calculated
at the single trial level by using the depth-weighted minimum
norm estimation (WMNE) approach (Baillet et al., 2001). This
technique is robust to noisy EEG data and shows fair spatial
resolution; it also provides reliable results for source-
localization analysis of EEG data in the absence of individual
MRI anatomies (Baillet et al., 2001). Finally, the source cur-
rent strength (3 x5,005 vertices of the cortex surface) is ob-
tained by multiplying the recorded EEG signal at each elec-
trode on the time series by the wMNE inverse operator.
Importantly, this linear transformation allows the time-
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frequency analysis to be calculated directly on the source
space without changing the spectral characteristics of the un-
derlying source (Ambrosini & Vallesi, 2016; Billeke et al.,
2013). Z-score transformations were conducted to normalize
the theta source results after averaging all the trials for each
condition, using the 500 to —200 ms pre-feedback baseline as
the reference interval. The Z-scores for source results were
rectified in theta band (4-8 Hz) and averaged within the
200-400-ms post-feedback time windows for statistical
analysis.

Statistical analysis

Statistical analyses were performed with IBM SPSS Statistics
21.0 (IBM, Armonk, NY). For behavioral data, we used ¢-tests
to compare the reaction times (RTs) of two different choices
(Participant Judgment: Yes or No), and the STAI and PANAS
scores before and after the experiment (phase: pre and post).
To investigate the change of likability ratings, we created the
difference between post-task minus pre-task for the four feed-
back conditions (Match, Rejection, Unrequited,
Disinterested). The difference scores as dependent variables
were submitted to a 2 (Participant Judgment: Yes or No) x 2
(Speed date Feedback: Yes or No) ANOVA. The self-reported
motivation ratings in two conditions (Participant Judgment:
Yes or No) were compared by using paired ¢-test.
Self-reported pleasantness ratings were submitted through a
two-way ANOVA with Participant Judgment (Yes or No) by
Speed date Feedback (Yes or No).

For EEG data, a paired -test was used to compare the SPN
of two judgments (Yes or No). Furthermore, RewP and Theta
values were submitted separately into a 2 (Feedback
Congruence: Congruent, Incongruent) by 2 (Feedback
Valence: Positive/Negative) repeated measures ANOVA.
Greenhouse-Geisser correction was used when sphericity
was violated.

For theta source localization data, nonparametric cluster-
based permutation testing was used to test for significant dif-
ference in source activity between each condition in the source
space (Maris & Oostenveld, 2007) using Fieldtrip’s
ft sourcestatistics method (Oostenveld, Fries, Maris, &
Schoffelen, 2011) as implemented in Brainstorm. The theta
source data were averaged over frequency band (4-8 Hz) and
time (200400 ms), meaning that this test statistic only con-
sidered the spatial dimension. First, for every sample, a com-
parison of the two conditions was calculated based on the
alpha level of 0.05 threshold. Samples that exceeded the crit-
ical #-values were then clustered and summed over z-values,
which were based on spatial adjacency. Next, the cluster-level
statistics were calculated. The Monte Carlo method was used
for significance statistical testing with paired #-tests. The non-
parametric cluster-level statistics was performed by calculat-
ing a p-value under 1000 random permutation distribution of


http://neuroimage.usc.edu/brainstorm
http://neuroimage.usc.edu/brainstorm

Cogn Affect Behav Neurosci (2022) 22:145-159

151

A B c
Kk n.s
2000{ 0% 61 @mo
® o0 5 .L () 7] oo
1500 - D s
- .ﬁ %o S 4 4 ° -ls- § 61 *r
£ - el B s°1 =
= 4 > 3 A () o @ c T -
'n_: 1000 PP L] £ § 4 ° e T
= 2 4 b 3 1 ° oo
500 + o 2 w0
1
14
0 T T 0 r T 0 T T .
YES NO YES NO ‘@é‘ S & ‘o@@e‘
® & &

Fig. 2 a RTs the participants’ judgment. b Self-reported motivation ratings.

#%p < 0.001

the source data. The cluster-corrected alpha level of 0.05 was
set for multiple comparisons.

Lastly, Pearson correlation analyses were performed to as-
sess the association between self-reported pleasantness ratings
and the condition-specific RewP and theta power, as well as
the association between self-reported motivation and
condition-specific SPN. No significant associations were
found (all ps > 0.23).

Results
Behavioral data

A paired t-test indicated that the RTs for “Yes” Judgments
were significantly longer than “No” Judgments, #(1,24) =
5425, p < 0.001, Cohen’s d = 1.09, indicating that it took
longer for participants to show interest in their speed date
(1,380.87 + 65.34 ms) than to show disinterest (1,182.79 +
50.51 ms; Fig. 2a). Furthermore, there was a significant main
effect of Participant Judgment (F(1, 24) = 11.21; p = 0.003;
np2 = 0.32), suggesting that the participants significantly in-
creased the likeability for their speed dates if they deemed
them as potential dates vs. non-potential dates.’ In addition,
participants reported a stronger motivation to meet their po-
tential dates (5.32 = 0.15) than non-potential dates did (4.12 +
0.15;¢(1,24) =5.77, p < 0.001, Cohen’s d = 1.15; Fig. 2b).

As depicted in Fig. 2¢, we found a significant main effect of
speed date feedback in self-reported pleasantness ratings: £ (1,
24)=42.69; p < 0.001; 771,2 = (.64. In addition, the interaction
between judgment and speed date feedback was significant
(F(1,24) = 33.65, p < 0.001, np2 = 0.58), indicating that par-
ticipants reported more pleasantness after Match outcomes
(5.72 £ 0.19) than Rejection outcomes (3.08 = 0.16; p <
0.001). However, there was no significant difference between

> From here on we use the term potential dates to refer to speed dates that
participants were romantically interested in, and nonpotential dates to refer to
speed dates that participants were not romantically interested in.

¢ Self-reported pleasantness ratings. Error bars represent standard errors.

Unrequited outcomes (4.20 + 0.20) and Disinterest outcomes
(4.00 +0.21; p = 0.519). We also decomposed the interaction
for Judgment. Results indicated that participants reported
more pleasantness after Match outcomes (5.72 + 0.19) than
Unrequited outcomes (4.20 + 0.20; p < 0.001). In addition,
participants reported less pleasantness after Rejection out-
comes (3.08 + 0.16) than Disinterest outcomes (4.00 = 0.21;
p =0.001). The scores on the STAI-S and PANAS scales did
not differ between administration moments (i.e., before and
after the speed dating task; all p values > 0.16).

We also measured levels of Rosenberg Self-Esteem,
BDI-IT Depression, and Rejection Sensitivity. Mean scores
on the self-report measures are presented in Table 2. The per-
sonality trait scores were used as covariates in the behavioral
analysis and EEG data; we did not find these personality trait
scores to be related to participants’ behavioral responses (all
ps > 0.075) and EEG results (all ps > 0.11). Therefore, these
personality trait scores were not used for further analysis.

Stimulus preceding negativity (SPN)

As depicted in Fig. 3, paired samples #-test indicated that the
stimulus preceding negativity (SPN) was more negative when
participants showed romantic interest (—3.98 £ 0.70 uV) rel-
ative to disinterest (—2.39 + 0.56 pV) in their speed date;
#(1,24) =-3.31, p = 0.003, Cohen’s d = —0.66).

Reward positivity (RewP)

Grand-averaged ERPs at pooled electrodes (Fz, FCz, Cz) are
depicted in Fig. 4a. We found a significant main effect of
Feedback Valence (£(1,24) = 6.25, p = 0.020, 7],,2 =0.21)
and a significant main effect of Feedback Congruency
(F(1,24)=128.29, p <0.001, 171,2 =(0.54), which were included
in a significant interaction between Feedback Valence x
Feedback Congruency (F(1,24) =14.32, p = 0.001, 77},2 =
0.37)). Follow-up paired samples z-test revealed that the
RewP to the speed date’s feedback (7.54 + 1.44 uV) was
significantly larger for Match outcomes relative to all other
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Table 2 Means, standard deviations (SD), and range (minimum-
maximum) of the scores on the self-reported questionnaires

Questionnaire Mean (SD) Range (min.-max.)
Rosenberg Self-Esteem 31.40 (5.17) 22-40

BDI-II Depression 6.44 (5.45) 0-21

Rejection Sensitivity 10.22 (2.65) 5.89-14.72

conditions (all ps < 0.001). The RewP was significantly larger
for the Rejection condition (4.70 £ 1.25 puV) than the
Disinterest condition (2.73 = 0.91 uV; #1,24) = 3.08, p =
0.005, Cohen’s d = 0.62), while the RewP between the
Rejection (4.70 + 1.25 pV) and Unrequited (4.04 + 0.80
V) conditions was not significant (#(1,24) = 0.96, p =
0.345, Cohen’s d = 0.19). In addition, the RewP was signifi-
cantly larger for the Unrequited condition (4.04 + 0.80 uV)
than for the Disinterest condition (2.73 = 0.91 uV; #(1,24) =
2.78, p = 0.010, Cohen’s d = 0.56).

Theta power

As depicted in Fig. 5, we calculated the averaged theta power
(4-8 Hz) in the 200—400-ms time-window following the feed-
back onset at Fz. The theta power yielded a significant main
effect of Feedback Congruency (£(1,24) =6.92, p=0.015, npz
= 0.22) and a main effect of Feedback Valence (F(1,24) =
12.08, p = 0.002, 77p2 = 0.34), which were included in a sig-
nificant interaction between Participant Judgment and Speed
date Feedback (F(1,24) = 14.02, p = 0.001, 77/ = 0.37).
Follow-up paired samples #-test indicated that theta power
was significantly higher in the Rejection condition than in
all other conditions (all ps < 0.001). All other contrasts were
not significant (all ps > 0.54). Exploratively, we examined
feedback-related delta power (see supplemental material S2
for details) and observed a significant enhancement in delta
power in both the Match (ps < 0.036) and Rejection (ps <

0.001) conditions relative to the Unrequited and Disinterest
conditions.

Source localization for theta power

The neural sources underlying feedback-related theta activa-
tions are displayed in Fig. 6. For the rejection condition, the
source maps reveal a distinct increase in theta power in com-
parison to the other feedback conditions. Nonparametric per-
mutation testing was performed to test for significant condi-
tion differences in the theta activation patterns. These results
are presented in Fig. 7. The contrasts between Rejection and
the other conditions all revealed significant clusters, which
suggests increased theta activation in the Rejection condition
relative to the Match condition (cluster 1: size = 214, p =
0.024; cluster 2: size = 155, p = 0.045), the Disinterest condi-
tion (cluster 1: size = 181, p = 0.042; cluster 2: size= 175, p =
0.045), and the Unrequited condition (cluster: size = 174, p =
0.04). Although spatial precision of these condition differ-
ences cannot be inferred from these nonparametric permuta-
tion tests (Maris & Oostenveld, 2007; Sassenhagen &
Draschkow, 2019), the source activity differences were ob-
served within the 200—400-ms post-feedback interval over
the prefrontal and cingulate cortices.

We also performed source analysis on SPN and RewP, but
no significant differences were found in source clusters be-
tween conditions (see Supplementary Material for details).

Discussion

The goal of this study was to examine the neural correlates
associated with the acceptance and rejection related to online
dating. Using a novel speed dating, while measuring brain
activity with ERPs and EEG, we examined the anticipatory
stage (waiting to receive the speed date’s feedback) and feed-
back processing stage (processing of the speed date’s feed-
back signaling either interest or disinterest). This set-up
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Fig. 3 a Feedback-locked grand-averaged ERP waveforms at pooled
electrodes (Fz, FCz, Cz) for two participants’ judgments. b Average
SPN amplitude for two participant’s judgments. ¢ Scalp distribution rep-
resented by the average amplitude in a —200 to 0 ms time window. The
blue shaded area indicates the baseline time window (—2,400 to 2,000 ms)
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and the gray shaded area indicates the quantified time window (=200 to 0
ms). In the EEG topographic map. *Electrodes used for calculation (from
top to bottom, Fz, FCz, and Cz). Error bars represent standard errors. **p
<0.01
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allowed us to disentangle the effects of reward (interest by the
speed dates) versus nonreward (disinterest by the speed dates),
as well as feedback conflict (for example, when feedback from
the speed date was not in line with the judgments of the

255ms -355ms

Unrequited Disinterest

shaded area. Error bars represent standard errors. In the EEG topographic
map, * represents the electrodes used for calculation (from top to bottom,
Fz, FCz and Cz). **¥p < 0.001, **p < 0.01, *p < 0.05

participant). Our behavioral data (measured during EEG ex-
periment) showed greater emotional reactivity, shown by
self-reported pleasantness, when participants received feed-
back from potential dates compared to non-potential dates.
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Source localization of theta power during romantic expression

Match

Frontal

Right

Right
Unrequited

Fig. 6 Theta oscillatory power source-localization maps during the 200—
400-ms post-feedback window. Depicted are mid-sagittal slices (left and
right) of theta power activation associated with the processing of romantic

For electrophysiological data, participants showed a more
negative SPN amplitude while awaiting social evaluation
from potential dates than from non-potential dates, as expect-
ed. During the social evaluation feedback stage, Match out-
comes (where both the participant and the speed date said
“yes”) induced the largest RewP in all four conditions.
Further, theta power was largest in response to Rejection out-
comes (where the participant said “yes,” the speed date said
“no”). This burst of theta power during rejection was
source-localized to brain regions known to be relevant for
processing physical and social pain (Cristofori et al., 2013;
Eisenberger et al., 2003; Peyron et al., 2000), such as the
ACC, the dIPFC, and supplementary motor cortices. To our
knowledge, the present study is the first to explore patterns of
neural activity during “pursuing dating relationships” and of-
fers important insights into the role of SPN, RewP, and theta
oscillations in dating relationship pursuit.

Our behavioral data revealed that participants “turned
down” the majority of the speed date during the speed dating
experiment and that decision times were significantly longer
for showing interest in a speed date than rejecting a speed date.
This effect could be interpreted to suggest that when individ-
uals show interest in potential dates, they expose themselves
to potential adverse effects (i.c., rejected by the speed date).
Previous studies have shown that avoiding rejection is an im-
portant goal for most people (Baker & McNulty, 2013;
Baumeister & Leary, 1995). When people try to pursue a
new relationship, they consider whether exposing their inten-
tions will make them experience the pain of rejection (Joel
et al., 2019); in this case, the chance of being rejected by
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Frontal
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expression. The source activation maps are based on activation of at least
40 vertices (amplitude threshold of 50%)

someone they like. In our study, the longer decision times
for showing interest vs. disinterest could reflect minimization
of the risk of adverse effects associated with the pursuit of
dating relationships, and this risk is larger when showing in-
terest vs. disinterest in a potential partner. As such, the deci-
sion times and trial numbers in our study provided an implicit
index of the participants’ prudent behavior in choosing a po-
tential dating partner, which confirmed our experimental
manipulation.

Also, participants rated acceptance from potential dates as
more pleasant than rejection. Because humans have a strong
evolutionary motivation to have social interactions and rela-
tionships, social acceptance is highly rewarding and desired
(Baumeister & Leary, 1995). Interestingly, we found no dif-
ferences in emotional responses for nonpotential dates. That
is, those speed dates for which the participant had no interest
(Unrequited vs. Disinterest condition) showed similar
self-pleasantness ratings, regardless of the feedback from
nonpotential dates. In our study, the participants also reported
a strong motivation to know the decision of potential dates, as
shown by self-reported motivation. In fact, different social and
motivational contexts affect how people feel about social
feedback. People showed more pleasure and reward-related
activity in response to social reward (for example, connection,
cooperation, and conformity) for a close one rather than dis-
tant one (Hughes et al., 2018). Therefore, it is understandable
that the participants had stronger motivation for potential
dates, which may have increased the participants’ arousal in
response to social feedback.



Cogn Affect Behav Neurosci (2022) 22:145-159

155

Theta source localization: cluster- based difference maps

Contrast: Rejection vs. Match

Frontal

Contrast: Rejection vs. Unrequited
Frontal

Fig. 7 Contrast maps of theta source activity for Rejection with the other
conditions. The mid-sagittal slices (left and right) and axial views of the
three contrasts are depicted. Only clusters of theta source activity that

Our brain response and EEG results suggested clear differ-
ences in neural reactivity associated with feedback anticipa-
tion and processing thereof. During the speed date’s feedback
anticipation stage, we observed a larger SPN when partici-
pants were hoping to receive interest. This result dovetails
with prior findings on anticipating social evaluative feedback,
where the SPN was found to be larger when individuals an-
ticipated social acceptance feedback rather than rejection feed-
back (van der Molen et al., 2014). Our current SPN findings
are also consistent with the participants’ self-report ratings,
suggesting that participants have a strong motivation to know
the potential partner’s social evaluation and feel that receiving
feedback from a potential partner is more rewarding. Previous
studies have found a larger SPN when people are more likely
to receive reward than punishment (Donkers et al., 2005) or
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P<.05

|-5

t-values

P<.05
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have passed cluster-based nonparametric permutation test and survived
the correction are presented

social acceptance versus rejection feedback (van der Molen
et al., 2014). In our case, receiving interest from a potential
dating partner meant the possibility of more subsequent com-
munication, a strong social reward in a relationship (Cooper
et al., 2013). This is consistent with previous studies that SPN
reflects the anticipatory motivation before feedback
(Pornpattananangkul & Nusslock, 2015). Thus, our results
indicate that people have a high motivation to pursue interest
from potential dates, which seems to be reflected in enhanced
SPN amplitudes.

In contrast to previous social feedback anticipation studies,
our current paradigm did not examine explicit expectancies
from participants about the speed date’s feedback. That is,
we examined what participants hoped for in terms of the feed-
back from the speed date, which is different from examining
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what feedback participants might expect to receive. For exam-
ple, studies that have examined explicit expectancies about
social evaluative feedback have found enhanced negativities
in the typical RewP time-window (Dekkers et al., 2015; van
der Molen et al., 2014, 2017; 2018), which increased signifi-
cantly for unexpected social evaluative feedback. These stud-
ies used a social judgment paradigm in which participants
were asked, “Do you think this person likes you?” Thus, ex-
plicit expectancies were measured that resulted in prediction
errors (i.e., when feedback is not in line with participant’s
expectancies). Instead, our study focused more on the partic-
ipants’ own subjective preferences regarding the speed date by
asking the question, “Would you be interested in getting to
know this person better?” In this manner, motivational pro-
cesses (hoping to receive positive answers from the romanti-
cally interesting speed date) seem to be more relevant in the
current design than expectancies. However, similarly to van
der Molen et al. (2014), we found enhanced SPN amplitudes
while hoping to receive acceptance rather than rejection. This
might suggest that the valence effects on the SPN are similar
for explicit feedback expectancies and motivationally driven
feedback anticipation.

During the speed date’s feedback processing stage, our
results revealed the largest RewP amplitudes in the Match
condition, which suggests an increased reward value when
participants were presented with feedback signaling social ac-
ceptance by potential dates than nonpotential dates. This en-
hancement in the RewP after Match feedback might also relate
to the participant’s individual preferences. A recent EEG
study found that high-preference outcomes induce larger
RewP amplitudes than medium reward outcomes (Peterburs
et al., 2019). Although that study used chocolate as a reward
rather than social feedback, individual preferences about so-
cial feedback are likely to have influenced the RewP ampli-
tudes. For example, we found that RewP amplitudes were
largest for feedback conditions in which participants indicated
interest in the speed date (Match and Rejection). This finding
is in line with a similar speed dating study by Van der Veen
etal. (2019), who reported increased P3 amplitudes for Match
feedback relative to the other feedback conditions. These au-
thors interpreted this P3 enhancement after Match feedback to
reflect the strong subjective motivational properties of this
type of feedback. Future studies could further examine these
potential subjective reward value effects on the RewP by ex-
amining participants’ judgments about the speed date on an
interval scale, rather than binary judgments (Yes vs. No).
Because subjective preferences show different levels, the in-
terval scale can examine whether RewP is modulated by the
linear variation of subjective preferences.

The current study also adds an important dimension to the
existing literature on brain responses to feedback processing
of pursuing dating relationships. For example, Van der Veen
et al. (2019) only tracked brain responses during the
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presentation of feedback from the potential dates, and present-
ed the participants’ judgment of the potential dates that was
collected prior to the EEG session. Thus, participants passive-
ly watched their own judgments and the feedback of the po-
tential dates. Moreover, participants in this study were forced
to evaluate 50% of the speed date as “dateable.” Together,
these manipulations might have resulted in “second thoughts”
about participants’ judgments about the partners during the
online speed dating session, as well as reduced task engage-
ment in finding out the evaluation from the partners, and
thereby confounding the reward processes that elicit the
RewP. In the current paradigm, the willingness of participants
and their speed dates was communicated in real time and
participants were not forced to consider a fixed percentage
of candidates as dateable. This might have contributed to the
ecological validity of the paradigm, and particularly partici-
pants’ task engagement, a factor that is known to affect the
amplitude of RewP (Bellebaum et al., 2010; Warren &
Holroyd, 2012).

Previous studies have found that peer feedback incongru-
ent with participants’ feedback expectancies resulted in larger
feedback negativities (Dekkers et al., 2015; van der Molen
et al., 2014, 2017, 2018). We did not observe this conflict
effect in the time-domain EEG (that is, ERPs), but we did find
it in the time-frequency domain of the EEG. Specifically, we
observed that midfrontal theta power was exclusively stronger
in the Rejection condition, where the participant’s interest in
the potential partner was unanswered. This finding coincides
with a series of EEG studies in which unexpected social re-
jection feedback resulted in a significant increase in
mid-frontal theta power (van der Molen et al., 2017, 2018).
This effect has been interpreted to reflect enhanced sensitivity
of a social threat detection mechanism (Van der Molen et al.,
2017, 2018). It has been postulated that humans have evolved
a highly sensitive self-protection system that guards individ-
uals from social disconnection (Eisenberger & Lieberman,
2004). Neuroimaging studies have revealed that the process-
ing of social rejection cues is governed by brain regions that
overlap with the physical pain matrix, such as the anterior
insula (AI) and ACC, which are involved in
cognitive-affective pathways that process information about
the unpleasant value of a nociceptive stimulus (Eisenberger
etal., 2003, 2007). Results from an intracranial EEG study by
Cristofori et al. (2013) provided direct evidence that increased
theta power during exclusion versus inclusion can be
source-localized to brain areas overlapping with processing
of physical pain, particularly the ACC and Al. Based on this
overlap, those authors argued that enlarged theta power in
response to social exclusion reflects a neural signature of so-
cial pain. Our source localization results show that theta-based
source activity was significantly strongest in the Rejection
condition. This activity was observed in the brain regions that
cover the ACC and dIPFC—brain regions that have been
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shown to play a dominant role in the threat detection system
(Eisenberger, 2015). However, source location results should be
interpreted with caution because of their lack of precision com-
pared to fMRI, for example. Due to the inverse problem, a lim-
ited number of electrodes and an infinite number of possible
source locations result in relatively low spatial resolution
(Asadzadeh et al., 2020). Our interpretation that the Rejection
condition in this study elicited social pain is supported by the
increased negative effect ratings from the participants
self-reported pleasantness during rejection. However, this
Rejection condition not only elicits intense social pain; it is also
a condition that contains potential disconfirmation of an outcome
that is hoped for and perhaps expected. Thus, implicit expectan-
cies might have confounded the pure motivationally driven ef-
fects in this study.

Conclusions

This study has highlighted the different stages (speed dating
decision making, awaiting, and processing of speed dating
feedback) that characterize the pursuit of dating relationships.
Specifically, our results confirm the notion that the stimulus
preceding negativity is a neural correlate of reward anticipa-
tion and extend this view to anticipating a reward resulting
from a potential dating relationship. We also suggest that the
reward positivity reflects a neural response of the reward sys-
tem related to receiving interest from potential dates, which is
socially rewarding. Furthermore, our findings corroborate the
idea that midfrontal theta oscillatory reactivity constitutes a
neural signature of social pain resulting from social rejection
by potential dates. Overall, our study highlights distinct sen-
sitivity of anticipatory and feedback-related ERP components
during the pursuit of dating relationships, and our results sub-
stantiate the important role of midfrontal theta oscillatory re-
activity in regulating negative social effects.
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