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Electrophysiological evidence
for sensitization effects elicited
by concurrent social threats

Michael Niedeggen*, Xu Fang?, Yu-Fang Yang! & Rudolf Kerschreiter?

Experiencing a social threat, such as social exclusion, is a painful event. In contrast to previous studies
providing insight into the processing of a single short-termed threat, we exposed healthy individuals
to the simultaneous onset of different social threats. This approach allowed us to track whether these
threats are processed independently—or whether they interact in a common system. Using a virtual
ball-throwing game (Cyberball), electrophysiological (event-related brain potentials, ERPs) and
behavioral (self-reports) responses were collected. We assigned undergraduates to three experimental
groups: single threat exclusion (n=24), single threat loss of control (n=26), and joint onset of both
threats (dual-threat, n=25). Self-reports indicated an increase in threats (i.e., in perceived exclusion
and loss-of-control) in the latter group. The ERPs disentangled the neural responses to each threat:

In the dual-threat group, the amplitudes of the P3 responses to exclusionary and intervention events
were enhanced. This indicates that individuals are sensitized to each of the threats when the other
threat is present simultaneously. Our findings support the theoretical notion of a common cognitive
system responding to violations in subjective expectations.

The assurance of fundamental social needs defines a prerequisite of mental health and well-being'. Besides safety
and acknowledgment, human beings long for social belonging and control*’. Threats to these social needs are
commonly reported as stressful and anxiety-provoking, and trigger palliative responses®*. Previous studies dem-
onstrated that behavioral and physiological responses to social threats can be modulated, for instance by social
primes®~’. The present research aims to answer a more fundamental question, namely whether the processing
of a social threat is modulated if it is accompanied by the experience of another—independent—social threat.

A direct test of this idea requires a setup that allows for the independent experimental manipulation of dif-
ferent social threats in a single experimental setting. We took advantage of the established Cyberball paradigm?®:
Here, the participant is informed to be connected to two (putative) co-players represented as avatars on a com-
puter screen. The participant, also represented as an avatar, is instructed to visualize the ball-throwing game
mentally and to pass the ball—when received—to one of the co-players.

The Cyberball paradigm is commonly used to induce a threat to the need for belonging: If the probability of
ball reception is reduced, participants reliably report feeling of exclusion’. A slight modification of the paradigm
induces a selective threat to the need for personal control—here defined as the ability to select options™: In this
recently introduced intervention Cyberball'}, the participant remains included in the game, but the participant’s
decision on the recipient of the own ball throw is casually overruled by a putative supervisor. The specificity of
the experimental manipulation has been validated by commonly used self-report scales (NTQ, Need-Threat-
Questionnaire,'?). Here, the unpredictable intervention did not affect the feeling of belonging—but elicited a
selective threat to control.

Notably, although the need to belonging and the need for control are both basic human needs, they also differ
in several respects: For example, belonging is closely tied to social interaction and in the experimental situation
threatened by the behavior of the co-players. In contrast, a loss-of-control is not necessarily associated with social
interaction but would also be experienced as a threat in a non-social context. Interestingly, despite this difference,
a common affective and behavioral response pattern has been reported: Threats to social needs trigger aversive
arousal and compensatory efforts which reflect themselves in assimilation'? or affirmation'. This similarity is in
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line with overarching uncertainty models, such as the meaning maintenance model'® which predicts that viola-
tions of subjective beliefs and expectations motivate people to dispel the resulting aversive arousal.

Uncertainty models imply that the processing of different threats relies on the activation of a common neural
network!®. Although the findings of neuroimaging studies are controversially discussed"’, electrophysiological
studies indicated that different threats trigger comparable cognitive processes: Both, the onset of exclusion'®"
and the onset of a loss-of-control'! elicit an increase in amplitude of a well-known component in the event-related
brain potentials (ERPs), the P3. The increase in amplitude—further labelled as P3-effect—does not merely reflect
a change in the probability of relevant events®, but critically relies on a violation of the participants’ subjective
expectancies on social participation and control, respectively*"*%. In line with this idea, experimental manipula-
tion of the level of subjective expectation, for instance by a differential self-assignment of social power?, also
affects the expression of the P3-effect. Importantly, this moderation can be consistently observed for a violation
of expected participation (exclusion Cyberball,® or expected control (intervention Cyberball,'). In other words,
changes in the P3 reflect deviances in a subjective belief system that seems to be related to a common cognitive
system?*,

However, it is unclear whether the experience of a social threat affects the sensitivity to a different social
threat. Experimental approaches mostly follow a ‘social priming’ approach: The effect of a precedent condition
on the processing of a following threat is examined>”*. In contrast, combining the established exclusionary
Cyberball setting with the intervention option'! allows us to examine the interaction of two threats in one set-
ting. Since both threats are related to separate events in the ball-throwing game, the reduced probability of ball
reception (exclusion) and causal interventions in the participants’ decision (control), ERPs can be applied to
disentangle the immediate neural responses. Specifically, the P3 will provide a probe for expected participation
and decisional autonomy, respectively.

Based on this experimental setup, we asked: Is the sensitivity to social exclusion increased if a loss of control
(here: intervention) is experienced simultaneously, and vice versa? We hypothesized that a selective threat to
the need for “belonging” (induced by exclusion) and a selective threat to the need for “control” (induced by
intervention) will predominantly affect the corresponding scales in the post-hoc questionnaire (NTQ). A joint
onset of both threats was assumed to increase the effects on both scales. This hypothesized interaction effect
is proposed to rely on the sensitization of a common cognitive system involved in the processing of different
inconsistencies'¢. The corresponding neural dynamics activated by the joint onset of two threats will affect the
expression of the P3-effect reflecting violations of subjective expectancies®® . Correspondingly, we hypothesized
that the P3-effect related to the transition-to-exclusion is more expressed if a loss of control is experienced
simultaneously, and vice versa.

The implication of the hypothesized interaction is of practical relevance: Negative life events which contribute
to the development of anxiety and depression disorder?” are usually defined by the threat to multiple needs.

Methods
The experimental procedure was approved by the Ethics Committee of the Department of Education and Psychol-
ogy, FU Berlin (N0.006.2019, May 15, 2019) and written informed consent was taken/obtained in all participants
according to the Declaration of Helsinki.

All data (self-reports, pre-processed EEG data), program, and analysis codes are available in a data repository
(https://osf.io/kad5t/?view_only=28a0f79c140f443aabaa2889bc3e296d).

In this manuscript, we report all measures and effects of the experimental manipulations. The exclusion
criteria are detailed below.

Participants. The sample size was determined a priori using G*Power?. The calculation was focused on
the effect hypothesized for the ERP data, namely the P3-effect elicited by a transition to a social threat. It was
assumed that a transition to exclusion and intervention, respectively, will induce a P3-effect. A joint onset of
threats will lead to a significant increase of the P3-effect. Consequently, our analysis was focused on an interac-
tion effect of a between-factor “threat combination” (three experimental groups) and a within-factor “experi-
mental block” (two blocks). Based on a previous study with a similar design®, we assumed a corresponding
medium-sized effect (f=0.20 adjusted to the taxonomy of Cohen) for the hypothesized interaction. To detect
such an effect with a power of 80% and an alpha at 0.05, a sample size of 66 participants was required.

As indicated in previous ERP cyberball*~, a rejection rate of approximately 20% had to be considered.
Accordingly, a total sample of 93 participants (71 female, 22 male, age range: 18—36 years) was recruited. All
participants were undergraduate students from the FU Berlin (see Sect. “Limitations”). Participants were ran-
domly assigned to the three experimental groups (EG,,: exclusion-only, EG;, intervention-only, EG ompined:
exclusion +intervention). Following a rigorous artifact rejection in EEG analysis (criteria are described in sec-
tion: Data analysis), data of 18 participants (16 female, 2 male, mean age: 23.9, SD: 5.29) had to be rejected. The
final sample comprised 75 participants (55 female, 20 male, mean age: 23.13, SD: 4.65). Experimental group 1
(EGeyq) included 24 participants (16 female, 8 male, mean age: 24.71, SD: 5.60), experimental group 2 (EGy,,)
included 26 participants (18 female, 8 male, mean age: 22.42, SD:4.25), and experimental group 3 (EG ,mpined)
included 25 participants (21 female, 4 male, mean age: 22.36, SD:3.77).

Task and design.  All participants were provided with a cover story: According to the written instructions,
they took part in a study on visual imagination abilities. While playing the upcoming ball throwing game, they
had to imagine either a beach scenario (“Imagine that you and your fellow players play the ballgame on the
beach.”) or a meadow scenario (“Imagine that you're playing the ballgame on a meadow.”). To support this cover
story, a corresponding questionnaire had to be filled out (Vividness of Visual Imagery Questionnaire,™).
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The experimental procedure was programmed in PsychoPy2 (version V1.85.6°%) and was based on a cyber-
ball game adapted for ERP recording'®. The setup of the following cyberball game included the intervention
condition'!. Figure 1A depicts the visual display: The participant was putatively connected with two co-players
via the internet, and all players were represented by three avatars on the computer screen (7°x7° at a viewing
distance of 120 cm). The avatar of the participant was always placed centered on the computer screen horizon-
tally and below the avatars of the putative co-players vertically. The vertical position of the avatars of the two
putative co-players was centered. The spatial distance between the avatars was held constant (3°) in each of the
experimental conditions. To strengthen the intended binding, participants were asked to select an avatar of their
choice before the game started?.

The ball was represented by a corresponding symbol on the display. If it was presented in spatial proximity
to the participants’ avatar, it signaled ball possession. In this case, it had to be forwarded to one of the co-players
by pressing a corresponding button on a keyboard (‘G’: ball to left co-player, ‘H’: ball throw to right co-player).
Following the button pressed, the ball vanished for 500 ms and re-appeared in spatial proximity to a co-player’s
avatar. To simulate the temporal variability of a decisional process of the co-players, their ball possession lasted
randomly between 400 and 1.400 ms. Then, the ball vanished for 500 ms and reappeared near the position of
another avatar. Participants were allowed to follow the position of the ball (range of ocular movements: max.
2°) and to make eye blinks, if necessary. Otherwise, eye movements should be avoided. The participant’s head
was stabilized by a chin rest.

The practice trials (10 ball throws, ball reception probability: 0.3, no intervention) were followed by two
experimental blocks each comprising 250 trials. Completion of one block took approximately 10-12 min. The
variance is due to the fact that speeded response was not required. Between the successive blocks, a short break
(3 min) was included. To support the cover story, each experimental block was preceded by a picture of the
environment to be visualized (meadow or beach, presented in counterbalanced order) and the corresponding
written instruction. Furthermore, all participants—independently of the assignment to an experimental group—
were informed that an independent ‘supervisor’ might intervene in the decision of the players. Interventions
will result in ball possession of the non-intended co-player: In other words, the ball will not be forwarded to the
co-players addressed by the corresponding button press. It was also mentioned that the supervisor is not one of
the co-players involved in the game. As mentioned above, this manipulation was intended to threaten the need
for control selectively'!.
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Figure 1. (A) Setup and Design. On the computer screen, three avatars represented the participant (middle
position) and the two putative co-players. The symbol of the ball in spatial proximity to one avatar signaled

the possession of the ball. Each participant ran through two blocks of the Cyberball game. In block 1, all
participants were included and no interventions occurred. In block 2, participants were either partially excluded
(EG¢ye» indicated by red dot), overruled (EGy,, indicated by red arrow), or received both threats (EG ympined>
indicated by red dot and arrow). (B) Effects on the self-report scales. Mean values refer to the difference between
block 2 and block 1. In the NTQ scales of interest (belonging, control) as well as in negative mood, the onset of
joint threats (EG gmpinea: red dot and arrow) induced more-pronounced effects. The difference values computed
for ratings on the scales ‘belonging’ and ‘control’ confirmed the specificity of the experimental manipulation.
The asterisk indicates a significant difference between experimental groups.
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In block 1 of the cyberball game, social involvement and control were comparable for all experimental groups:
Ball reception of the participant was set at 33% defining an inclusionary condition (defining 82 trials for EEG
analysis). The supervisor did not intervene and intervention probability was set at 0% defining high personal
control (82 trials). In block 2, participants assigned to EG,,, were partially excluded, and the probability of ball
reception was slightly reduced to 22% (55 trials), but the probability of intervention remained 0% (55 trials).
Participants in EG;,, were still included (82 trials), but the supervisor casually overruled the participants’ decision
on the recipient of the ball throw with an intervention probability of 30% (57 trials). In EG_yypines> bOth threats
were combined: ball reception probability was reduced to 22% (55 trials) and intervention probability was set at
30% (38 trials). Please note that the number of trials provided in brackets refers to the number of events foreseen
for EEG analysis: The event “ball reception of the participant” served as a probe for the processing of exclusion,
and “ball reception of the intended co-player” served as a probe for the processing of intervention.

Following the completion of the second block of the cyberball game, participants had to estimate the fre-
quency of ball receptions and intervention in both blocks (manipulation check). Moreover, they had to fill out
the NTQ®** measuring the threat to four social needs (belonging, self-esteem, meaningful existence, and control).
Negative mood was measured using an eight-item adjective list (e.g. “I felt sad” or “I felt angry”,*). Additional
four items were related to two forms of power, namely social power (two items, i.e. I felt in charge of others) and
personal power (two items, i.e. I felt independent,*). In all self-report scales, participants had to estimate the
change in threat, mood, or estimated power, respectively, on a 7-point Likert scale (“-3” = much stronger in block
1 to “3” =much stronger in block 2). The relative rating reduces the mnestic affordance, and has been success-
fully applied previously®. Note that the results section will focus on the social needs selectively addressed in our
experimental design (belonging, control), and on negative mood. The data of the remaining self-reports—which
did not reveal a significant interaction of the experimental factor ‘group’—can be found in the repository.

Following the completion of the questionnaire, participants were debriefed: They were informed that the
experiment focused on the effects of social exclusion and intervention. The behavior of the virtual co-players and
supervisor followed an experimental protocol. The necessary deception regarding the goals of the experiment
required that written consent has been asked for at the beginning and the end of the experiment. The completion
of the experiment—including the electrode montage—required approximately 90 min.

The choice of a within-participant design is largely based on the electrophysiological methods included in
this study: To estimate the ERP effects of exclusion, respectively a loss-of-control, as a reliable baseline must be
provided (here: block 1). This baseline allows us to estimate the effects of a transition to a social threat. The use
of a between-participant design will result in a marked reduction in sensitivity®.

EEG recording. EEG was recorded at eight active electrode sites (AFz, Fz, F3, F4, Cz, Pz, P7, P8) using Ag/
AgCl electrodes embedded in an elastic cap (EASYCAP, Herrsching, Germany; Brainmps amplifier, BrainProd-
ucts, Gilching, Germany). Impedance of active electrodes was kept below 10 kQ) and the signals were referenced
to linked earlobes, with FCz serving as ground. EEG data were recorded continuously and sampled at 500 Hz.
Online, the EEG signal was band-pass filtered (0.1-100 Hz) and the effect of AC hum was reduced by applying
a notch filter (50 Hz). Ocular artifacts were controlled by recording vertical and horizontal electrooculograms
(EOG).

‘Vision Analyzer’ (Version: 2.1, Brain Products, Gilching, Germany) was applied for offline EEG analysis.
Following a bandpass filtering (0.3-30 Hz, 24 dB/Oct) of the EEG data, EEG signals were epoched (-100 to
800 ms) separately for the two experimental blocks based on the two events defined above: ERPs to the event
“ball reception of the participant” respond to exclusion and ERPs to the event “ball reception of the intended
co-player” respond to intervention. The P3 response to the event ‘ball reception of the participant’ served as
a reliable probe of the participants’ state of expectancy®?. Its dynamics can be related to systematic changes in
state expectancy?®. This process is the subject of our hypothesis. The ERP responses triggered by the event “ball
reception of the intended co-player” are less established!!, but follow the same rationale: The transition to a loss
ofcontrol (Block 1 to Block 2) reduces the probability of events, and triggers a violation of expectancy.

EOG channels of the baseline-corrected trials (—100 to 0 ms) were automatically controlled for ocular artifacts
(EOG>50 uV). Trials with ocular artifacts were rejected from the analysis. In a second semi-automatic artifact
rejection, trials were first marked if an amplitude threshold was exceeded (EEG > 75 p¢), and rejected if this was
due to high alpha activity or movement artifacts. In a final manual correction, EEG trials were analyzed for slow
linear drifts affecting the baseline period, or high-frequency bursts. Following the rigorous artifact rejection,
trials were averaged separately for the different experimental blocks. As in previous studies, data of a participant
were discarded from analysis if an averaged ERP signal relied on less than 15 trials. For the event ‘ball reception
of the participant, the mean number of trials included in the analysis was 46.7 (SD: 12.5) in block 1 (rejection
rate: 43%), and 29.7 (SD: 13.72) in block 2 (rejection rate: 46%). For the event ‘ball reception of the intended
co-player, the mean number of trials included in the analysis was 51.8 (SD: 12.8) in block 1 (rejection rate: 37%),
and 26.1 (SD: 9.13) in block 2 (rejection rate: 48%).

In a subsequent analysis, the number of EEG segments in the condition “ball reception” in block 1 was
adjusted to the number of segments in the condition “ball reception” in block 2 by random selection. This
procedure was also applied to the condition ‘ball reception of the intended co-player. The critical interactions
(“Group” x “Block”) reported in the following do also hold if one considers the differences in the signal-to-noise
ratio between the ERPs in block 1 and block 2. The corresponding data are available in the data repository, and
the results of analysis in the supplement.

Data analysis. Questionnaire data. 1In a first manipulation check, we tested whether the changes in the
probability of ball reception and intervention were remarked by the participants. To this end, the estimated fre-
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quency of ball reception was analyzed by running a two-factorial ANOVA including the between-factor ‘group’
(EGexa VS EGeompinea: both including a transition-to-exclusion) and the within-factor ‘block’ (block 1 vs block 2).
Accordingly, the estimated frequency of intervention was analyzed including the between-factor ‘group’ (EG;,, vs
EGcombinea: Doth including a transition-to-intervention) and the within-factor ‘block’ (block 1 vs block 2).

To test whether the experimental manipulations (exclusion and intervention, respectively) elicited a specific
pattern of social threat, the difference score between the ratings of the NTQ scales ‘belonging’ and ‘control’ was
computed for each participant (Belonging—Control). The transition to exclusion was assumed to elicit a posi-
tive value, whereas the increase in the intervention frequency should trigger a negative value of the difference
score. The differences scores were analyzed by running a one-factorial ANOVA including the between-factor
‘group’ (EGeyq V8 EGiy V8 EGeompined)- Significant differences between the single-threat groups (EG., vs EGyy,)
will confirm that the exclusionary cyberball primarily affects the need for ‘belonging’ whereas the intervention
cyberball primarily affects the need for ‘control.

The three single scales of interest (belonging, control, and negative mood) were analyzed separately by run-
ning a one-factorial ANOVAs including the between-factor ‘group’ (EG..q Vs EGiy; Vs EGompined)- Please note,
that the self-reports are already based on the differential rating (change from block 1 to block 2, see above).

In the final step of the analysis, the correlation of the NTQ self-report scales ‘belonging’ and ‘exclusion’ was
tested (Spearman correlation coeflicient) separately for the experimental groups. Additionally, the modulation
effect of negative mood was considered by computing the partial correlation coefficient. For statistical analysis,
SPSS (version 27, IBM) was used. In case of a significant interaction in an ANOVA, post-hoc comparisons were
run.

ERP data. 'To determine the time regions for statistical analysis, grand-averaged ERPs responses to the event
‘ball reception/participants’ and ‘ball reception/intended co-player’ were computed for the difference waves
between block 2 and block 1—independently of group assignment. The difference waves were chosen to extract
the effect of the transition. For the resulting ERPs, the global field power index was determined, and local max-
ima in the time range 300 to 500 ms were identified. Please note that the choice of the time range relies on previ-
ous results: Previous research on the exclusionary cyberball®” reported latencies of P3 amplitudes as triggered
by ball reception between 320 and 420 ms. The same applies to the P3 responses in the intervention cyberball'’.
As for the condition ’ball reception/participant’ (serving as a probe of expected participation), a first local maxi-
mum was identified at 320 ms, followed by a second—more sustained—maximum starting at 390 ms. Consider-
ing interindividual differences, the first temporal window was defined in the time range 290 to 350 ms referring
to an early P3 response, and the second temporal window in the time range 360 to 420 ms window referring
to a late P3b-like response. As for the condition ‘ball reception/intended’ (serving as a probe for the expected
control), a first local maximum was identified at 220 ms. A subsequent local maximum was identified at 370 ms,
and was covered by the corresponding temporal window extending from 340 to 400 ms.

For each of these time windows defined above, mean amplitudes were computed for the participants’ ERP
data separately for the experimental condition ‘block’ and electrodes. Due to the more sustained expression of
the P3 component, a reliable peak identification of the components was not possible.

Besides of the a priori defined analysis of the P3, the grand-averaged data also indicated that two more com-
ponents—previously related to the processing of social exclusion—were expressed in our data: For both events,
‘ball reception of the participant’ as well as ‘ball reception of the intended co-player; a transient negativity at
about 170 ms was identified. This N2 response has been previously related to conflict monitoring (for review,
see’’). Based on the global field power, a temporal window from 140 to 200 ms was defined for this component.
For the event, ‘ball reception of the intended co-player, the grand-averaged ERPs indicated a transient positivity
at about 220ms. According to the latency, the positivity qualifies as a P2 component which has been related to
changes in attentional allocation®, as well as to reward processing®. Based on the global field power, a temporal
window from 190 to 250 ms was defined for this component.

The exported amplitude data of the ERP components were analyzed separately running 3 x2 x4 ANOVAs,
including the between-participant factor ‘group, and the within-participant factors ‘block’ and ‘electrode’. The
latter factor comprised the four midline electrodes (AFz, Fz, Cz, and Pz) to account for the shift of topography
in the caudal dimension. The ANOVA results are reported with Greenhouse-Geisser corrected degrees of free-
dom and p-values. Post-hoc comparisons were motivated by significant interactions of the experimental factors.

Results

Manipulation check and validation of threat-specific response in self-reports. The two experi-
mental groups experiencing a transition-to-exclusion noticed a reduction in ball reception probability: In EG,,
(exclusion-only), estimated probability for ball reception dropped from 34.2% (SD: 12.4) in block 1 to 18.6%
(SD: 5.2) in block 2. In EGppinea (exclusion +intervention), a corresponding effect was observed between block
1 (29.5%, SD: 6.5) and block 2 (16.7%, SD: 6.8). The effect of the factor ‘block’ was significant, F(1,47) =96.96,
p<0.001, n,2=0.674—but was not modulated by the factor ‘group, F(1,47)=0.81, p=0.374, n,> =0.017. In the
experimental group not experiencing a transition-to-exclusion (EG;,,), estimated ball reception remained stable
(Block 1: M=32.1%, SD=9.6, block 2: M=28.8%, SD=7.9).

For the two groups experiencing a transition-to-intervention corresponding effects were observed: EGyy,
(intervention-only) remarked an increase in intervention probability from block 1 (5.5%, SD: 7.7) to block 2
(26.6, SD: 18.2). In EGypinea the perceived increase from block 1 (4.2, SD: 8.1) to block 2 (33.6, SD:16.2) was
slightly more expressed. As expected, the effect of the factor ‘block’ was significant, F(1,49)=131.22, p<0.001,
n,>=0.728. However, the effect was not significantly modulated by the factor ‘group; F(1,49)=3.18, p=0.081,
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n,>=0.061. In the experimental group not experiencing a loss-of-control in the second block (EG,y), estimated
interventions were slightly enhanced (block 1: M=11.3%, SD =18.6, block 2: M =18.9%, SD=7.9).

To validate whether the experimental manipulation in our three experimental groups leads to a specific threat
of belonging and control, we first analyzed the specificity of the response in the NTQ questionnaire. To this end,
the difference score between the rating for the two scales, belonging and control, was computed in each par-
ticipant (see Table 1, Fig. 1B). The descriptive values indicated a differential response pattern depending on the
manipulation: Specifically, a threat to the need for ‘belonging’ was more expressed in EG,,, whereas a threat to
the need for ‘control’ was more pronounced in EG;,.. A joint onset of the threats (EG_ ,pinea) induced a slight dom-
inance of a threat to the need for ‘belonging. The ANOVA signaled a significant difference between the groups,
F(2,72)=5.56, p=0.006, n,>=0.134. Post-hoc comparisons confirmed a differential response in the two scales
when comparing EG,, and EG,, F(1,48) =8.86, p =0.005, 1),>=0.156., and EG;, and EG_opinea> F(1,49) = 6.06,
p=0.017,1,2=0.110. No differences were obtained when comparing EG,. Vs EG ompinea: F(1,47) =0.801, p=0.375,
n,>=0.017. The results confirm that the exclusion condition primarily affects the response on the scale ‘belong-
ing) and that the intervention condition primarily affects the scale ‘control’

Self-reports. As depicted in Fig. 1B and Table 1, the expression of the self-reported threat to the different
needs was differently affected by the experimental manipulation.

As for the scale ‘belonging], the mean threat was more expressed by a transition to exclusion, and this effect
was further increased by the joint onset of both threats in block 2 (EG_ompined > EGexa > EGing)- Significant dif-
ferences between the groups were signaled by the ANOVA, F(2,72) =4.90, p=0.010, n,>=0.120. Post-hoc com-
parisons revealed a significant difference exclusively between EGy,, and EG_,mpines> F(1,49) =10.19, p=0.002,
n,2=0.172. In contrast, no significant difference was observed for the remaining contrasts: EG..q and EGy,,,
F(1,48)=3.55, p=0.066, 1,2 =0.069, and EG,q and EG ompinea» F(1,47) =1.22, p=0.275, 1,2 =0.025.

A corresponding pattern was observed for the scale ‘control’: The mean threat was increased by the onset
of intervention, but the effect was amplified by the joint onset of two threats (EG ympined > EGint > EGeya)- The
significant effect in the ANOVA, F(2,72) =5.01, p=0.009, n,>=0.122, triggered post-hoc comparisons. Here, a
significant difference was confirmed between EG.y and EGcompiness F(1,47) =8.12, p=0.006, n,>=0.147. Other
pairwise comparisons were not significant: EG,q and EG,,, F(1,48) =2.30, p=0.136, 1), =0.046, and EG;, and
EG ombineas F(1,49) =3.67, p=0.061, 11,2 =0.070.

Since a threat to social needs is associated with negative arousal, the effects of the experimental manipula-
tion on the negative mood were also considered. The values indicated that exclusion elicited a stronger negative
mood as compared to a loss of control and that this effect was enhanced by the experience of both social threats
(EGombined > EGexa > EGyy). The ANOVA, however, did not indicate significant differences between the three
experimental groups, F(2,72) =2.88, p=0.063, npz =0.074.

In the final step of the analysis, the correlations between the expression of the reported threats to social needs
were examined (rgg; cont). Moreover, it was examined whether the relationship between belonging and control
was moderated by negative mood (partial correlation coefficient: rgg; conram)- In both experimental groups
experiencing the transition to a specific threat, the correlation between the self-reported threats to ‘belonging’ and
‘control’ was markedly reduced if negative mood was considered (EG.,q: I'gg;, conr = 0.456 VS Tpgr contnm = 0.040,
EGiy¢ Ipercont = 0.239 Vs Ipgp cont-nm = 0.046). In contrast, the joint onset of both threats in EG pineq elicited a
significant correlation between the self-reported threats to ‘belonging’ and ‘control’ (ryg; conr =0.558, p=0.004)
that was only slightly reduced if the factor ‘negative mood’ (rgg; conrnm = 0.502, p=0.012) was considered.

M SEM, Confidence interval (95%) Correlation
Belonging | Control Neg Mood | A(Belong-Control) | rgg;cont | TBELCONT-NM
EG.* 0.77 (0.20) 0.32 (0.15) 1.50 (0.63) 0.46,0.19 0.456 0.040
excl 0.37,1.18 0.03,0.61 0.24,2.76 0.07,0.84 p=0.025* | p=0.855
EG.** 0.23 (0.20) 0.63 (0.14) 0.81 (0.61) -0.40, 0.19 0.239 0.046
int -0.16,0.62 | 0.35,0.91 -0.40,2.02 | -0.03, -0.77 p=0.239 p=0.827
EG e | 1.10(0.20) | 0.97(0.15) |2.86(0.62) |0.23,0.19 0.558 0.502
combined 0.70, 1.50 0.66, 1.26 1.63,4.10 —-0.15,0 .60 p=0.004* | p=0.012*

Table 1. Descriptive statistics for the self-reports in the NTQ and negative mood scale separated for the
three experimental groups: Data for the scales ‘threat to belonging), ‘threat to control, and ‘negative mood’
refer to the differential rating (block 2 vs block1) with positive values indicating a higher expression in block
2. Significant effects depending on group assignment were obtained for the scales ‘belonging’ and ‘control.
The difference value (rating for scales ‘belonging’—‘control’) indicates the specificity of the experimental
manipulation which is confirmed by a significant difference between the groups EG,, and EG,.. The first line
in each cell provided the mean and standard error of mean (SEM), and the second line provided the upper
and lower limits of the confidence intervals (95%). The last two rows show the correlation between the two
NTQ scales. To account for a mediating effect of negative mood, the last row shows the partial correlation
(rper, cont-nmy- (PEGexq = Experimental Group / Exclusion, **EG;,, = Experimental Group / Intervention,
*EG ombined = EXperimental Group / Combined Exclusion and Intervention).
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ERP effects: Ball reception of the participant. To register the processes elicited by a transition-to-
exclusion, and to probe the state of the expected participation, the change in the P3 responses elicited by the
event ‘ball reception of the participant’ has been used?. Figure 2 (upper panel) shows the effects for the three
experimental groups: Following a transient negativity at 180 ms, a sustained positivity extending from 200 to
500 ms was observed consistently. The global field power indicated two maxima in this time range which were
analyzed (see Sect. “Methods”): An early P3 range (290-350 ms) followed by a late P3 segment (360-420 ms)
covering the P3 maximum. Moreover, the first negative (N2) was analyzed a posteriori.

The amplitude level of early P3 was found to be enhanced when comparing block 1 and block 2 in EG_gppined
(see Table 2). In the other groups defined by the onset of a single threat, the level of the P3 amplitude remained
unchanged (EG,,), or was slightly reduced (EG,,;). The ANOVA did not reveal a significant main effect of the
factor ‘block; F(1,72)=3.61, p=0.061, n,>=0.048, but confirmed a significant interaction of the factors ‘group’
and ‘block; F(2,72) =18.68, p<0.001, npz =0.342. In the following post-hoc-tests, the expression of the P3-effect
(block 2 vs. block 1) was compared between the blocks. Confirming the descriptives, the P3-effect was signifi-
cantly larger in EG,ppinea 3 compared to EG,, F(1,47) =13.44, p <0.001, n,?=0.222, and also as compared to
EG;,» F(1,49)=55.01, p<0.001, npz =0.529. No differences were found between EG,, and EG,,,, F(1,48)=2.74,
p=0.104, n,>=0.054. Please note that the critical interaction was not modulated by the position of the midline
electrodes, ‘block’ x ‘group’ x ‘electrode’ F(2.74,98.65) = 2.28, p=0.089, 1,2 =0.062.

As for the late P3, the amplitude increase related to the reduced ball reception probability was mostly
expressed in EG ,mpinea (See Table 2). In EG,,, a slight increase was observed, whereas the P3 was reduced in
block 2 in EG,,,.. As for the early P3, no main effect of ‘block was obtained, F(1,72) =3.29, p=0.074, n,2=0.044, but
a significant interaction with the group assignment, F(2,72) =15.02, p <0.001, n,*=0.294. Post-hoc comparisons
focused on the differential expression of the P3 effect (block 2—block 1): The increase of the P3 from block 1 to
block 2 in EG,mpinea Was significantly larger as compared to EG,,, F(1,47) =6.94, p=0.011, n,>=0.129, and as
compared to EG;,,, F(1,49) =38.26, p<0.001, r]pz =0.438. Moreover, the effect differed between EG,,, and EG,,,
F(1,48)=6.18, p=0.016, nPZ =0.114. As for the early P3, the critical interaction between ‘block’ and ‘group’ was
not modulated by the position of the midline electrodes, F(2.96,106.6) = 1.36, p=0.259, n,>=0.036.

A posteriori, the ERP effects were correlated with relevant scales of the self-reports: The expression of the
early P3 effect was not correlated with the self-reported threat to belonging (r=-0.211, p=0.069) or with the
change in negative mood (r=0.107, p=0.360). The same held for the expression of the late P3 effect which was

‘ ERP effect: Ball reception of the participant ‘
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| ERP effect: Ball reception of the intended co-player |

Figure 2. ERP effects at centro-parietal electrode leads (electrodes clustered). Upper vs. lower panel: The upper
panel contrast the ERPs elicited by the event “ball reception of the participant” in block 1 (black trace) and
block 2 (red trace). The probability of ball reception is provided in the figure. The lower panel presents the ERPs
elicited by the event ‘ball reception of the intended player’ following the participants’ ball possession. Block

1 (black trace) and block 2 (red trace) are contrasted, and the probability of the intended event is provided in
the figure (p=0.7 refers to an intervention probability of 0.3). Left vs. central vs. right panel: The ERP effects

for both events are depicted separately for the three experimental groups (EG,,: left panel, EG;,, central

panel, EG_ynpineq right panel). The time windows considered for the analysis of the P3 effects are highlighted.
The asterisks indicate that the P3 effect (block 2—block 1) is significantly enlarged in the group EG,qmpined @S
compared to both, EG,, 4 and EG ;.
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Event: ball reception Event: ball reception intended
participant co-player

290-350 ms | 360-420 ms | 190-250 ms 340-400 ms
Early P3 Late P3 P2 P3

EGexa
Exclusion-only

3.80(0.47) 4.22 (0.65) 2.06 (0.35) 0.70 (0.33)

Block 1

2.86,4.74 2.93,5.51 1.37,2.76 0.40, 1.36
Block 2 3.77 (0.62) 4.77 (0.75) 1.95 (0.43) 0.18 (0.52)
2.55,5.00 3.28,6.26 1.09, 2.81 -0.85,1.21
EGip
Intervention-only
Block 1 3.79 (0.45) 3.99 (0.62) —-1.37(0.34) —.012(0.32)
2.89, 4.69 2.76,5.23 0.70, 2.04 -0.75,0.51
Block 2 2.63 (0.59) 2.43(0.72) 2.22(0.41) 0.72 (0.50)
1.45,3.81 1.0, 3.86 1.38,3.04 -0.27,1.72
EGeombined

Exclusion + Intervention

4.16 (0.46) 4.85 (0.63) 2.36, (0.34) 0.43 (0.32)

Block 1

3.24,5.08 3.59,6.12 1.68, 3.05 -0.22,1.07
Block 2 6.87 (0.60) 7.67 (0.73) 3.54 (0.42) 3.05(0.51)
5.66, 8.07 6.21,9.13 2.70,4.38 2.04, 4.06

Table 2. Mean amplitudes (uV), SEM (in brackets) and confidence intervals (lower and upper limits, 95%) of
the ERP effects. Data are separated for the ERP responses to the events “ball reception of participant’ and “ball
reception of intended co-player”. For each of these events, the values are provided for the time ranges related to
the relative maxima.

neither correlated with the self-reported threat to belonging (r=-0.204, p=0.079) nor with the change in nega-
tive mood (r=0.093, p=0.478).

The a posteriori defined N2 component was not modulated by the experimental manipulation: Its amplitude
was not significantly affected by the transition (factor ‘block’), F(1,72) =3.25, p=0.076, np2 =0.043, or by an
interaction of transition and group assignment, F(2,72) =0.96, p=0.390, n,>=0.026.

ERP effects: Ball reception of the intended co-player. To probe the expectancy of an intervention,
ERP analysis focused on the event ‘ball reception of the intended co-player; i.e., the trials in which the supervisor
did not overrule the decision of the participant on the recipient of her/her ball throw. In block 2, this expected
decisional autonomy was challenged in EGy,; and EG_ypined-

Figure 2 (lower panel) depicts the grand-averaged ERP responses separated for the experimental groups.
A transient negativity at 180 ms (N2) is immediately released by a transient positivity with a peak at 220 ms.
Whereas a return to baseline level is observed in EG,,y, a second positive deflection between 250 and 400 ms is
expressed in EG;,; and EG_,pinea—predominantly in block 2. As mentioned above, the global field power of the
difference waves (A(block 2—block 1)) indicated the first maximum at 220 ms followed by a local maximum at
370 ms. This second activation corresponds to the hypothesized P3 effect, and its expression was analyzed in the
time range 340-400 ms. Moreover, the first negative (N2) and positive (P2) deflection were analyzed a posteriori.

The level of the P3 amplitude was affected differently by a transition-to-intervention depending on group
assignment: Unlike the strong effect in EG_oppines> the increase was moderate in EGy,.. In EG,,q—which retains
control of decisions—the amplitude was not modulated. The ANOVA indicates a significant effect of ‘block;,
F(1,72)=11.66, p=0.001, qu =0.139, which was modulated by the factor ‘group, F(2,72) =9.85, p<0.001,
n,>=0.215. Post-hoc comparisons confirmed the increase of the P3 effect (block 2—block 1) when comparing
EG.ombinea a0d EGey, F(1,47) = 16.66, p<0.001, 0, =0.262, and EGeoppines and EGy, F(1,49) =5.66, p=0.021,
n,>=0.103, respectively. A stronger expression of the P3-effect in EG;,,, as compared to EG,, was also confirmed,
F(1,48)=5.55, p=0.023, n,>=0.104. Please note, that the critical interaction of ‘block’ and ‘group’ was again not
modulated by the position of the electrode, F(2.88,103.59) =2.10, p=0.107, n,*=0.055.

As for the P3 effect related to the event ‘ball reception of the participant, the expression of the P3 effect related
to the event ‘ball reception of intended co-player’ was not correlated with the self-reported threat to social control
(r=0.012, p=0.920) or with the change in negative mood (r=0.008, p =0.946).

The a posteriori defined N2 component was affected by the transition to a social threat in block 2: Its ampli-
tude was found to be significantly reduced (factor ‘block’), F(1,72)=6.48, p=0.013, npz =0.083. However, this
reduction was not modulated by the single or joint onset of the threats, F(2,72)=0.89, p=0.416, ,>=0.024. A
similar pattern was observed for the a posteriori defined P2: The ANOVA revealed a significant effect of ‘block’,
F(1,72)=7.96, p=0.006, npz =0.100, here reflecting a significant increase in block 2. However, it was not signifi-
cantly modulated by the factor ‘group;, F(2,72) =2.85, p=0.064, 1,>=0.073.

In the “Supplementary material’, the results of an additional post-hoc analysis can be found: Based on pre-
vious results reporting an adaptation process of the P3 effect'!, a split-half analysis was applied to test for a
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reduction of the P3 amplitude within block 2. The results provided evidence that the enhanced P3 amplitude in
the group EG_mpined 18 also associated with the absence of an adaptation process.

Discussion

This research aimed to contribute to a better understanding of the interaction of different social threats. The
self-report data showed a specific effect of exclusion and intervention on the corresponding scales ‘belonging’
and ‘control, respectively. Crucially, the effects on both scales are enhanced by a joint onset of the threats. The
predicted interaction is more clearly expressed in the ERPs: Here, the onset of a single specific threat triggers
a P3-effect in corresponding probe events (exclusion: ‘ball reception: participant, intervention: ‘ball reception:
intended co-player’). Both P3 effects are significantly enhanced if participants were exposed to both threats.
Subsequently, we will elaborate the implications of these findings.

Manifestations of the interaction of different social threats on a neural level. The observed
modulation of the P3 amplitude induced by the combination of threats confirms previous results, but—more
importantly—sheds new light on the processing of social threats. First, the results support the notion that the
P3-effect is not a mere reflection of probability, but rather reflects expression of the violations of subjective
beliefs and expectations'*. Second, the stronger expression of the P3-effect elicited by the joint onset of two
threats can be attributed to a sensitization of a system detecting deviances in the expected participation and
control. This sensitization contrasts the recently described adaptation linked to a ‘preexposure effect’”: Here,
the previous experience of a social threat (loss-of-control) reduces the P3 response to a following social threat
(exclusion). This reduction has been attributed to a faster adjustment of subjective expectations.

Sensitization in the detection of irregularities or inconsistencies has been assumed to serve the prediction
of forthcoming events, such as surprise and belief updating*’. According to a recently proposed framework on
expectation updating and maintenance*!, the updating process closes the gap to the experienced situational
outcome and reflects an accommodation process. The latter can be linked to the adjustment of subjective
expectancies*>*® and has also been observed in previous Cyberball studies'. Our results suggest that a joint
onset of threats increases the sensitivity to expectancy violation. In contrast to the onset of a single threat, the
adjustment process in a dual-threat situation appears to be delayed. This idea is supported by the additional
split-half analysis indicating the absence of an adaptation process. A corresponding process can be triggered if
the self-assignment of personal power is increased'*. Although the specific neural implementation of these
mechanisms remains to be identified with neuroimaging or neurostimulation techniques****, the current ERP
effects are in line with the assumption of a common neural network processing inconsistencies, such as expec-
tancy violations'®.

Importantly, the effects can hardly be attributed to a superimposition of ERP components generated by dif-
ferent cognitive processes*®. We can rule out that the onset of a specific threat will automatically increase the
response to concurrent social events: In block 2, the P3-effect triggered by the event ‘ball reception of the par-
ticipant’ are reduced in EGy,.. The same applies for the event ‘ball reception of the intended co-player’ in EG,,.
This reduction might be attributed to a re-allocation of attentional resources to the event associated with the
selective threat. A similar effect has previously been described for the withdrawal from social cues®.

Notably, this aforementioned process, as well as the sensitization, do not affect earlier ERP components previ-
ously observed in cyberball studies”, such as the N2 and P2.

Manifestations of the interaction of different social threats in self-reports. Although the inter-
action of threats is clearly expressed on a neural level, the effect is less obvious in the self-reports: Here, the effects
of a single and a joint onset of threats cannot be differentiated for the corresponding scales of the need-threat-
questionnaire (belonging, control). The difference between the methods can partially be attributed to the post-
hoc evaluation of a preceding social interaction required in the self-reports. In contrast to the online monitoring
via ERP, post-hoc self-reports are affected by several psychological mechanisms, such as social desirability®’.
Moreover, one has to consider that the relative judgment required (comparison of feelings in block 1 vs block 2)
enhances an additional memory load and a more-controlled judgment. These factors account for the lack of a
correlation between the expression of the ‘online’ P3-effect and the ‘offline’ self-reports.

Moreover, the current data also shed light on the relatedness of different scales of the questionnaire. The
onset of exclusion induces a threat to ‘belonging’ which is also related to a threat to ‘control’ This spreading effect
might signal that the experience of exclusion affects all fundamental needs?>—or a lack of specificity in the self-
reports scales*®. Our correlation analysis suggests that the covariations are probably mediated by the increase in
negative mood®. The onset of a single threat leads to an affective response which biases the response to other
scales®. Notably, this mediation does not apply in the case of a joint onset of two threats. Here, the needs for
‘belonging’ and ‘control’ are selectively addressed by experimental manipulation, and self-reports on the scales
are less affected by negative mood.

Limitations. As with all empirical research, certain limitations of this study should be considered when
interpreting the results. First, although the combination of two social threats is innovative and furthers our
understanding of a common cognitive mechanisms, at present our conclusions are limited to the threats selected,
namely exclusion and loss-of-control. As this restriction is due to the Cyberball setup, innovative experimental
setups are called for that allow for an extension of the range of social threats studied. Second, participants were
rather able to get prepared for the onset of an intervention than for the onset of exclusion because a ‘supervisor’
was already mentioned in the instruction. Although this information did not affect the expression of the P3
effect—and its adaptation (see Sect. “Supplementary material”)—it might contribute to the evaluation provided
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in the self-reports: According to the difference score (see Table 1), a threat to belonging is more expressed than
to control in case of a joint onset. Third, the analysis was focused on the P3 effect, and did not explicitly consider
ERP components previously related to the processing of exclusion®’. Considering additional psychophysiologi-
cal markers, one might be able to estimate the contribution of affective processes to the interaction process®.
Finally, most of the participants can be related to a WEIRD social background®! which has to be considered. This
necessity is further strengthened by the dominance of female participants in our sample. We cannot exclude
that the sensitivity to the onset of joint threats is modulated by gender. To strengthen the generalizability of the
results, a larger and more heterogenous sample would be required.

Conclusions

In this first approach to studying the interaction of different social threats, we identified a sensitization process
that facilitates the detection of deviances from an expected outcome. The results support the idea that social
threats are defined as inconsistencies in a subjective belief system'®, and can be integrated into recently proposed
functional frameworks of expectancy update and maintenance*'. Given the central role of social participation in
mental health®, the interaction mechanism identified in the present research might contribute to the expression
of clinical symptoms.

Data availability
All data (self-reports, pre-processed EEG data), program, and analysis codes are available in a data repository
(https://osf.io/kad5t/?view_only=28a0f79c140f443aabaa2889bc3e296d).
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