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Abstract

A crucial aspect of social decision-making is the ability to learn from the outcomes of preceding decisions. In particular, learning
might be influenced by the expectedness of feedback and its valence. Expectedness has largely been operationalized as the
frequency of stimulus occurrence and not in terms of its social context. Therefore, we investigated the influence of socially
unexpected feedback, i.e., smiling upon adverse events, on behavioral and neural responses. We used a modified version of the
ultimatum game, a commonly used paradigm for economic decision-making, by implementing different proposer identities with
a distinct reaction pattern towards accepted and rejected monetary offers. We could show that an identity, who reacted with a
smile towards rejected offers, evoked lower acceptance rates compared to identities, who reward acceptance with a smile.
Electrophysiological correlates indicate N170 effects for emotional identities compared to a neutral control identity. Regarding
FRN and P3 brain potentials, we detected a particular function of the smiling face when used as a socially unexpected, negative
feedback stimulus. Hence, individuals seek an unexpected smile despite the associated monetary loss, which is accompanied by

distinct neural patterns.
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Introduction

Humans often learn from their experience when it comes to
social decision-making. There is a consensus that we learn and
then adjust future action selection based on the evaluation of
consequences and influences of our own behavior toward
others (Huang & Yu, 2014; Maier & Steinhauser, 2013).
However, the behavioral and neural correlates of unexpected
positive feedback toward punishing behavior have not been in
the focus of research yet.

The neural underpinnings of feedback evaluation have
gained increasing attention in the past. Research using
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event-related potentials (ERPs) has identified a brain compo-
nent, the feedback-related negativity (FRN; Miltner, Braun, &
Coles, 1997), which is sensitive to the valence of feedback.
Holroyd and Coles (2002) and Holroyd, Pakzad-Vaezi, and
Krigolson (2008) stated that the FRN indicates activation of
areinforcement learning system, which evaluates the outcome
of a distinct decision to direct reward-oriented behavior. The
FRN is generated when a negative signal for reinforcement
learning is conveyed to the anterior cingulate cortex (ACC)
via the mesencephalic dopamine learning system. Holroyd
and Coles (2002) suggest that the system classifies feedback
into events that are better or worse than expected and com-
putes the difference between outcome and expectation as a
reward prediction error (Holroyd et al., 2008). Alternatively,
Alexander and Brown (2011) stated in their theory on the
prediction of response-outcome that the ACC prognoses pos-
sible outcomes of behavior and indicates unexpected nonoc-
currence of these outcomes. Thereby, the unexpectedness re-
lates to both negative and positive outcomes. In the present
study, we used positive feedback (i.c., a smiling facial expres-
sion) toward an adverse event (i.e., rejection of an ultimatum
game offer, which means monetary nonreward). Hence, we
investigated neural responses of feedback that in terms of
frequency is fully expectable but in terms of social behavior
might be unexpected.
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In order to study (socially) unexpected facial expressions,
we needed a controllable social environment, as in the ultima-
tum game (UG; Giith, Schmittberger, & Schwarze, 1982),
which is a commonly used economic game for investigating
human decision-making. In this task, one party is acting as a
“proposer” and must divide a certain amount of money to
share with the “responder.” The responder subsequently ac-
cepts or rejects the offered amount of money. If the responder
accepts an offer, the money is divided as proposed. Otherwise,
no money will be distributed. For most people, offering 5
cents out of 10 would be considered a fair offer, whereas 1
cent would be considered unfair. According to rational choice
theory (Morgenstern & Von Neumann, 1953), a rational pro-
poser would offer the smallest possible amount to maximize
his gains, and a rational responder would accept any offer,
because receiving any money is better than gaining nothing.
In contrast to rational choice theory, empirical findings show
that offers below 20% of the money are rejected in 50% of all
cases; and proposers offer approximately 40-45% of the mon-
ey to the responder (Levine, 1998).

Recently, Mussel, Hewig, and Weil (2018) and WeiB,
Mussel, and Hewig (2019b) modified the UG by
implementing different proposer identities, who reacted with
distinct patterns of socioemotional feedback after participants
accepted or rejected UG offers. On a behavioral level, system-
atic emotional feedback influenced decision-making in the
task. Participants showed higher acceptance rates if the co-
player consistently smiled upon acceptance compared to pro-
posers showing neutral facial expressions. Building upon
Mussel et al. (2018), we developed an additional modification
of the UG, which allowed us to investigate the behavioral and
neural consequences of socially unexpected positive feed-
back. A particular social framing could turn a stimulus that
is usually associated with reward (i.e., a smile) into a stimulus
covering negative content and thus lead to increased rejection
rates. As an example of positive facial expressions as
compensation for negative emotions, Ansfield (2007) showed
that smiling when feeling distressed may serve a function in
self-regulation. Otherwise, these smiles go along with nega-
tive social consequences.

In the present study, by realizing the socially unexpected
smile, we also wanted to solve a methodological issue
concerning unequally distributed feedback stimuli in preced-
ing studies. Previous publications on emotional feedback
(Mussel et al., 2018; Weil3, Gutzeit, Rodrigues, Mussel, &
Hewig, 2019a; Weil3 et al., 2019b) worked with different iden-
tities, who reacted with emotional expressions to accepted and
rejected UG offers. However, among these identities the neu-
tral facial expression was overrepresented (Mussel et al.,
2018: in 62.5% of the conditions, feedback was neutral).
The actual frequencies depend on the decisions of the partic-
ipants, which we cannot control. Only under the assumption
of equally frequent acceptance and rejection is the probability

now equally distributed for the different emotional facial ex-
pressions (50% neutral, 50% smiling). This is an advantage
over previous studies. Regarding electrophysiology, we
wanted to address the effects of social decision-making and
emotional faces on N 170, FRN, and P3 brain potentials. When
watching human facial expressions compared with nonfacial
stimuli, the N170 brain potential is larger, indicating a face-
sensitive function of N170. Therefore, N170 is an established
correlate of the visual processing of human faces (Bentin,
Allison, Puce, Perez, & McCarthy, 1996; Eimer, 2000;
Rossion et al., 2000). Mussel et al. (2018) reported that the
N170 reflected the processing of basic facial features since
emotional faces elicited larger amplitudes for the presentation
of faces without context and as feedback stimuli in the UG. In
conclusion, we predict a valence effect of smiling faces over
neutral faces both when presented context-free and as feed-
back stimulus toward the acceptance or rejection of an UG
offer. Next, we addressed the FRN as an indicator for positive
and negative feedback processing (Miltner et al., 1997). In
order to investigate the neural underpinnings of social feed-
back, facial expressions have been linked to FRN brain re-
sponses in several studies. Pfabigan, Alexopoulos, Bauer,
Lamm, and Sailer (2011) reported that FRN was particularly
large after negative and unexpected social feedback in a
gambling task. With regard to the ultimatum game, Mussel,
Hewig, Allen, Coles, and Miltner (2014) showed that a smil-
ing compared with a neutral face preceding the offer not only
led to higher acceptance rates but also to smaller FRN ampli-
tudes. In contrast, Schreiner, Alexopoulos, Pfabigan, and
Sailer (2010) showed that the FRN would be more pro-
nounced for smiling proposers offering an unfair amount of
money than for angry proposers making the same unfair offer.
Osinsky, Mussel, Ohrlein, and Hewig (2014) found that the
face of a proposer who always makes unfair offers provokes a
similar FRN brain response as to the offer itself. In addition,
Mussel et al. (2018) found that the desired feedback expres-
sions of an interaction partner (i.e., anger feedback after rejec-
tion of an unfair offer) led to a decrease in FRN amplitudes
compared with looking at the anger face without context.
Accordingly, some studies showed increased FRN for unex-
pected and/or negative social feedback, whereas others
showed decreased FRN for positive and/or expected social
feedback. Thus, we investigated the FRN in the context of
socially unexpected positive feedback in the present study.
We hypothesized that FRN amplitudes are smaller for unex-
pected positive feedback (i.e., following the rejection of an
offer) in terms of social content compared with neutral feed-
back following the acceptance of an offer. This hypothesis is
based on a valence account of FRN (Holroyd et al., 2008)
rather than on an unexpectedness account of FRN
(Alexander & Brown, 2011). Finally, the P3 component was
analyzed to investigate attentional processing and subjective
importance (Ito, Larsen, Smith, & Cacioppo, 1998; Johnson,
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1988; Polich, 2007) of UG offers and emotional feedback.
Several studies (Hajcak, Holroyd, Moser, & Simons, 2005;
Hajcak, Moser, Holroyd, & Simons, 2007; Johnson &
Donchin, 1985) reported a valence-related modulation of P3
in decision tasks, indicating a larger positivity for positive
compared with negative feedback. In the context of the UG,
the P3 component was pronounced for fair compared with
unfair offers (Qu, Wang, & Huang, 2013; Wu, Hu, van Dijk,
Leliveld, & Zhou, 2012). Ma, Hu, Jiang, and Meng (2015)
further indicated that this P3 effect was modulated by a pro-
poser’s attractiveness. Whereas for attractive proposers no P3
difference regarding the fairness of an offer could be reported,
unattractive proposers evoked larger P3 brain potentials for
fair compared with unfair offers. In conclusion, Ma et al.
(2015) showed that faces could have a meaningful impact on
P3 amplitudes in the context of the UG. Moreover,
Bellebaum, Kobza, Thiele, and Daum (2011) reported that
P3 amplitudes were more prominent when participants gained
a reward compared with gaining nothing at all. Regarding
emotional feedback, we assume that P3 amplitudes will be
heightened especially for the unexpected smile following the
rejection of an offer. Although implemented as negative feed-
back, we believe that its positive valence might elicit larger P3
amplitudes compared with neutral feedback following accept-
ed offers.

On the behavioral level, we expect that the identity who
unexpectedly reacts with a smile toward the rejection of an
offer will elicit lower acceptance rates compared with identi-
ties that reward acceptance with a smile.

The present study was designed to clarify whether unex-
pected content-related feedback would affect human decision-
making. Therefore, we used a modified version of the ultima-
tum game with different proposers, who provide emotional
feedback toward acceptance or rejection of an offer.
Considering that in previous research expectedness was oper-
ationalized by the frequency of stimulus occurrence, the social
context was used to investigate the influence of unexpected
feedback. ERPs were recorded to analyze the effects of smil-
ing versus neutral faces across a mere presentation task and
when used as feedback stimuli within different proposer iden-
tities. To the best of our knowledge, this is the first study to
investigate the social influence of unexpected positive feed-
back in a decision-making task.

Methods

Ethical statement

The study was performed in accordance with the recommen-
dations of Ethical Guidelines, The Association of German

Professional Psychologists (Berufsethische Richtlinien,
Berufsverband Deutscher Psychologinnen und
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Psychologen). All subjects gave written, informed consent in
accordance with the Declaration of Helsinki before they par-
ticipated in the experiment. During the experiment, a cover
story was used, but they were told about this deception as soon
as the task was over, which is common practice in psycholog-
ical experiments.

Participants

A sample size of 51 was estimated for a medium effect of nf, =
0.06, oc = 0.05, and 3 = 0.95 using G*Power (Faul, Erdfelder,
Lang, & Buchner, 2007). The determination was a based on a
conservative estimation of the behavioral influence of differ-
ent proposer identities on acceptance rates in the ultimatum
game (Mussel et al., 2018; Weil} et al., 2019b). Finally, 56
subjects were recruited (37 females; mean age 28.53 years,
SD = 9.96, range 19-62), who participated for monetary com-
pensation of 15€. All participants gave written, informed con-
sent and were debriefed after the end of the experiment.

Experimental procedure

For the present study, we selected five male and five female
persons from the Radboud Faces database (Langner et al.,
2010), each with two facial emotional expressions: happy
and neutral. The first task (Figure 1) was a control task to
examine context-free neural responses to emotional facial ex-
pressions. Thus, the participants were asked to look at the
pictures without providing any action. For each participant,
one male and one female person were randomly chosen and
subsequently presented 25 times in random order (100 trials in
total). Additionally, we conducted a manipulation check on
the selected stimuli to evaluate their arousal and valence on
a seven-point scale.

In the second task, participants played ten rounds of a mod-
ified ultimatum game in the role of the proposer. Primarily, the
purpose of this task was to facilitate understanding and en-
hance the plausibility of the cover story for the third task (see
below). In each round, the participants could divide 10 cents
into two shares: one for her/himself and one for the responder.
There were six predefined shares, ranging from 0 to 5 cents.
Irrespective of their choice, the participants subsequently re-
ceived feedback that their offer was either accepted or rejected
(in 50% of the cases). Finally, participants had the opportunity
to send a picture to the other player to express how they felt
about his or her decision. For this purpose, the two emotional
pictures from Task 1 were presented, and female participants
could select a happy or a neutral picture of the female person
and vice versa.

In the third task, participants played eight blocks (with 48
trials each) of the modified ultimatum game in the role of the
responder. All participants were informed that the offers were
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Fig. 1 (a-c) Task timeline for the three paradigms. The numbers indicate presentation time in milliseconds. (d) Example pictures for smiling and neutral

facial expressions (Langner et al., 2010).

made by other participants who conducted the experiment on
an earlier occasion and that both parties would be paid de-
pending on the decisions made by the participant.
Furthermore, we stated that we took a picture of each partic-
ipant for the subsequent participant. In truth, the UG offers
were predefined, as outlined below. Each trial began with a
picture of either a male or female person with a neutral facial
expression representing the proposer of the upcoming offer.
The picture was taken from the pool of the eight persons who
were not chosen in Task 1. Next, the offer made by this pro-
poser was shown, representing a split of 10 cents, ranging
from O to 5 cents for the responder. The offer was presented
as a pie chart (e.g., 2/8 for the responder/proposer). During a
block, each of the eight persons proposed each of the six
possible offers exactly once. The order of the 48 offers was
randomized for each participant. Afterward, the participants
decided to either accept or reject the offer by pressing the left
(acceptance) or right (rejection) arrow button. Their decision
was shown for 1,200 ms along with the gained money (e.g.,
“Accept! You get 3 Cents!”). Finally, a picture with varying
facial expression of the proposer was shown, indicating how
he or she felt in answer to the decision of the participant.
Thereby, each of the eight persons behaved in one of four
particular ways, which we call the identity of this person.
The happy identity reacted with a smile if an offer was accept-
ed and a neutral expression if the offer was rejected. The
neutral identity reacted with a neutral facial expression, irre-
spective of the decision of the responder. The content identity
reacted with a smile, irrespective of the decision of the re-
sponder. Finally, the unexpected identity reacted with a neutral
facial expression if the offer was accepted and a smile if the
offer was rejected. For each participant, one male and one

female person was randomly assigned to one of the four feed-
back patterns resulting in eight different identities (4 identities
represented each by males and females). All stimuli were pre-
sented on a 17” screen with a grey background. Stimulus
presentation and response recordings were controlled by
PsychoPy 1.83 (Peirce, 2008). During the task, participants
were seated in a comfortable chair with a distance of 70 cm
between the head and the screen. Each of the pictures was 10-
cm high and 6.65-cm wide, resulting in a visual angle of about
14.2° x 9.5°. The pie charts had a diameter of 2.5 cm (3.6°
visual angle).

EEG recording and quantification

The EEG was measured by Ag/AgCl-electrodes located in an
electrode cap in 32 scalp positions according to the interna-
tional 10-20 system: FP1, FP2, Fz, FCz, F3, F4, F7, F8, F9,
F10, FC1, FC2, FCS, FCé6, CZ, C3, C4, T7, T8, CP1, CP2,
TP9, TP10, P3, P4, P7, P8, P09, PO10, Ol, and O2. An
additional electrode to register eye movements and blinks,
called electrooculography (EOG), was put below the left
eye. All electrode impedances were kept below 5 kOhm for
the EEG, and data were referenced online to the vertex (Cz).
Data were recorded with a sampling rate of 500 Hz and a high
cutoff filter of 80 Hz with BrainVision BrainAMP Standard
(Brain Products GmbH, Gilching, Germany) and the respec-
tive BrainVision Recorder software. For the processing of the
collected EEG data, we used MATLAB (MathWorks, Natick,
MA) and EEGLAB (Delorme & Makeig, 2004). Initially, we
detected inappropriate channels for each participant and inter-
polated them. We segmented epochs from —500 ms to
1,000 ms around the target markers. For baseline correction,
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we assessed a window of —200 ms to 0 ms. Regarding artifact
rejection, we used the criterion of z-value >4 for the amplitude
and kurtosis of the signal. Before applying independent com-
ponent analysis (ICA) according to Delorme, Sejnowski, and
Makeig (2007), we used a band-pass filter from 1 to 40 Hz.
Afterward, we applied the extensions ADJUST (Mognon,
Jovicich, Bruzzone, & Buiatti, 2011) and MARA (Winkler,
Haufe, & Tangermann, 2011), which operate with SASICA
software (Chaumon, Bishop, & Busch, 2015) to choose ICA
components for artifact rejection. Offline reference was trans-
formed to current source density like in other ERP studies
before (Kayser et al., 2010; Milne, 2011; Weil} et al.,
2019a), and data were filtered with a 20-Hz low pass filter.
Statistical calculations were conducted for each participant for
each condition +20 ms around the positive or negative peak,
respectively. N170 latency was quantified as the negative peak
between 130 and 210 ms (Johnston, Molyneux, & Young,
2014; Mussel et al., 2018; Weil} et al., 2019a) pooled at elec-
trodes P7 and PS8. Latencies for FRN were calculated as the
negative peak between 200 and 400 ms at electrode site FCz,

presentation

where their maxima would typically occur (Burle, Roger,
Allain, Vidal, & Hasbroucq, 2008; Gehring & Willoughby,
2002; Holroyd & Coles, 2002). The P3 component was cal-
culated as the positive peak between 250 and 400 ms at Pz
electrode site, as illustrated in Figure 2.

Statistical analyses

Data were analyzed using repeated-measures analyses of var-
iance (ANOVA) in SPSS software (IBM, Armonk, NY). For
all ANOVA reported in the following paragraph, we assumed
a=0.05. In case of violation of sphericity assumption, epsilon
(¢) and corrected p values are reported. We used Hyunh-Feldt
adjustment factors for degrees of freedom, apart from when &
< 0.75. In this case, we adjusted the degrees of freedom, ac-
cording to Greenhouse-Geisser. When we found a statistically
significant result for any ANOVA, we computed Bonferroni-
adjusted pairwise comparisons for further investigation of the
effects.

feedback feedback
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Fig. 2 Grand averages according to the presentation task and emotional
feedback. The first row contains results averaged across electrodes P7 and
P8 (relevant for N170), the second row results for electrode FCz (relevant
for FRN), and the third row for electrode site Pz (relevant for P3). In the
first column, grand averages regarding the presentation task are
displayed. In the second column, grand averages for the main effect of
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identity in the feedback condition are depicted. Finally, in the third
column, individual data for the main effect of identity are displayed
with boxplots. The whiskers have the length of 1.5 times the
interquartile range. The grey areas highlight the search windows for
peak detection. The topographic maps are also based on these time
windows and aggregated across stimuli. *p < 0.05
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The manipulation check regarding the valence and arousal of
the stimuli was analyzed with a one-factorial repeated-measures
ANOVA with the factor emotion (two levels: smiling and neu-
tral). In the mere presentation task, N170, FRN, and P3 brain
potentials were investigated with a one-factorial ANOVA with
the factor emotion (2 levels: smiling, neutral). Behavioral results
regarding acceptance rates were obtained by investigating the
factors identity (4 levels: happy, neutral, content, unexpected),
block (8 levels: 1-8), and offer (6 levels: 0-5 cents). Emotional
feedback was investigated with a two-factorial, repeated-measure
ANOVA with the factors identity (4 levels: happy, neutral, con-
tent, unexpected) and decision (2 levels: acceptance, rejection).

Results
Manipulation check

Smiling facial expressions obtained higher valence ratings
compared with neutral ones, F(1,53) = 359.01, p < 0.001,
w}% = 0.866. Ratings regarding arousal also depended on the
emotional valence of the stimulus, F(1,53) = 38.60, p < 0.001,
wg = 0.406, because smiling faces were rated higher in arous-
al compared with neutral facial expressions.

Furthermore, we conducted an explorative analysis on the
feedback selection in task 2, where participants acted as pro-
posers 10 round to validate the concept of unexpected positive
social feedback. A chi-square test of independence was per-
formed to examine the relationship between acceptance/
rejection and feedback selection. The relation between these var-
iables was significant, X (1, N=56)=374.9, p < 0.001. Positive
feedback was selected significantly more often than neutral feed-
back after acceptance, and neutral feedback was selected signif-
icantly more often than positive feedback after rejection.

Behavioral results

Regarding behavior, we found a significant effect of identity,
F(3,165)=17.69, p < 0.001, wg =0.106, ¢ = 0.546, and offer,
F(5,275) = 151.80, p < 0.001, wlz) = 0.728, ¢ = 0.545.
Furthermore, there was a significant interaction of identity
and block, F(21,1155) = 2.37, p = 0.014, wf, =0.023, ¢ =
0.407. The unexpected identity obtained significantly less ac-
cepted offers compared with the happy identity (p = 0.014)
and the content one (p = 0.045) but not compared with the
neutral identity (p = 0.666). Furthermore, the acceptance rates
for the happy (p = 0.002) and the content identity (p = 0.031)
were significantly higher compared with the neutral identity,
whereas happy and content identities did not differ (p = 1;
Figure 3). The comparison of the six offer sizes indicated
higher acceptance rates for higher offers. All offers differed

significantly (all values of p < 0.001), apart from 4 cents and 5
cents (p = 0.240). The significant interaction of identity and
block is displayed in Figure 4. In the first two blocks, accep-
tance rates did not differ significantly (all values of p > 0.715).
Beginning in the third block, the main effect of identity was
mostly stable across the remaining five blocks corroborating
the above findings. We found no significant effect for block,
F(7,385)=0.73, p = 0.572, € = 0.585; the interaction between
identity and offer, F(15,825) =1.59, p = 0.124, ¢ = 0.534; the
interaction between block and offer, F(35,1925) = 1.09, p =
0.354, ¢ = 0.419; and the three-way interaction of identity,
block and offer, F(105,5775) = 0.82, p = 0.718, ¢ = 0.239.

Electrophysiological results’

In the presentation task, we detected a significant effect of
emotion on N170 brain potentials, F(1,55) = 13.08, p =
0.001, wf) = 0.174, indicating that smiling faces evoked larger
N170 amplitudes compared with neutral faces. FRN am-
plitudes2 also showed a main effect of emotion, F(1,55) =
9.31, p = 0.003, w; = 0.127. The neutral facial expression
elicited larger FRN brain potentials compared to the smiling
face. Likewise, the main effect of emotion on P3 brain poten-
tials indicated larger amplitudes when a smiling compared
with a neutral face was presented, F(1,55) = 9.31, p = 0.003,
w% =0.127.

Regarding emotional feedback and N170 brain poten-
tials, the main effect of identity, F(3,162) = 21.35, p <
0.001, wg = 0.268, was qualified by a significant interac-
tion with decision, F(3,162) = 21.40, p < 0.001, wg =
0.269, ¢ = 0.873. The neutral identity evoked significantly
less negative amplitudes compared with the happy and the
unexpected identity (all values of p < 0.045). Furthermore,
the happy compared to the content identity evoked more
negative amplitudes (p < 0.001). No further comparisons
yielded significance (all values of p > 0.054). Within the
happy identity, the neutral face following rejection evoked
more negative amplitudes compared with the smile follow-
ing acceptance (p = 0.003). The neutral identity’s facial
expressions did not differ (p = 0.335). In contrast, the con-
tent identity’s smile following acceptance evoked signifi-
cantly more negative N170 brain potentials compared with

! We also analyzed the effects of the presented offers in the ultimatum game.
These results and a short discussion are outlined in the online supporting
information.

 We observed two peaks in the FRN time-window (Figure 2), and therefore
ran separate analyses on the two peaks (time-windows: 200-300 ms and 300-
400 ms). The results were almost identical to the analyses presented in the
Results section. Only within the second time-window, the interaction of iden-
tity and decision regarding emotional feedback was significant and not mar-
ginally significant, as reported in the Results. The direction of all effects did not
deviate from the analyses on the general time-window.
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Fig. 3 Average acceptance rates, depending on the identity of the
proposer. Each identity reacted with a characteristic pattern of
emotional facial expressions towards accepted and rejected offers. Data

the smile after rejection (p < 0.001). Regarding the unex-
pected identity, the smile following rejection evoked more
negative amplitudes (p < 0.001) compared to the neutral
face after acceptance. For the factor decision no effect
could be reported, F(1,54) = 1.72, p = 0.194.

Next, we found a significant effect of identity on FRN brain
potentials, F(3,162) = 4.62, p = 0.004, w% =0.061. The neu-
tral identity evoked significantly more negative amplitudes
compared to all other identities (all values of p < 0.039). We
examined a marginally significant interaction between identity
and decision, F(3,162) =2.59, p = 0.055, wf) =0.027. Within
the unexpected identity, the neutral face following acceptance
elicited more negative FRN brain potentials than the smiling
towards rejection (p = 0.013), as illustrated in Figure 5. No
further comparisons yielded significance (all values of p >

identity

points represent the mean acceptance rate of each subject per identity.
Error bars indicate standard error of the mean. *p < 0.05

0.271). Concerning the factor decision, no effect was found,
F(1,54) = 1.66, p = 0.203.

Finally, the main effect of identity on P3 brain potentials,
F(3,162) =5.39, p = 0.001, wg =0.073, £ = 0.896, was qual-
ified by a significant interaction between identity and decision,
F(3,162) = 5.39, p = 0.001, wg = 0.073. The neutral control
identity elicited significantly less positive P3 amplitudes com-
pared with all other identities (all values of p > 0.021). Within
the unexpected identity, rejection (i.e., a smile) evoked more
positive P3 amplitudes compared with acceptance (p = 0.001;
Figure 5). For the content identity, the smile toward acceptance
elicited more positive P3 amplitudes compared with the smile
following rejection (p = 0.032), whereas all other identities
showed no significant differences (all values of p > 0.278).
Decision did not show any effect, F(1,54) = 0.93, p = 0.339.
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& 055 L = neutral
2 \-\ ~ content
8 % - unexpected
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0.50 ‘ ~ 1
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Fig. 4 Average acceptance rates, depending on the block in the task and the identity of the proposer. The plot indicates learning curves as a significant
interaction of block and identity. Error bars indicate standard error of the mean.
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Fig. 5 Interaction of identity and decision in the feedback task. The first
row indicates the two-way interaction of identity and decision for N170,
FRN, and P3 brain potentials, respectively. The second row shows dif-
ference topographic maps for the unexpected identity. The unexpected
identity reacted with a smile toward rejection and a neutral face toward
acceptance. In the first column, rejection-acceptance at the minima for the

Discussion

We investigated behavioral and neural responses to different
proposer identities in a modified ultimatum game with emo-
tional feedback. As a novel contribution, the present study
focused on how socially unexpected feedback alters accep-
tance rates and underlying neurophysiological correlates.
Thereby, we were able to show the influence of emotional
feedback toward behavior in the ultimatum game, as initially
reported by Mussel et al. (2018). In the present study, partic-
ipants more often accepted offers coming from proposers who
smile toward accepted offers and who smile independent of
the responder’s decision. In contrast, acceptance rates were
lower for the neutral identity and the unexpected identity
who smiled upon rejection.

Descriptively, the unexpected identity reached the lowest
acceptance rate (52%) followed by the neutral (55%), the con-
tent (58%), and the happy identity (59%). According to our
assumptions, we were able to create an identity that altered
behavior, although by positive feedback toward rejection. The
unexpected feedback may be linked conceptually to personal-
ity traits, such as cynicism. Selfish and reckless attributes of
cynics (Dean, Brandes, & Dharwadkar, 1998; Graham &
Graham, 1990) could facilitate anger, sadness, and withdrawal
from social interactions (Greenglass & Julkunen, 1989).

identity

unexpected:
smiling face — neutral face

identity

unexpected:
smiling face — neutral face

N170 component (160 ms) at the P7 and P8 electrode sites is indicated. In
the second column, rejection-acceptance at the minima for the FRN (300
ms) at the FCz electrode site is indicated, and in the third column
rejection-acceptance at the maxima for P3 (333 ms) at the Pz electrode
site, respectively

Consequently, lower acceptance rates for the unexpected iden-
tity mirrored findings reported by Demerouti, Xanthopoulou,
and Bakker (2018), who investigated cynical behavior in an
employee-customer relation. The authors reported that cynical
employees showed more negative actions and reactions
toward customers, which subsequently led to less satisfied
customers. A second interpretation might be that a smile
after the rejection of an offer merely evokes aggression,
which could be intended to signal dominance, or that it
might appear simply odd or irritating. Furthermore, for
individuals who strive for the reward of a smiling face, the
rejection of offers coming from the unexpected identity
yielded immediate positive feedback in terms of
reinforcement learning. However, seeking reward would
lead to a loss of money, which would yield a strong conflict
as the reward of the smile goes along with the absence of a
monetary reward and vice versa. Finally, the meaning of the
smile could vary as a function of offer. As Niedenthal,
Mermillod, Maringer, and Hess (2010) state, a human face
expressing a smile is the most complex facial expression and
therefore may transport very complex messages. Possibly,
positive feedback following the rejection of an unfair offer
might be interpreted as some sort of apology by the proposer.

People encounter and learn from dyadic social interactions
over time. Therefore, we investigated learning curves across
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the blocks for the proposer identities in the ultimatum game.
As the interleaved design in the present task was rather com-
plex, the participants needed the first two blocks of trials to get
to know the distinct feedback patterns of the proposers.
However, after these two initial blocks, the acceptance rates
began to diverge. In the intermediate blocks, the identity with
the highest acceptance rate switched between the happy and
the content identity, both rewarding acceptance with a smile.
The neutral and the unexpected identity, both responding with
a neutral face to acceptance, steadily received the lowest ac-
ceptance rates. Interestingly, the unexpected identity obtained
continuously lower acceptance rates over the course of time.
Hence, social learning might imply that individuals use (un-)-
successful interactions to reevaluate the meaning of social
cues (Zaki, Kallman, Wimmer, Ochsner, & Shohamy, 2016).

In the mere presentation task, we found a frequently report-
ed effect of emotional valence on N170 brain potentials
(Almeida et al., 2014; Blau, Maurer, Tottenham, &
McCandliss, 2007; Blechert, Sheppes, Di Tella, Williams, &
Gross, 2012; Hinojosa, Mercado, & Carreti¢, 2015), as smil-
ing faces elicited more pronounced N170 amplitudes com-
pared with neutral ones. Regarding FRN, we observed that
neutral facial expressions compared to smiling ones elicited
more negative brain potentials. In line with the results reported
by Mussel et al. (2018), the FRN might signal the conflict
processing toward neutral faces, because they do not indicate
anegative or positive emotion. Furthermore, smiling faces are
inherently rewarding as compared to neutral facial expres-
sions. They can be interpreted as feedback stimuli, which are
better than expected and thus elicit a reduced FRN or a feed-
back positivity (Holroyd et al., 2008). Pronounced P3 ampli-
tudes for smiling faces might further indicate the benefits of a
smile, because it inherently might be more salient to an indi-
vidual compared with a possibly unimportant neutral facial
expression. At this point, we want to mention that the FRN
in both presentation and feedback task is somewhat noisy,
which might have occurred due to our relatively short inter-
stimulus interval (for discussion on the influence of inter-
stimulus intervals on P3 amplitudes see Sambeth, Maes, &
Brankack, 2004). We therefore point to evaluate the FRN
results with caution.

Concerning emotional feedback, we reported an effect of
valence on N170 brain potentials. Both the content and the
unexpected identity evoked more negative deflections
compared with the neutral control. However, the interaction
revealed that for the happy identity, the neutral face following
rejection elicited more negative amplitudes than the smile
following acceptance. In contrast, within the unexpected
identity, the smile upon rejection compared with the neutral
face upon acceptance evoked greater N170 amplitudes. Calvo
and Nummenmaa (2016) presume that the differentiation be-
tween emotional and nonemotional affective faces is based on
arousal. Thus, the N170 component might have indicated

@ Springer

arousal toward feedback after a subject rejected an offer pre-
ceding the valuation of its emotional valence. Positive and
neutral feedback after a monetary reward might not be that
arousing as the reward per se. However, feedback after
nonreward might add arousal to the monetary nonreward.
Because this effect only occurred when stimuli differed within
an identity, the relativity of rejection versus acceptance feed-
back might play a key role in this arousal component. Next,
the FRN results followed our predictions. We expected the
smallest FRN for unexpected positive feedback after rejecting
an (unfair) offer. Two different explanatory approaches are
discussed below. First, we will focus on the similarity between
the mere presentation task and the feedback effects. Second,
we will provide possible interpretations for the expected FRN
effect for unexpected positive feedback. The FRN results of
social feedback mirrored the findings of the presentation task,
because the control identity compared with the other identities
evoked more negative FRN brain potentials. In consequence,
the absence of emotional feedback seemed to evoke greater
conflict or a more negative evaluation compared with the oth-
er feedback patterns used in this study, which is in line with
previous research reporting enhanced FRN for conflict moni-
toring (Donkers & Van Boxtel, 2004). Moreover, the absence
of reward within the control identity might have caused pro-
nounced negativity compared with identities that reward either
acceptance or rejection with a smile. Bellebaum and Daum
(2008) showed that the FRN for expected nonreward in a
learning paradigm was significantly larger compared with ex-
pected reward. Accepting an offer from the unexpected iden-
tity did not lead to a rewarding stimulus compared with
rejecting an offer from this proposer (neutral face vs. smiling
face). Therefore, the larger FRN amplitudes for acceptance
feedback might reflect a conflict about the absence of expect-
ed positive feedback. Similar to the N170 results, the relativity
of acceptance versus rejection feedback might drive this ef-
fect. Whereas for the happy identity the positive feedback
upon acceptance and the neutral feedback upon rejection co-
incide with expectable behavior, the feedback pattern of the
unexpected identity contradicts expectations. Alternatively,
the smile invited subjects to reject offers, thus leading to a
decrease in FRN. Hence, participants could have aimed to
provoke the positive feedback of the unexpected identity,
which could be the reason for less negative brain potentials
toward the intended reaction ( Mussel et al., 2018).
Furthermore, individuals underlie an optimism bias (Sharot,
2011). A misprediction of future occurrences (i.e., the assump-
tion that the unexpected identity would sometime also smile
upon acceptance) might lead to a reduced processing of the
feedback towards an adverse event (i.e., loss of money), as the
social feedback was rewarding. Decreased FRN amplitudes
for the feedback smile might further indicate that the smile
was perceived as a polite apology of the proposer for his or
her unfair offer or an acknowledgement of having done
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something wrong. The reward-like neural response to the
smile might thus be interpreted as successful costly punish-
ment, i.e., the receiver renounced a financial benefit in order to
penalize the proposer for his or her unfair offer, and the emo-
tional facial expression of the proposer signals that the action
was successful.

Regarding P3 brain potentials, we found the expected larger
amplitudes for rejection feedback (i.e., a smiling face) of the
unexpected identity. Similar to the results of the FRN, P3 results
are first discussed in relation to the presentation task and then in
relation to the feedback evaluation. As in the presentation task,
smiling faces as feedback after accepted offers and the smiling
face after rejected offers of the unexpected identity showed larger
P3 amplitudes than the neutral faces. However, the smiling face
after rejection from the content identity deviated from this pattern
and showed P3 amplitudes of similar magnitude as the neutral
feedback faces. Hence, the context of feedback valence between
and within identities seems to alter its neural representation. The
increased P3 brain potentials for proposers who reacted
emotional with a smile to either acceptance or the smile after
rejection from the unexpected identity might indicate a
particular strong recognition of these identities. For instance,
Calvo and Beltran (2013) showed that P3 amplitudes for loved
faces were larger compared with babies, neutral, famous, and
unknown faces. Although not necessarily loved, the affective
proposers might be more likeable than the neutral control.
Furthermore, the unexpected identity’s smile upon rejection com-
pared with the neutral face following acceptance might reflect an
even stronger recognition as the smile was socially unexpected.

We briefly address some of the limitations of the present
study. First, we did not assess the concrete meaning of the
feedback smile following the rejection of an offer. We could
have asked the participants to rate each of the identities ac-
cording to social affective dimensions such as likeability and
trustworthiness. Second, a probably confounding factor when
interpreting the findings of the present study is that, according
to our manipulation check, smiling faces were rated as more
arousing, compared to neutral facial expressions. According
to Schupp, Markus, Weike, and Hamm (2003), ERPs are sen-
sitive to the arousal of a stimulus, independent of its valence.
Furthermore, Bradley, Greenwald, Petry, and Lang (1992) re-
ported that viewing time and the memorization of pictures is
also related to higher arousal, indicating enhanced attention
and encoding. Hence, an elevated level of motivational and
affective attraction by the smiling faces might have produced
some artificial effects, because they were physiologically
more relevant than the lower arousing neutral faces.

Conclusions

In the present study, we focused on the emotional influence of
an unexpected acting identity who reacted with positive

feedback (i.e., a smile) toward an adverse event, i.c., the re-
jection of an offer in the ultimatum game. The distinctive
character of this kind of interaction partner is accentuated by
obtaining lower acceptance rates compared with identities that
reward acceptance with a smile. Further evidence stems from
neural components, as FRN brain potentials indicate height-
ened negativity for the acceptance feedback coming from the
unexpected identity (a neutral face). Additionally, larger P3
brain potentials for the smile provided by the unexpected iden-
tity compared to the neutral face following acceptance indi-
cated subjective relevance. To sum up, we were able to show
that positive feedback does not necessarily have to be
interpreted as such, and by social framing, it could have dif-
ferent meanings, such as a friendly apology.
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