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Social acceptance (vs. rejection) is assumed to have widespread positive

effects on the recipient; however, ethnic/racial minorities often react

negatively to social acceptance by White individuals. One possibility for

such reactions might be their lack of trust in the genuineness of White

individuals’ positive evaluations. Here, we examined the role that oxytocin—

a neuropeptide putatively linked to social processes—plays in modulating

reactions to acceptance or rejection during interracial interactions. Black

participants (N = 103) received intranasal oxytocin or placebo and interacted

with a White, same-sex stranger who provided positive or negative social

feedback. After positive feedback, participants given oxytocin (vs. placebo)

tended to display approach-oriented cardiovascular responses of challenge

(vs. threat), exhibited more cooperative behavior, and perceived the partner to

have more favorable attitudes toward them after the interaction. Following

negative feedback, oxytocin reduced anger suppression. Oxytocin did not

modulate testosterone reactivity directly, but our exploratory analysis showed

that the less participants suppressed anger during the interaction with

their partner, the greater testosterone reactivity they displayed after the

interaction. These results survived the correction for multiple testing with a

false discovery rate (FDR) of 20%, but not with a rate of 10 or 5%. Discussion

centers on the interplay between oxytocin and social context in shaping

interracial interactions.

KEYWORDS

attributional ambiguity, social acceptance, social rejection, intergroup trust,
oxytocin, social salience, interracial

Introduction

Social belongingness is a fundamental human need (Baumeister and Leary, 1995);
individuals strive to connect with others and gain social approval, and when such a need
is met, the resulting sense of acceptance can lead to a variety of positive psychological
and biological outcomes (Crocker et al., 1993; Dickerson et al., 2004). Given the
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significance of social acceptance, however, it would seem
puzzling that research finds ethnic/racial minoritized
individuals sometimes react negatively to social acceptance
by White individuals, resulting in lowered self-esteem, feelings
of depression, and threat (Crocker et al., 1991; Hoyt et al., 2007;
Mendes et al., 2008).

Why might minoritized individuals show these paradoxical
responses? One possibility for such reactions might be their
lack of trust in the genuineness of White partners’ positive
evaluations. Minorities may perceive the positive feedback
to be motivated by White partners’ external concern to
avoid appearing prejudiced to others, and thus, disingenuous
(Crocker and Major, 1989; Major and O’Brien, 2005). The
suspicion about the motives underlying positive responses may,
in turn, undermine benefits typically associated with social
acceptance. Here, we attempt to examine if intranasal oxytocin
would modulate affective and social processes stemming from
intergroup acceptance (vs. rejection), potentially via promoting
prosocial outcomes, such as intergroup trust.

Oxytocin is a neuropeptide that has been implicated in the
regulation of a wide range of social behavior—both prosocial
and antisocial—depending on social contexts (Bartz et al.,
2011; Olff et al., 2013; Shamay-Tsoory and Abu-Akel, 2016).
In particular, when administered in situations that involve
positive social interactions, oxytocin has been shown to increase
affiliative motive and prosocial behaviors (see Macdonald and
Macdonald, 2010; Striepens et al., 2011 for reviews). Thus,
the goal of the present research was to examine whether
and how intranasal oxytocin (vs. placebo) influences Black
participants’ physiological, affective, and behavioral responses
to receiving positive (or negative) social feedback from a White
interaction partner.

Paradoxical responses to social
acceptance

Substantial evidence has accumulated suggesting that social
acceptance from majority group members directed at minorities
can engender negative consequences. For example, Crocker et al.
(1991) found that after receiving positive interpersonal feedback
from a White partner, Black participants showed reductions
in their self-esteem, particularly when they had reason to
attribute the feedback as stemming from their race—that is,
when they believed their partner knew their race. Receiving
positive feedback did not reduce self-esteem when participants
thought their partner was unaware of their race. Similarly, Hoyt
et al. (2007) found that Latin Americans who attributed White
partners’ positive behaviors to their race experienced lower self-
esteem compared to those who did not make such attributions.
Mendes et al. (2008) extended these findings by examining
physiological mechanisms underlying minorities’ reactions
to outgroup acceptance. Following positive feedback from

White partners, Black participants exhibited cardiovascular
responses characteristic of threat (less cardiac efficiency and
vasoconstriction), whereas those receiving positive feedback
from same-race partners showed challenge reactivity (increased
cardiac efficiency and vasodilation). Importantly, the deleterious
effects of positive feedback were only evident among Black
participants; White participants responded positively to positive
feedback, regardless of whether their partner was the same-
or different-race.

What accounts for these paradoxical responses?
Attributional ambiguity theory suggests that minorities
might doubt the motives underlying positive feedback from
White partners and distrust the authenticity of the feedback
(Crocker and Major, 1989; Major and O’Brien, 2005; Major
et al., 2016). Because of cultural and legal prohibition against
expression of prejudice in current U.S. society, many White
individuals are concerned about appearing racist (Plant and
Devine, 2003). They might be strongly motivated to regulate
their actions not to display any signs of racial bias, in some
cases, by over-correcting—that is, acting overly friendly toward
minorities (Harber et al., 2010; Mendes and Koslov, 2013).
As a result, minorities are likely to experience considerable
attributional ambiguity about the true intentions behind
White individuals’ positive treatment directed toward them.
Initially, minorities may be motivated to believe that the
positive behaviors were driven by genuine liking or respect (e.g.,
Sinclair and Kunda, 2000). However, they may subsequently
engage in additional attributional processing and adjust the
initial judgment by considering the possibility that the positive
behaviors were driven by European Americans’ external
concerns over appearing prejudiced. The uncertainty arising
from the conflict between these two cognitions might in
turn create deleterious reactions (van den Bos, 2009). For
example, when minorities’ uncertainty about the motives
underlying White people’s positive behaviors were assessed with
the Suspicion of Motives Index (SOMI; Major et al., 2013),
those who were more suspicious about White people’s motives
were more accurate at detecting their external motivation
to appear non-prejudiced (LaCosse et al., 2015). Moreover,
highly suspicious individuals react more negatively to White
people’s positive behaviors, for example, with heightened threat
vigilance, elevated stress responses, and decreased self-esteem
(see Kunstman and Fitzpatrick, 2018 for review).

If the lack of trust is the underlying mechanism of
minorities’ negative reactions, it may then be anticipated that
in conditions where suspicion is eliminated, and thus, trust
can be enhanced, minorities should react more favorably to the
positive feedback because the feedback would be attributionally
less ambiguous under such conditions. As an initial attempt
to test this idea, we used a pharmacological intervention with
intranasal oxytocin to examine whether this hormone would
promote positive outcomes in the context of positive (vs.
negative) interactions, such as intergroup trust.

Frontiers in Psychology 02 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.916305
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-916305 August 13, 2022 Time: 16:46 # 3

Park et al. 10.3389/fpsyg.2022.916305

Oxytocin and social processes: The
social salience hypothesis

Earlier work in this area focused on the prosocial effects
of oxytocin. Several studies reported that oxytocin facilitates
affiliative prosocial behaviors, such as trust, cooperation,
empathy, and generosity (e.g., Kosfeld et al., 2005; Hurlemann
et al., 2010; Arueti et al., 2013). An initial study showed that
participants given intranasal oxytocin, relative to placebo, gave
more money to others in a trust game (Kosfeld et al., 2005;
but see also Nave et al., 2015; Declerck et al., 2020 for recent
failed replications). This finding was conceptually replicated
by Baumgartner et al. (2008), who further showed that the
prosocial effects of oxytocin were explained by reductions in
activity in the amygdala, thereby suggesting that oxytocin may
promote trust by reducing fear and anxiety about potential
negative consequences of social interaction, such as betrayals
(see Churchland and Winkielman, 2012 for similar argument).

More recent work, however, suggests that the effects
of oxytocin are more nuanced than are often claimed by
showing that many of the previously reported prosocial
effects of oxytocin are context-dependent (Shamay-Tsoory
et al., 2009; Mikolajczak et al., 2010; DeWall et al., 2014).
For example, increasing evidence suggests that oxytocin
facilitates prosociality only in contexts relatively free of negative
interpersonal cues. Oxytocin promotes trust toward a partner
who is perceived as trustworthy (vs. untrustworthy; Mikolajczak
et al., 2010), and only toward ingroup members, but not toward
outgroup members, when the interaction involves intergroup
competition where negative aspects of outgroup members are
likely made salient (De Dreu et al., 2010; De Dreu, 2012).
Moreover, in the presence of negative interpersonal cues,
oxytocin even facilitates antisocial reactions, such as experiences
of envy and schadenfreude in response to monetary loss in a
competitive game (Shamay-Tsoory et al., 2009) and aggressive
behaviors following provocation (Ne’eman et al., 2016).

To reconcile these disparate findings, it has been proposed
that oxytocin modulates attention-orienting responses to
contextual social cues, thereby enhancing perceptual salience
and processing of these cues (i.e., the social salience hypothesis;
Bartz et al., 2011; Olff et al., 2013; Shamay-Tsoory and Abu-
Akel, 2016). According to this view, oxytocin can produce a wide
variety of responses—both positive and negative—depending
on the available social stimuli in a given context. Oxytocin
may promote prosociality when the context involves positive
interpersonal cues (Mikolajczak et al., 2010), whereas it is
likely to facilitate competitive or aggressive behaviors when
the context involves negative interpersonal cues (De Dreu
et al., 2010; DeWall et al., 2014; Ne’eman et al., 2016). The
enhanced salience of social cues, enabled by oxytocin, may in
turn, motivate individuals to make an immediate reaction based
on intuitive processing in response to imminent situational
contingencies. In support of this formulation, recent evidence

suggests that oxytocin facilitates intuitive and spontaneous
actions than deliberate and controlled responses (Ma et al., 2015;
Ten Velden et al., 2016).

Taken together, this body of work suggests that oxytocin
may play a different role in interracial interactions depending
on available social cues, such as the type of feedback
people receive. We predicted that oxytocin would enhance
affiliative motive and prosociality when positive social cues
are salient—that is, when Black participants receive positive
feedback from the White partner. The initial attention to
the positive feedback, if enhanced under the condition
of oxytocin, can bolster and validate the feedback while
inhibiting biased reactions based on additional attributional
information. As a consequence, Black participants in this
condition would react more favorably to the positive feedback,
with increased liking, approach tendencies, and cooperation.
In contrast, social rejection from an outgroup member
typically engenders antagonistic reactions, such as aggression
and anger (Major et al., 2002; Mendes et al., 2008). We
predicted that oxytocin might amplify these negative emotional
reactions, due to the enhanced perceptual sensitivity to
the negative social cue (i.e., the outgroup member as a
source of rejection).

It is important to note, though, that while there has been
a surge of research on the role that oxytocin plays in human
behaviors over the past two decades, there has also been a
fair amount of research questioning the role and reliability
of oxytocin effects on social behavior. Critical reviews have
questioned the affective specificity of oxytocin, the extent to
which intranasal oxytocin has direct effects on the central
nervous system, and whether there is a strong foundation of
data supporting the conclusions (e.g., Nave et al., 2015; Declerck
et al., 2020; Mierop et al., 2020). To address some of these
criticisms, we took seriously the role of social context to examine
the effects of intranasal oxytocin on social behavior using face-
to-face interactions by following best practices in oxytocin
research available at the time.

Research overview

Our goal was to examine the role that intranasal oxytocin
plays in modulating minorities’ responses to outgroup
acceptance or rejection by adopting a paradigm by Mendes
et al. (2008). This allowed us to conceptually replicate some of
their main findings and extend them by including intranasal
administration of oxytocin vs. placebo as an additional
factor during interracial interactions in a placebo controlled,
double-blind experiment.

We hypothesized that oxytocin would lead Black
participants to react more favorably to the positive feedback
by the White partner, with increased approach motivation,
cooperation, and liking. These outcomes were assessed
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based on participants’ physiological, behavioral, and affective
responses. First, participants’ motivational states of approach
(vs. avoidance) were captured based on challenge vs. threat
patterns of cardiovascular responses (Blascovich and Mendes,
2000). Second, we included a public goods provision task to
measure participants’ cooperative behavior. Third, participants’
partner perceptions and affective responses were assessed with
self-report measures.

In contrast, we hypothesized that the prosocial effects
of oxytocin would be diminished in the negative feedback
condition. Instead, we predicted that oxytocin might amplify
antagonistic reactions typically following outgroup rejection,
such as anger responses. We tested this hypothesis in two
ways. First, we administered the Anger Expression Scale
(AX; Spielberger et al., 1986) to assess the extent to which
participants expressed, suppressed, or controlled their angry
feelings during the interaction with their partner. Second, to
alleviate concerns regarding self-presentational issues, we also
measured testosterone responses that are often associated with
experiences of anger and dominance (e.g., Mehta et al., 2008).

Materials and methods

Participants

One hundred and six Black Americans between the ages of
20 and 35 (61 women; 45 men, Mage = 25.31, SDage = 4.83)
were recruited from the community. The study took place in
San Francisco, which has less than 6% Black/African American
residents, underscoring the social context of individuals as
numerical minorities. We planned to recruit a minimum of
100 participants, with 25 participants per condition. This
sample size was determined a priori based on previous
studies that involved a similar pharmacological intervention
and physiological assessments (e.g., Kubzansky et al., 2012;

Human et al., 2018). A discussion of the sample size and
associated power is included later in the paper (see Robustness
Checks section). Prior to the lab session, participants were
screened for exclusion criteria, including (a) current or past
psychiatric disorder (e.g., clinical depression or clinical anxiety),
(b) significant medical illnesses (e.g., heart arrhythmia or
hypertension), (c) pregnancy, and (d) obesity (body mass
index > 35). Before coming into the lab, participants were
asked to abstain from caffeine, alcohol, and exercise for at least
2 h. They were compensated $50 and received additional $17
bonus (see below).

Procedure

The study involved a 2 Intranasal spray (oxytocin vs.
placebo) × 2 Feedback (positive vs. negative) between-
participants, double-blind, placebo-controlled design. The
placebo conditions offered an opportunity to conceptually
replicate Mendes et al. (2008). All procedure and materials were
approved by the Institutional Review Board at the study site. The
study consisted of six phases and took approximately 2 h. See
Figure 1 for the timeline of the study.

Phase 1: Arrival and baseline saliva assessment
To minimize the effects of circadian fluctuations in

testosterone levels (Touitou and Haus, 2000), participants
were scheduled to come to the lab between 12:00 pm
and 5:30 pm. After providing informed consent, female
participants were asked to provide a urine sample for a
pregnancy test and were excused from participation if the
tests were positive. Participants then provided a 1.5 mL saliva
sample that served as baseline testosterone assessment (Time
1 [T1]). Participants were instructed to expectorate into a
sterile polypropylene microtubule (IBL tubes). Right afterward,
participants completed the baseline questionnaire to assess their
baseline affective states.

FIGURE 1

Study timeline. T1 indicates Time 1. The number in parenthesis indicates the duration of the task for tasks with fixed duration. Time 2 [T2] and
Time 3 [T3] saliva samples were obtained 18 and 33 min following the onset of the first interactive task (i.e., taboo game), respectively. Dotted
outlines indicate the times when cardiovascular responses were assessed. Reactivity indices were computed on three physiological parameters
(heart rate, pre-ejection period, and cardiac output) by subtracting participants’ baseline responses obtained during the last minute of the initial
resting period from the physiological responses obtained during the first segment of the interactive task.
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Phase 2: Intranasal spray and baseline
physiological recording

Next, participants self-administered a nasal spray containing
40 international units (IU) of oxytocin (syntocinon spray,
Novartis) or placebo (containing all inactive ingredients except
the neuropeptide) in the presence of the study MD (second
author) or a trained project director (see Woolley et al.,
2016; Petereit et al., 2019; Thorson et al., 2021; for a
similar procedure). After the administration of the intranasal
spray, we attached sensors for physiological measurement
and participants’ physiological responses were recorded for
5 min while they sat quietly (see Cardiovascular Responses
section for more details on physiological assessment). Prior
work suggests that intranasal oxytocin begins to exert an
influence on behavioral and physiological responses at least
30 min after the administration and last for a minimum
of 90 min (Norman et al., 2011). Thus, after the baseline
recording, participants were asked to complete a 30-min
relaxation period that included watching an emotionally neutral
film (a documentary about hiking the Appalachian Trail).
Approximately 45 min after the intranasal spray, the first task
of the study (i.e., speech task, see below) was introduced.
From the first active task to the last task occurred within a
90-min time frame.

Phase 3: Speech task
At least 45 min following the intranasal spray, participants

were given instructions for the speech task. From this point
forward, we adopted the protocol used in Mendes et al. (2008).1

Participants were told that they would interact with another
participant (i.e., a confederate), who was in a different lab
room. All participants verbally consented to continue with
this part of the experiment and were then introduced to a
gender-matched, White confederate. We made an audiovisual
connection between the two experiment rooms so that the
participant and the confederate could see and hear each other
over large television monitors (42”).

1 The current design allowed us to conceptually replicate Mendes et al.
(2008), with the following three differences. First, Mendes et al. (2008)
tested both White and Black participants, but in this study we tested Black
participants only, as an attempt to examine the mechanism underlying
minorities’ paradoxically negative reactions to positive feedback by White
individuals, motivated by the attributional ambiguity theory. Second,
several measures used by Mendes et al. (2008) were not included
in the current work; (a) The self-report measure of attributions to
discrimination was not administered because we were concerned that
it would make race salient and contaminate other outcomes. (b)
We did not analyze dyads’ performance during the cooperative task
because the confederate’s performance was scripted during the task
to minimize their possible impact. (c) Mendes et al. (2008) analyzed
participants’ non-verbal behavior and emotional displays by coding the
videotaped cooperative task that is not included in this project. Three,
we administered several exploratory measures, including self-report
measures of demand/resource appraisals, a tactile finger-spelling task,
and saliva collection for hormone responses. We report results from
most of these exploratory measures in the Supplementary Materials.

After the brief introduction, the participant and the
confederate were informed that they would be randomly
assigned to one of two roles—a performer or an evaluator—
for the upcoming speech task. The participant was asked
to select one of two cards (A or B) from a random
assignment box and was told that the person who chose
card A (or B) would be assigned to the performer condition
while the person who chose card B (or A) would be
assigned to the evaluator condition. Regardless of the
card choice, the participant was always the performer
who was told to deliver a speech on the topic of “Why
I make a good friend” for 3 min while their partner
listened to the speech.

After providing speech instructions, we disconnected the
audiovisual connection between the two rooms so that the
confederate could not see or hear the participant’s speech;
however, the participant was told that the connection was
still on and their partner could see and hear their speech.
After a 1-min preparation period, the participant delivered the
speech for 3 min.

Phase 4: Feedback manipulation
After the speech, the experimenter returned to the room

and asked participants to answer several questions on the
computer about their experience during the speech and
explained to them that some of this information would be
electronically exchanged with their partner. After completing
the questionnaire, participants were asked to click “SEND”
button on the computer screen to send their answers to their
partner and click “RECEIVE” button to receive their partner’s
responses, which included the partner’s evaluation form.

We used a similar evaluation form used in Mendes et al.
(2008) to provide participants either positive or negative
feedback. Specifically, the evaluation form listed the following
five statements with the partner’s ostensible rating on each
statement made on a scale of –4 to +4: “I would like
to work at the same business or job as my partner,” “I
would like to work closely on a project or team with my
partner,” “I would like to get to know my partner better,”
“I would enjoy being neighbors with my partner,” and “I
would like to be close friends with my partner.” Participants
in the positive feedback condition received favorable ratings
on all five items (+3 for the first two statements and +4
for the rest three), while those in the negative feedback
condition received generally unfavorable ratings (0 for the
first three statements and –1, and –2 for the fourth, and
fifth, respectively). We developed this slightly modified version
because the feedback used in Mendes et al. (2008) targeted
college students (e.g., “I would enjoy being roommates with
the other subject”), whereas our participants were older and
typically not college students.

Both the experimenters and confederates were kept
unaware of the feedback manipulation; they were not only
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unaware to the type of the feedback but also to the fact
that we were manipulating feedback at all. The authors
were the only lab personnel who knew that this study
included the feedback manipulation. These efforts to keep the
manipulation a secret to our research staff and confederates
protected against the possibility that the confederates, either
consciously or unconsciously, attempted to modify their
behavior to either align with or counter the presumed
feedback. After participants reviewed the evaluation form, the
experimenter returned to the room and asked participants
to complete the pre-interaction questionnaire, which included
measures of participants’ affective states as well as their
partner perception.

Phase 5: In-person interaction
After the completion of the questionnaire, the experimenter

moved the confederate to the participant’s room so that
they could perform two interactive tasks together. They were
told that depending on the joint performance on these two
tasks, they could each earn an additional monetary bonus
($11). The participant and the confederate first engaged in
a cooperative task, based on the game of taboo, where each
player alternated providing clues for target words for 2 min
without using any of the five “taboo” words listed on their
prompt cards (see West et al., 2017). The dyad was told
that they would receive points for every correct response
and lose points if a taboo word was used. This task lasted
for 8 min. The confederate’s performance and reactions were
scripted during this task; it was pre-determined whether
they would correctly guess or not during their turns as
well as the prompts they provided to their partner during
the participant’s turns. In addition, the confederates were
trained to act in the same neutral way toward participants,
regardless of how the participant acted toward them. After the
dyad completed the game, participants filled out the within-
interaction questionnaire, which included measures of affective
states and anger expression.

The dyad then performed another interactive task (i.e.,
a tactile finger-spelling task; West et al., 2017) for 3 min.2

After the completion of this task, the confederate was moved
back to their original room, and the participant was asked
to complete the post-interaction questionnaire alone to assess
their affective states and partner perception one more time. The
participant then provided the second (T2) and third (T3) saliva

2 During this task, the confederate was instructed to spell out target
words using the letters of American Sign Language (ASL), and the
participant had to guess the words by touching their partner’s hand. The
dyad each put their dominant hands inside a box placed on the table
between them so that they could not see each other’s hand and had to
feel their partner’s hand to guess the words. This task was designed to
force the dyad to touch, which may be more uncomfortable for people
who are less familiar with interracial encounters (see Supplementary
Materials for more details).

samples, 18 and 33 min following the beginning of the taboo
game, respectively.

Phase 6: Public goods provision task
After the third saliva assessment, the experimenter removed

the physiological sensors and provided instructions for the
public goods provision task. Participants were told that they
and their partner each earned a total $11 bonus from the two
interactive tasks they performed together and would both be
asked to decide how much of the $11 they want to put in a
“common pot.” They were told that the total money in the
common pot would be multiplied by 1.5 point and divided
equally between them (resulting in a maximum bonus of $16.5
for each). We used the amount of money participants put in
the common pot as a behavioral index of cooperation (e.g., Ishii
and Kurzban, 2008; M = 4.78 dollars, SD = 1.43). At the end of
the task, we probed for suspicion and debriefed participants. All
participants received the maximum $17 (rounded-up) bonus in
addition to the $50 compensation.

Measures

Cardiovascular responses
We obtained cardiovascular responses from participants

with the intent to differentiate challenge and threat reactivity,
which typically includes pre-ejection period (PEP; a measure of
sympathetic nervous system [SNS] activation), cardiac output
(CO; a measure of cardiac efficiency), and total peripheral
resistance (TPR; a measure of overall vasoconstriction and
vasodilation in the arterioles). To obtain these measures,
we used impedance cardiography, electrocardiography,
and blood pressure monitored throughout the study.
Impedance cardiography was obtained with a HIC-2000
Bio-Electric Impedance Cardiograph (Bio-Impedance
Technology, Chapel Hill, NC, United States), using a tetrapolar
aluminum/mylar tape electrode system, which provided
basal transthoracic impedance (Z0) and the first derivative
basal impedance (dZ/dt). Electrocardiography was recorded
with two Ag/AgCI electrodes placed in a modified Lead
II configuration (right upper chest, left lower rib). These
signals were interfaced with a Biopac MP150 data acquisition
system (Goleta, CA, United States). All data were edited
and scored off-line in 1-min bins using IMP (3.0) module
from Mindware Technologies (Gahanna, OH, United States).
We extracted PEP, CO, and heart rate (HR) as the primary
measures of interest.

We also obtained continuous blood pressure responses
to estimate TPR. Unfortunately, the blood pressure monitor
we used (Continuous Non-invasive Arterial Pressure monitor:
CNAP Monitor 500; CNSystems Medizintechnik AG, Grax,
Austria) provided highly unstable and unreliable blood pressure
responses from implausible values of 30 mmHg to 210 mmHg
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and this was exacerbated during the tasks likely due to
participant movement that we could not control. Due to the
invalidity of the blood pressure responses, we were thus unable
to estimate TPR, which requires blood pressure responses.

Based on the available data we collected, we computed
reactivity indices on three physiological parameters (i.e.,
HR, PEP, and CO). To examine how oxytocin, social
feedback, and the interaction between the two influenced
cardiovascular reactivity following the feedback, we computed
change scores by subtracting participants’ baseline responses
obtained during the last minute of the initial resting period
from the physiological responses obtained during the first
segment of the interactive task (i.e., taboo game) to yield
each reactivity index (see Mendes et al., 2008 for a similar
approach).3

Testosterone responses
Immediately following the experiment, the saliva samples

were frozen at –80◦C. Upon completion of the study, the
samples were shipped on dry ice to Dirk Hellhammer’s lab
at the University of Trier, Germany, where they thawed and
spun at 3,000 rpms before assaying. The samples were analyzed
for testosterone concentrations with an enzyme immunoassay
kit (Salimetrics, State College, PA, United States). The lower
limits of detection for testosterone were 1 pg/mL. The samples
were assayed twice and the intra-assay coefficients of variation
(CV) were 5.5, 5.5, and 6.3 for T1, T2, and T3 testosterone,
respectively. The averaged data of the two assays were used for
the analysis. We did not include low or high control samples
in the assay plates to calculate inter-assay CVs. To adjust for
gender difference in testosterone responses (e.g., Archer, 2006),
we used scores standardized within gender in the analysis (see
Maner et al., 2008 for a similar approach).4

3 The last minute of the resting period responses did not differ as
a function of intranasal spray and/or feedback, except that there was
a main effect of intranasal spray on the baseline PEP, F(1,96) = 6.20,
p = 0.015, ηp

2 = 0.06, 90% CI [0.01, 0.15]. Participants who were given
oxytocin exhibited lower levels of baseline PEP (M = 115.97, SE = 1.41)
compared to those who were given placebo (M = 121.15, SE = 1.53).
To adjust for this baseline difference, when we analyzed PEP reactivity
by controlling for participants’ baseline PEP, this did not change the
results. Similarly, instead of using the difference scores to yield each
reactivity index, analyzing the physiological responses obtained during
the first segment of the interactive task after controlling for the baseline
responses did not substantially alter the results.

4 In addition to assaying testosterone, we also assayed cortisol. We did
not have an a priori prediction about how oxytocin might influence stress
hormones in each feedback condition, and yet, given that some prior
research found the modulating effects of oxytocin on stress reactivity
(Cardoso et al., 2014), we analyzed this variable for an exploratory
purpose. As saliva samples were obtained at three time points−at
baseline (T1) and at 18 min and 33 min following the onset of the first
interactive task (T2 and T3, respectively), we performed a 2 Intranasal
spray × 2 Feedback × 2 Time (T2 vs. T3) mixed ANCOVA, while
controlling for T1 cortisol responses. We also controlled for gender
to adjust for possible gender differences in cortisol reactivity (Kudielka
and Kirschbaum, 2005). Neither the main effects nor the interactions
between the predictor variables were statistically significant, Fs < 2.29,

Self-report measures
Partner perception

We assessed participants’ perception about their partner in
two ways, based on their own liking toward their partner (i.e.,
how much I like my partner) and based on their inferred liking
by the partner (i.e., how much I think my partner likes me).
These assessments were obtained at two time points following
the feedback manipulation—(a) immediately after reviewing
the evaluation form but before the in-person interaction with
the partner and (b) after the in-person interaction. First,
participants’ partner liking before the in-person interaction was
assessed with four items (e.g., “I am looking forward to meeting
this person,” “This person is the type of person who would be
my friend”; α = 0.86), on a 7-point scale (1 = strongly disagree,
7 = strongly agree). After the in-person interaction, participants
rated their liking toward their partner again, based on five items
(e.g., “I like my partner,” “I trust my partner”; α = 0.88). Second,
participants’ inferred liking by the partner was assessed before
the in-person interaction with two items (i.e., “My partner is
looking forward to meeting me,” “My partner will like me”;
α = 0.82). After the in-person interaction, participants once
again rated their inferred liking based on four items (e.g., “My
partner likes me,” “My partner trusts me”; α = 0.90).

Affective states

We measured participants’ global positive affect and
negative affect with the Positive and Negative Affect Schedule
(PANAS; Watson et al., 1988) at four time points throughout
the study−(a) at baseline, (b) before their in-person interaction
with the partner, (c) within the in-person interaction (i.e., after
completing the first interactive task), and (d) after the in-
person interaction. This allowed us to examine whether oxytocin
modulates natural fluctuations in affective reactions over time
after receiving the feedback, while controlling for baseline affect.
At each time point, participants rated on a 5-point scale (1 = not
at all, 5 = a great deal) the extent to which they felt 10
positive emotions (e.g., excited, active; αs ranged from 0.88 to
0.90) and 12 negative emotions (e.g., upset, hostile; αs ranged
from 0.77 to 0.85).

Anger expression

After completing the taboo game, we assessed participants’
anger expression with the 24-item Anger Expression Scale
(AX; Spielberger et al., 1986). Participants used a 4-point scale
(1 = strongly disagree, 4 = strongly agree) to indicate the
extent to which they felt like right now, outwardly expressing
anger (anger-out; e.g., “slamming doors,” “saying nasty things”;
α = 0.67), suppressing anger/hostility (anger-in; e.g., “I want to
pout or sulk,” “I am boiling inside, but I am not showing it”;
α = 0.73), and controlling anger expression (anger-control; e.g.,

ps > 0.133, suggesting that there was no evidence that oxytocin and/or
feedback modulated stress reactivity.
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“I control my angry feelings,” “I can stop myself from losing my
temper”; α = 0.68).5

Results

Data analyses overview

During debriefing, three participants (one in
oxytocin/negative feedback condition, one in oxytocin/positive
feedback condition, and one in placebo/positive feedback
condition) indicated that they were suspicious about the
authenticity of their “partner” and believed that their partner
was a confederate. Thus, the data from these participants were
excluded from all analyses, which left 103 participants with
analyzable data (58 women; Mage = 25.40, SDage = 4.86).

Before data analyses, we checked outliers (i.e., responses
outside the three interquartile range) in physiological responses
and found three such values (one in PEP and two in CO). These
values were retained in the analysis after being winsorized at
the 90th percentile to minimize their impact (Jose and Winkler,
2008; Wilcox, 2011). Preliminary analyses showed that gender
did not influence any of the outcome variables we assessed
(except, not surprisingly, for testosterone, which we analyzed
following typical analytic strategies based on gender differences
in testosterone levels) and it also did not interact with intranasal
spray and/or feedback to predict any of these variables, so we
do not discuss this variable further. See Table 1 for descriptive
statistics of key study variables (and see Supplementary Table 1
for inter-correlations).6

We hypothesized that Black participants would respond
more favorably following positive feedback from the White
partner after the intranasal spray of oxytocin (vs. placebo),

5 The materials and data for the current paper
are available at Open Science Framework (OSF):
https://osf.io/xbfh4/?view_only=1daab5fc6856465db54afb165156bcf3.

6 Some studies suggest that oxytocin effects may depend on
individual’s menstrual cycle phase (e.g., Engel et al., 2019). We thus
examined whether the menstrual cycle phase (follicular [41.4%] vs. luteal
[55.2%]) influenced the results among participants who menstruated.
None of the outcome variables was predicted by this variable, Fs < 1.42,
ps > 0.239, except that those in the luteal phase shared more money
during the public goods provision task than those in the follicular phase,
F(1,53) = 4.46, p = 0.039, ηp

2 = 0.08, 90% CI [0.00, 0.20]. However, when
we adjusted for the effect of the menstrual cycle, this did not alter the
results from our main analysis. Specifically, we regressed the amount of
shared money on the menstrual cycle phase and analyzed the residuals
from this regression analysis for those who menstruated while analyzing
the original data for those who didn’t menstruate. As shown in the main
analysis, the Intranasal spray × Feedback interaction was statistically
significant, F(1,96) = 4.15, p = 0.044, ηp

2 = 0.04, 90% CI [0.00, 0.12].
In addition, we also tested whether the use of hormonal contraceptives
(yes [27.6%] vs. no [70.7%]) modulated our results. Several outcomes
were predicted by this variable, including participants’ partner liking
and positive affect before the in-person interaction and testosterone
responses both at T2 and T3, Fs > 3.35, ps < 0.073, ηp

2s < 0.06. However,
when we controlled for this variable, this did not change the pattern of
our results.

resulting in greater approach motivation indexed by challenge
(vs. threat) patterns of cardiovascular reactivity, greater
cooperative behavior, more favorable perceptions about
their partner, and increased positive (vs. negative) affect.
In contrast, we hypothesized that oxytocin would amplify
negative emotional reactions following negative feedback,
indexed by greater self-reported anger display and elevated
testosterone reactivity.

To test our primary hypothesis, we conducted a 2 Intranasal
spray (oxytocin vs. placebo) × 2 Feedback (positive vs.
negative) analysis of variance (ANOVA) for each outcome
variable. In addition, for certain outcome variables that were
assessed more than one time point throughout the study,
such as partner perception ratings (two times), affective states
(four times, with the baseline value as a covariate), and
testosterone reactivity (three times, with the baseline value
as a covariate), we added a within-participants time factor
to examine whether oxytocin effects manifest differently as
a function of time following the feedback manipulation (i.e.,
Intranasal spray × Feedback × Time). We predicted that it
may take time for oxytocin to exert its effects, such that the
hypothesized effects might be stronger during or after the in-
person interaction with the partner, rather than immediately
following the feedback manipulation (but before the in-person
interaction). For any significant interaction effect, we tested
subsequent simple effects by applying Bonferroni corrections
for multiple comparisons. Finally, as an exploratory analysis,
we examined whether and how testosterone responses were
associated with participants’ self-reported anger responses, to
begin to address how these two different proxies of angry
reactions might be related. See Table 2 for main results from all
outcome variables.

Cardiovascular responses

First, we examined whether intranasal spray, feedback,
and/or the interaction between the two influenced
cardiovascular responses. All analyses focused on cardiovascular
“reactivity” scores, computed by subtracting participants’
baseline responses from the responses obtained during the first
2 min of the cooperative task.

Before conducting our main analyses, we first examined if
our paradigm successfully induced SNS activation among our
sample (i.e., a necessary condition to differentiate challenge vs.
threat reactivity; Blascovich and Mendes, 2000) by performing
a 2 Intranasal spray × 2 Feedback ANOVA on HR and
PEP reactivity scores, separately. Previous studies suggest that
emotional responses following negative feedback such as anger
can increase SNS activation more so than emotional responses
following positive feedback such as experiences of high
arousal positive emotions (Stemmler, 1989; Mendes et al., 2008;
Kreibig, 2010; but see also Mendes and Park, 2014 for the
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TABLE 1 Descriptive statistics of study variables assessed at four time points throughout the study.

Variables Baseline Before interaction During interaction After interaction

M SD M SD M SD M SD

Primary measures

Heart rate 67.34 9.14 83.92 13.08

Pre-ejection period 118.05 11.41 107.97 11.89

Cardiac output 5.81 2.35 6.21 2.62

Cooperative behavior ($) 4.77 1.43

Partner liking 4.60 1.24 5.42 1.03

Inferred liking by partner 4.34 1.52 4.93 1.21

Positive affect 3.14 0.90 3.13 0.92 3.44 0.87 3.40 0.92

Negative affect 1.40 0.43 1.44 0.46 1.29 0.43 1.23 0.39

Anger expression 1.31 0.32

Anger suppression 1.60 0.35

Anger control 3.17 0.57

Testosterone (pg/mL)

Total sample 93.03 57.56 86.68 56.89 80.10 53.68

Males 139.88 54.80 132.90 54.03 125.00 48.81

Females 57.48 25.03 51.61 25.11 46.03 23.91

Exploratory measures

Demand/resource appraisals 80.00 22.58

Social touch (seconds) 0.57 0.31

Cortisol (ug/dL)

Total sample 4.83 3.54 3.71 2.43 3.39 2.25

Males 5.30 4.39 4.22 2.44 3.80 2.34

Females 4.48 2.71 3.32 2.37 3.08 2.15

Cardiovascular responses, cooperative behavior (the amount of money participants put in the common pot during the public goods provision task), and testosterone responses are the raw
data before transformation. The results from the three exploratory measures are reported either as a footnote (see Footnote 4 for cortisol reactivity) or in the Supplementary Materials
(for demand/resource appraisals and social touch, operationalized as the amount of time the dyad touched their hands during the tactile finger-spelling task). The second and third saliva
samples were obtained at 18 and 33 min following the beginning of the in-person interaction, respectively.

moderating effects of contexts). We observed a similar pattern,
such that participants in the negative feedback condition tended
to show descriptively greater SNS activation—characterized
with a greater increase in HR (M = 18.22, SE = 1.52) and
a greater decrease in PEP (M = –11.31, SE = 1.38) from
baseline levels—than those in the positive feedback condition
(HR: M = 14.96, SE = 1.54; PEP: M = –9.51, SE = 1.39), but
these effects did not reach statistical significance, F(1,95) = 2.27,
p = 0.135, and F(1,95) = 0.85, p = 0.359, respectively. Neither the
main effect of intranasal spray nor its interaction with feedback
was significant, Fs < 0.74, ps > 0.392. Importantly though,
participants in all four conditions showed a significant increase
in SNS activation from baseline levels, indexed by an increase in
HR, ts > 7.02, ps < 0.001, Cohen’s ds > 1.46, and a decrease
in PEP, ts > |–4.55|, ps < 0.001, Cohen’s ds > 0.89, thereby
meeting the necessary condition to further explore challenge vs.
threat reactivity.

For our primary analysis, we then examined both PEP
and CO reactivity to differentiate states of challenge vs. threat,
following an established approach (Blascovich and Mendes,

2000; Mendes et al., 2008). Challenge states are characterized as
an increase in SNS (a decrease in PEP) and cardiac efficiency
(an increase in CO), whereas cardiovascular responses exhibited
in threat states are associated with an increase in SNS and less
efficient cardiac output (no change or a decrease in CO). As
noted above and also shown in Figure 2A, participants in all four
conditions showed a significant decrease in PEP from baseline,
and thus, we examined CO reactivity to further differentiate
states of challenge vs. threat.

The main effects of intranasal spray and feedback were not
significant on CO reactivity, Fs < 1.86, ps > 0.176. Importantly
though, there was a trend of the interaction between intranasal
spray and feedback, F(1,96) = 3.46, p = 0.066, ηp

2 = 0.04,
90% Confidence Interval (CI) [0.00, 0.11]. To decompose this
interaction effect, we tested the simple effect of intranasal spray
on CO reactivity in each feedback condition separately. In
the positive feedback condition, the effect of intranasal spray
approached statistical significance, F(1,96) = 2.80, p = 0.097,
ηp

2 = 0.03, 90% CI [0.00, 0.10]; participants who were given
oxytocin tended to show greater CO reactivity (M = 0.44,
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TABLE 2 Summary of the results from the primary analysis (Intranasal spray × Feedback) and exploratory analysis (Intranasal
spray × Feedback × Time).

F-tests

Variable N Intranasal spray Feedback Time I × F I × T F × T I × F × T

Challenge vs. threat

CO reactivity 100 0.26 1.86 3.46†

PEP reactivity 99 0.16 0.85 0.02

Cooperative behavior 102 0.39 3.92* 5.87*

Partner perception

Partner liking 100 0.03 89.11*** 127.94*** 0.54 2.94† 14.28*** 1.79

Inferred liking by partner 100 0.38 126.59*** 25.01*** 0.07 2.50 9.06** 3.96*

Affective states

Positive affect 84 1.67 7.32*** 6.95*** 0.68 0.13 7.35*** 0.09

Negative affect 84 0.54 5.75* 0.98 1.42 0.41 0.84 0.24

Anger reactions

Anger expression 102 1.79 0.32 1.44

Anger suppression 102 3.38† 3.56† 4.00*

Anger control 102 1.12 1.13 0.02

Testosterone reactivity 102 1.40 0.41 0.00 1.29 0.30 0.15 0.48

I × F, Intranasal spray × Feedback; I × T, Intranasal spray × Time; F × T, Feedback × Time; I × F × T, Intranasal spray × Feedback × Time. The analyses for affective states and
testosterone reactivity were conducted controlling for their baseline values.
†p < 0.10, *p < 0.05, **p < 0.001, ***p < 0.001.

FIGURE 2

Pre-ejection period (PEP; A) and cardiac output (CO; B) reactivity as a function of intranasal spray (placebo vs. oxytocin) in each feedback
condition. Lower scores on PEP reactivity indicate greater sympathetic nervous system (SNS) activation while higher scores on CO reactivity
indicate greater cardiac efficiency. Challenge patterns of cardiovascular reactivity are characterized by an increase in SNS activity along with an
increase in cardiac efficiency whereas threat patterns of cardiovascular reactivity are characterized by an increase in SNS along with no change
in cardiac efficiency. Error bars indicate 95% confidence intervals. †p < 0.10.

SE = 0.17), compared to those who were given placebo
(M = −0.13, SE = 0.18) (see Figure 2B). Combined with
a significant decrease in PEP, the pattern displayed by
participants given oxytocin is consistent with a challenge-
pattern of cardiovascular reactivity. In contrast, those given
placebo showed a threat-pattern of cardiovascular reactivity,
characterized as a smaller or no increase in CO combined
with a decrease in PEP. Among those who received negative

feedback, participants who were given oxytocin did not differ
from those who were given placebo, F(1,96) = 0.92, p = 0.341.
Both groups showed a challenge/approach-oriented pattern of
reactivity (consistent with anger).

Taken together, we replicated Mendes et al. (2008) in
the placebo conditions, such that Black participants exhibited
a threat-pattern of cardiovascular reactivity in the positive
feedback condition while exhibiting a challenge-pattern of
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FIGURE 3

Cooperative behavior (i.e., the amount of money participants
put in the common pot during the public goods provision task)
as a function of intranasal spray (placebo vs. oxytocin) in each
feedback condition. The data were rank-transformed to reduce
skewness. Error bars indicate 95% confidence intervals.
∗p < 0.05.

cardiovascular reactivity in the negative feedback condition.
Notably, oxytocin tended to reduce Black participants’ threat
responses following outgroup partner’s positive feedback, such
that only participants in the placebo/positive feedback condition
exhibited threat responses whereas the other three groups all
showed challenge/approach-oriented patterns. To formally test
this group difference, we conducted a post hoc contrast analysis
on CO reactivity to compare the placebo/positive feedback
condition (–3) with the rest of the three conditions (all + 1 s).
This analysis yielded a significant result, F(1,96) = 4.41,
p = 0.038, ηp

2 = 0.04, 90% CI [0.00, 0.13], indicating that placebo
participants showed greater threat responses following positive
feedback whereas participants in the other three conditions
showed challenge reactivity.

Public goods provision

We operationalized cooperation as the amount of money
participants put in the common pot during the public goods
provision task. Because this variable did not follow a normal
distribution [D(102) = 0.35, p < 0.001, Kolmogorov–Smirnov
test], we rank-transformed this variable before submitting it
to a 2 Intranasal spray × 2 Feedback ANOVA (see Conover
and Iman, 1981 for this recommended approach). The main
effect of intranasal spray was not significant, F(1,98) = 0.39,
p = 0.534, but there was a tendency that participants exhibited
more cooperative behavior after receiving positive (vs. negative)
feedback, F(1,98) = 3.92, p = 0.050, ηp

2 = 0.04, 90% CI
[0.00, 0.12]. Importantly, there was a significant Intranasal
spray × Feedback interaction effect, F(1,98) = 5.87, p = 0.017,
ηp

2 = 0.06, 90% CI [0.01, 0.14]. As Figure 3 displays,
among participants who received positive feedback, those given

oxytocin exhibited greater cooperative behavior (M = 64.80,
SE = 5.09) than those given placebo (M = 48.76, SE = 5.52),
F(1,98) = 4.57, p = 0.035, ηp

2 = 0.05, 90% CI [0.00, 0.13]. In
contrast, oxytocin did not modulate cooperative behavior after
negative feedback, F(1,98) = 1.64, p = 0.203.

Partner perceptions

Next, we analyzed partner perception ratings that
participants completed prior to and immediately following
the in-person interaction, based on (a) their own liking toward
their partner (i.e., how much I like my partner) and (b) their
inferred liking by the partner (i.e., how much I think my
partner likes me).

First, participants’ partner liking ratings were submitted
to a 2 Intranasal spray × 2 Feedback × 2 Time (before vs.
after the in-person interaction) mixed ANOVA with intranasal
spray and feedback as between-participant factors and time as
a within-participant factor. This analysis yielded a significant
main effect of feedback, F(1,96) = 89.11, p < 0.001, ηp

2 = 0.48,
90% CI [0.36, 0.57]. Consistent with a manipulation check,
participants who received positive feedback liked their partner
more (M = 5.78, SE = 0.11), compared to those who received
negative feedback (M = 4.30, SE = 0.11). This finding is especially
interesting because the confederates always acted with the same
neutral affect toward participants and, indeed, were not aware
that there was a feedback manipulation. In addition, the main
effect of time was also significant, F(1,96) = 127.94, p < 0.001,
ηp

2 = 0.57, 90% CI [0.46, 0.65]; in general, participants liked
their partner more after the in-person interaction (M = 5.42,
SE = 0.08), compared to before the in-person interaction
(M = 4.66, SE = 0.09). These effects were qualified by a significant
Feedback × Time two-way interaction effect, F(1,96) = 14.28,
p < 0.001, ηp

2 = 0.13, 90% CI [0.04, 0.23], such that the
effect of time was larger in the negative feedback condition,
F(1,96) = 112.75, p < 0.001, ηp

2 = 0.54, 90% CI [0.43, 0.62], than
in the positive feedback condition, F(1,96) = 28.65, p < 0.001,
ηp

2 = 0.23, 90% CI [0.12, 0.34]. That is, participants who
received negative feedback showed a greater increase in partner
liking over time (before the interaction: M = 3.80, SE = 0.12;
after the interaction: M = 4.81, SE = 0.12), compared to those
who received positive feedback (before the interaction: M = 5.53,
SE = 0.12; after the interaction: M = 6.03, SE = 0.12). In
addition, there was a trend of the interaction between intranasal
spray and time, F(1,96) = 2.94, p = 0.089, ηp

2 = 0.03, 90%
CI [0.00, 0.10]; the effect of time tended to be larger among
those who were given oxytocin, F(1,96) = 96.46, p < 0.001,
ηp

2 = 0.50, 90% CI [0.38, 0.59], compared to those who were
given placebo, F(1,96) = 41.09, p < 0.001, ηp

2 = 0.30, 90% CI
[0.18, 0.41]. However, the critical two-way interaction between
intranasal spray and feedback was not statistically significant,
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FIGURE 4

Partner perception before (A) and after (B) the in-person interaction as a function of intranasal spray (placebo vs. oxytocin) in each feedback
condition. Higher number indicates that participants perceived their partner to have more favorable attitudes toward them. Error bars indicate
95% confidence intervals. ∗p < 0.05.

F(1,96) = 0.54, p = 0.464. There was also no evidence of a three-
way interaction among intranasal spray, feedback, and time,
F(1,96) = 1.79, p = 0.184.

Second, the same mixed ANOVA was performed on
participants’ inferred liking by the partner. As similarly
shown above, both main effects of feedback and time were
significant, F(1,96) = 126.59, p < 0.001, ηp

2 = 0.57, 90%
CI [0.46, 0.65] and F(1,96) = 25.01, p < 0.001, ηp

2 = 0.21,
90% CI [0.10, 0.32], respectively. Participants perceived their
partner to have more favorable attitudes toward them after
receiving positive feedback (M = 5.60, SE = 0.12), compared
to negative feedback (M = 3.73, SE = 0.12), and after the
in-person interaction (M = 4.92, SE = 0.09), compared to
before the in-person interaction (M = 4.41, SE = 0.11).
The effect of time, however, was only significant in the
negative feedback condition (before the interaction: M = 3.31,
SE = 0.15; after the interaction: M = 4.14, SE = 0.13),
F(1,96) = 31.78, p < 0.001, ηp

2 = 0.25, 90% CI [0.13,
0.36], but not in the positive feedback condition (before the
interaction: M = 5.50, SE = 0.15; after the interaction: M = 5.70,
SE = 0.13), F(1,96) = 2.00, p = 0.160, resulting in a significant
Feedback × Time two-way interaction effect, F(1,96) = 9.06,
p = 0.003, ηp

2 = 0.09, 90% CI [0.02, 0.18]. Neither the Intranasal
spray × Time interaction nor the Intranasal spray × Feedback
interaction was significant, F(1,96) = 2.50, p = 0.117 and
F(1,96) = 0.07, p = 0.786, respectively, but importantly, we found
a significant Intranasal spray × Feedback × Time three-way
interaction effect, F(1,96) = 3.96, p = 0.049, ηp

2 = 0.04, 90%
CI [0.00, 0.12].

We decomposed the three-way interaction effect by testing
simple effects of intranasal spray on participants’ inferred
liking before and after the in-person interaction in each
feedback condition separately. As shown in Figure 4A, there

was no effect of intranasal spray on partner’s inferred liking
before the in-person interaction for both feedback conditions,
Fs < 0.55, ps > 0.458. Intranasal spray also did not modulate
partner’s inferred liking after the in-person interaction in
the negative feedback condition, F(1,96) < 0.01, p = 0.952.
In contrast, there was a significant effect of intranasal
spray in the positive feedback condition, F(1,96) = 4.11,
p = 0.046, ηp

2 = 0.04, 90% CI [0.00, 0.12], indicating that
after receiving positive feedback, participants given oxytocin
(M = 5.96, SE = 0.17) perceived their partner to have more
favorable attitudes toward them after the in-person interaction,
compared to those given placebo (M = 5.45, SE = 0.19) (see
Figure 4B).

Affective states

Next, we examined whether and how oxytocin modulated
fluctuations in affective responses over time after receiving the
feedback. We performed a 2 Intranasal spray × 2 Feedback × 3
Time (before the in-person interaction vs. during the interaction
[i.e., after completing the first interactive task] vs. after the
interaction) mixed ANCOVA separately for positive affect
and negative affect, with intranasal spray and feedback as
between-participant factors and time as a within-participant
factor, while controlling for its baseline value.

When we examined participants’ positive affect, there were
significant main effects of time and feedback, F(2,158) = 6.95,
p = 0.001, ηp

2 = 0.08, 90% CI [0.02, 0.15] and F(1,79) = 7.32,
p = 0.008, ηp

2 = 0.09, 90% CI [0.01, 0.19], respectively. In
general, participants experienced greater positive affect both
during and after the in-person interaction (M = 3.49, SE = 0.06
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and M = 3.43, SE = 0.06, respectively) than before the in-person
interaction (M = 3.17, SE = 0.05). Participants also reported
higher levels of positive affect after receiving positive feedback
(M = 3.50, SE = 0.07), compared to negative feedback (M = 3.23,
SE = 0.07). These effects were qualified by a Feedback × Time
interaction effect, F(2,158) = 7.35, p = 0.001, ηp

2 = 0.09,
90% CI [0.02, 0.15]; such that participants reported greater
positive affect after receiving positive (vs. negative) feedback,
especially before the in-person interaction (positive feedback:
M = 3.43, SE = 0.07; negative feedback: M = 2.92, SE = 0.08),
F(1,79) = 22.59, p < 0.001, ηp

2 = 0.22, 90% CI [0.10, 0.34],
compared to during (positive feedback: M = 3.60, SE = 0.09;
negative feedback: M = 3.38, SE = 0.09) or after the in-person
interaction (positive feedback: M = 3.49, SE = 0.09; negative
feedback: M = 3.38, SE = 0.09), F(1,79) = 3.14, p = 0.080,
ηp

2 = 0.04, 90% CI [0.00, 0.13] and F(1,79) = 0.74, p = 0.391,
respectively. No other effects, including the critical Intranasal
spray × Feedback interaction, reached statistical significance,
Fs < 1.67, ps > 0.200.

Next, we performed the same mixed ANOVA on negative
affect and found a significant main effect of feedback,
F(1,79) = 5.75, p = 0.019, ηp

2 = 0.07, 90% CI [0.01, 0.17],
indicating that participants reported greater negative affect after
receiving negative feedback (M = 1.40, SE = 0.05) than positive
feedback (M = 1.25, SE = 0.04). No other effects were statistically
significant, Fs < 1.42, ps > 0.237.

Anger expression

We hypothesized that oxytocin would amplify negative
emotional reactions following negative feedback, such as anger
and aggression. To test this hypothesis, we first examined
participants’ state levels of anger expression during the in-
person interaction by submitting each subscale of AX to a
2 Intranasal spray × 2 Feedback ANOVA. The effects of
intranasal spray and/or feedback were negligible on both
anger expression, Fs < 1.79, ps > 0.184, and anger control,
Fs < 1.13, ps > 0.291. However, there emerged a significant
Intranasal spray x Feedback interaction on anger suppression,
F(1,98) = 4.00, p = 0.048, ηp

2 = 0.04, 90% CI [0.00, 0.12].
In response to negative feedback, participants given oxytocin
reported suppressing their anger less (M = 1.54, SE = 0.06)
than placebo participants (M = 1.80, SE = 0.07), F(1,98) = 7.48,
p = 0.007, ηp

2 = 0.07, 90% CI [0.01, 0.16]. In contrast, oxytocin
did not influence participants’ tendency to suppress anger in
response to positive feedback, F(1,98) = 0.01, p = 0.909.

Testosterone reactivity

Finally, we analyzed gender-adjusted testosterone responses
obtained both at T2 and T3 (18 and 33 min following

the beginning of the in-person interaction) by controlling
for participants’ baseline (T1) testosterone responses to
examine whether oxytocin intensified experience of anger
and dominance following social rejection, possibly indexed by
elevated testosterone reactivity. Specifically, we performed a 2
Intranasal spray × 2 Feedback × 2 Time (T2 vs. T3) mixed
ANCOVA, while controlling for T1 testosterone responses.
Neither the main effects nor the interactions between the
predictor variables were statistically significant, Fs < 1.40,
ps > 0.240.

These results suggest that there was no evidence that
intranasal oxytocin modulated testosterone reactivity differently
as a function of feedback type at the group level. Nonetheless,
we sought to examine whether self-reported anger responses
predicted testosterone reactivity in each feedback condition,
to begin to address how these two different proxies of
anger reactions might be related at the individual level.
We tested these associations separately for T2 and T3
testosterone reactivity after combining both spray conditions,
as there was no effect of intranasal oxytocin on both
variables. First, we regressed T2 testosterone levels on three
subscales of anger expression as well as T1 testosterone
as a baseline in each feedback condition. There was no
significant relationship between anger expression and T2
testosterone in the negative feedback condition, b = 0.71,
95% CI [–0.19, 1.61], t(47) = 1.29, p = 0.120. In addition,
anger control tended to predict greater T2 testosterone,
b = 0.38, 95% CI [–0.02, 0.77], t(47) = –1.91, p = 0.062.
In contrast, we found a significant negative relationship
between anger suppression and T2 testosterone, b = –0.75,
95% CI [–1.50, –0.01], t(47) = −2.03, p = 0.048, indicating
that the less participants suppressed their anger during the
in-person interaction following social rejection, the greater
testosterone reactivity they showed after the interaction.
None of the anger subscales predicted T2 testosterone
reactivity in the positive feedback condition, ts < 0.89,
ps > 0.377.

Second, we conducted the same analyses with T3
testosterone reactivity. As similarly shown at T2, anger
suppression negatively predicted T3 testosterone in the
negative feedback condition, b = –1.13, 95% CI [–1.95, –0.31],
t(47) = –2.78, p = 0.008. In addition, anger expression also
tended to predict greater T3 testosterone, b = 0.91, 95%
CI [–0.08, 1.90], t(47) = 1.86, p = 0.070. However, anger
control was not associated with testosterone reactivity at
T3, b = 0.03, 95% CI [–0.40, 0.47], t(47) = 0.16, p = 0.874.
None of these subscales were significantly associated with T3
testosterone in the positive feedback condition, ts < 0.94,
ps > 0.353.

To summarize, one consistent pattern we found across
both time points is that anger suppression was negatively
associated with testosterone reactivity in the negative feedback
condition, such that those who suppressed their anger less after
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receiving negative feedback from their partner showed elevated
testosterone reactivity both at T2 and T3.7,8

Robustness checks

We used the conventional threshold with a p-value of 0.05
to determine statistical significance for each outcome variable.
However, given that we performed simultaneous hypothesis
testing on multiple outcomes (a total of 11 univariate tests; see
Table 2), this can inflate the probability of Type I error (i.e.,
erroneously rejecting the null hypothesis). Thus, as a robustness
check, we applied the Benjamini–Hochberg (B-H) procedure to
control for the false discovery rate (FDR) for multiple testing
(Benjamini and Hochberg, 1995). To evaluate our results with
different levels of stringency, we performed the B-H correction

7 We used testosterone responses standardized within gender to
adjust for gender differences in testosterone levels (e.g., Maner
et al., 2008). As another way to address the gender differences,
we also tested if gender moderated the relationships between anger
suppression and testosterone reactivity both at T2 and T3, and it did
not, ts < 0.91, ps > 0.370. Nonetheless, when we conducted the
regression analyses separately for each gender group using the raw
data before standardization, the relationship between anger suppression
and testosterone reactivity was only significant among women at T3,
b = −21.35, 95% CI [–40.33, –2.36], t(52) = –2.26, p = 0.028. The
same pattern of the relationship was shown among men at T3 and also
among both gender groups at T2, but none of them researched statistical
significance, ts > |–1.06|, ps < 0.293.

8 Caution is due in interpreting the results from these exploratory
analyses, because when we formally tested the moderating effect
of feedback (i.e., Feedback × Anger suppression interaction), the
moderation was not significant at both time points, ts < 0.57, ps > 0.568.
That is, there is no evidence that the relationship between anger
suppression and testosterone reactivity is limited to the negative
feedback condition.

with FDR thresholds of 5, 10, and 20%, which indicate that
roughly 5, 10, or 20% of all significant results are interpreted
as possible false positives. Specifically, we rank-ordered the raw
p-values of 11 outcome variables (from lowest to highest) and
compared them with their B-H critical values calculated with the
FDRs of 5, 10, and 20%, respectively. When the raw p-value is
smaller than its B-H critical value, the hypothesis testing for this
variable and all testing with p-values smaller than the p-value of
this variable are considered statistically significant (McDonald,
2015). As summarized in Table 3, all significant results survived
the correction with the FDR of 20%. Notably, the result on
CO reactivity, which did not reach statistical significance in our
original analysis (raw p-value = 0.066), proved to be statically
significant with this correction. However, when we applied the
correction with more stringent rates of 5 or 10%, none of the
effects passed these additional tests.

As another way to check the robustness of our results, we
conducted a sensitivity power analysis to identify a minimal
detectable effect for each outcome variable. The sensitivity
power analysis using G∗Power (Faul et al., 2009) showed that
our primary analysis (i.e., the Intranasal spray × Feedback
interaction) based on our final sample (N = 103) was sufficient to
detect a medium size effect with Cohen’s f = 0.28 (power = 0.80,
α = 0.05, two-tailed). In addition, for our exploratory analysis
that involved repeated measures (i.e., partner perceptions,
affective states, and testosterone reactivity), we calculated a
minimum detectable effect of the three-way interaction effect
(Intranasal spray × Feedback × Time), assuming a correlation
of 0.50 among the repeated measures. We expected that
participants’ initial responses would serve as an anchor to affect
their subsequent reactions, thereby yielding a medium-sized
correlation among the repeated measures. The sensitivity power
analyses showed that we had 0.80 power to detect the three-way

TABLE 3 Descriptive statistics for robustness checks.

Outcome variable Analysis Raw P-value i (rank) B-H critical
value (5% FDR)

B-H critical
value (10%

FDR)

B-H critical
value (20%

FDR)

Minimal
detectable

effect

Observed
effect

Cooperative behavior I× F 0.017 1 0.005 0.009 0.018 0.28 0.23

Anger suppression I× F 0.048 2 0.009 0.018 0.036 0.28 0.19

Inferred liking by partner I× F× T 0.049 3 0.014 0.027 0.055 0.17 0.20

CO reactivity I× F 0.066 4 0.018 0.036 0.073 0.28 0.18

Partner liking I× F× T 0.184 5 0.023 0.045 0.091 0.17 0.13

Anger expression I× F 0.233 6 0.027 0.055 0.109 0.28 0.12

Testosterone I× F× T 0.489 7 0.032 0.064 0.127 0.17 0.07

Negative affect I× F× T 0.790 8 0.036 0.073 0.145 0.15 0.05

PEP reactivity I× F 0.887 9 0.041 0.082 0.164 0.28 0.01

Anger control I× F 0.898 10 0.045 0.091 0.182 0.28 0.01

Positive affect I× F× T 0.911 11 0.050 0.100 0.200 0.15 0.03

I× F, Intranasal spray× Feedback; I× F× T, Intranasal spray× Feedback× Time. B-H critical value was computed using the following equation = (i/m)×Q, where i indicates the rank
of the raw p-value, m indicates the total number of tests (11), and Q indicates the false discovery rate (FDR; 5, 10, or 20%) (Benjamini and Hochberg, 1995). The bolded numbers indicate
the B-H critical values of four outcome variables that survived the FDR correction of 20%. Minimal detectable effect for each outcome was calculated based on a sensitivity power analysis
while observed effect was based on an actual analysis (both indicate Cohen’s f ).
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interaction with a small size effect (Cohen’s f = 0.17 and 0.15
for partner perceptions and testosterone reactivity [with two
levels] and affective states [with three levels], respectively).
Next, we compared these minimal effect sizes with the observed
effect sizes from our actual analyses. As shown in Table 3,
the observed effect was smaller than the minimal detectable
effect for all outcome variables, except for one variable; for
inferred liking by partner, the observed effect size (Cohen’s
f = 0.20) exceeded the minimal detectable effect calculated by
the sensitivity power analysis (Cohen’s f = 0.17), suggesting that
we had a sufficient power to detect the effect for this variable.
However, our study was generally underpowered to observe
the obtained effect for all other variables, and thus, caution is
necessary to interpret these results.

Discussion

What might seem to be a counter-intuitive finding—
ethnic/racial minoritized individuals often react negatively
to outgroup acceptance—is a common finding in intergroup
literature that is predicted by attributional ambiguity theory.
This theory proposes that minoritized individuals have
additional attributional explanations for White partners’
positive behaviors; they perceive the positive behaviors driven
by White individuals’ concerns over appearing prejudiced rather
than reflecting genuine social acceptance. Theoretically, this
explanation suggests that distrust is an important underlying
mechanism. The key contribution of our work was to test this
premise by examining the effects of intranasal oxytocin on Black
participants’ physiological, affective, and behavioral responses
to outgroup acceptance and rejection. Our results showed that
oxytocin exerted divergent effects depending on the type of
feedback Black participants received from the White partner.

The role of oxytocin in positive
interracial interaction

First, consistent with prior work documenting minoritized
individuals’ negative reactions to positive feedback from White
partners (Crocker et al., 1991; Hoyt et al., 2007; Mendes
et al., 2008), we found that Black participants in the placebo
condition reacted to positive feedback with cardiovascular
reactivity characteristic of threat (i.e., less cardiac efficiency).
In contrast, this deleterious reaction tended to be attenuated
in the oxytocin condition. Instead, oxytocin facilitated more
benign responses, including greater cardiac efficiency, greater
cooperative behavior, and more favorable partner perceptions
over time. Oxytocin did not increase participants’ own liking
of their partner, but it enhanced participants’ inferred liking by
their partner after (vs. before) the in-person interaction. This
result is in line with a recent finding that oxytocin facilitates

more favorable inferences about other people’s intentions,
especially during positive social interactions (i.e., when these
others were more generous during an economic decision-
making game; Zhang et al., 2020). Taken together, our results
suggest that oxytocin may have reduced Black participants’
suspicion stemming from attributional ambiguous treatments,
which in turn, led them to react more favorably to the positive
feedback based on more intuitive responses (i.e., my partner
is nice to me, so I am nice to him/her). These results are
also consistent with the finding that when social acceptance is
perceived as genuine, this can yield equally positive effects on
both minority and majority members (Kunstman et al., 2013).

The role of oxytocin in negative
interracial interaction

We had hypothesized that oxytocin might amplify angry
reactions following outgroup rejection. We found mixed
evidence for this hypothesis, depending on how anger responses
were assessed. When self-reported anger responses were
tested, Black participants given oxytocin (vs. placebo) reported
suppressing their anger less during their interaction with the
partner. This result is in support of our hypothesis and also
consistent with prior findings that oxytocin facilitates angry
reactions when the context involves negative interpersonal cues
(Bosch et al., 2005; DeWall et al., 2014; Ne’eman et al., 2016).
However, oxytocin did not modulate testosterone reactivity
following negative feedback. Yet, our exploratory analysis
showed a suggestive link between these two different proxies
of anger reactions at the individual level. That is, the less
participants suppressed anger during the interaction with their
partner, the greater testosterone reactivity they displayed after
the interaction. Oxytocin reduced Black participants’ regulatory
efforts to modulate their angry feelings following social
rejection, which in turn, may have gradually increased their
anger experience following the interaction, possibly indexed by
the elevated levels of testosterone reactivity (Mehta et al., 2008).

Our results may seem at odds with a recent finding that
oxytocin enables people to cope with an experience of rejection
better (Pfundmair and Echterhoff, 2021). Yet, one critical
difference between their study and ours lies in the source
of rejection. It is established from the intergroup literature
that social rejection from an “outgroup” member engenders
antagonistic reactions (Major et al., 2002; Mendes et al., 2008).
We had hypothesized, guided by the social salience hypothesis,
that oxytocin would amplify such reactions when the context
involves negative interpersonal cues−that is, the presence of
an outgroup member as a source of rejection. In contrast, the
group status of the interaction partner was not made salient
in Pfundmair and Echterhoff (2021) (i.e., using avatars in the
Cyberball game), which may have attenuated the deleterious
reactions typically following social rejection. Future research is
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necessary to test this speculation by directly manipulating the
group status of the interaction partner.

The social salience hypothesis

Taken together, our findings suggest that oxytocin exerts
contrasting effects depending on the nature of social contexts.
Some over-hyped early reports of oxytocin focused on the
seemingly uniformly positive effects, but a large and growing
literature identifies the critical contextual and individual
differences that can moderate oxytocin effects (e.g., Shamay-
Tsoory et al., 2009; Mikolajczak et al., 2010; Bartz, 2016).
Building on this evidence, it has been proposed that oxytocin
enhances perceptual salience of interpersonal cues, thereby
yielding both positive and negative responses depending on
the available social stimuli in a given context (Bartz et al.,
2011; Olff et al., 2013; Shamay-Tsoory and Abu-Akel, 2016).
Our results are consistent with this hypothesis by showing
that oxytocin promotes different profiles of affective and
social responses depending on the type of feedback people
receive during interracial encounters. Furthermore, in support
of the formulation that the enhanced salience of social cues,
enabled by oxytocin, may motivate people to initiate intuitive
and spontaneous actions instead of deliberate and calculated
responses (Ma et al., 2015; Ten Velden et al., 2016), we found
that participants who were given oxytocin, relative to placebo,
exhibited more intuitive reactions to the feedback. In particular,
the finding that participants given oxytocin (vs. placebo)
responded more favorably to the positive feedback is consistent
with emerging evidence that the prosocial effects of oxytocin are
modulated by the amygdala-hippocampal circuitries—the brain
regions that are recruited more for intuitive, affective processing
than for deliberative, controlled processing (Baumgartner et al.,
2008; De Dreu et al., 2015).

Oxytocin and intergroup processes

Our work further extends the current literature on the role
of oxytocin in intergroup contexts by showing that its prosocial
effects are not confined to the boundary of ingroups. In a
series of studies, De Dreu et al. (2010), De Dreu (2012; see
also Sheng et al., 2013) found that the effects of oxytocin were
moderated by group membership; oxytocin facilitated altruistic
responses toward ingroup members while it increased defensive
aggression and derogation against outgroup members. At first
glance, these findings may seem at odds with our result that
oxytocin promoted liking and cooperation toward outgroup
members. We believe that the discrepancy between our finding
and the De Dreu et al. (2010) is likely due to the fact that
whereas we observed the effects of oxytocin under the condition
where positive social cues were present (i.e., following positive

social feedback), De Dreu et al. (2010) examined the role that
oxytocin plays in intergroup competition, a context in which
negative information about outgroups members was made
salient. Consistent with this formulation, one study showed
that oxytocin promotes prosocial behaviors toward outgroup
members in the context of intergroup cooperation (Israel
et al., 2012). Similarly, in the absence of salient negative cues,
oxytocin increases empathetic reaction to outgroup members’
pain (Shamay-Tsoory et al., 2013). Thus, our results do not
necessarily contradict the De Dreu et al. (2010), as both
studies show that oxytocin increases sensitivity to the available
social cues—that is, social feedback and group membership,
respectively. To further examine the independent effects of
these contextual factors, future research is needed to examine
how individuals would respond to different types of social
feedback provided either by a same-race or a different-race
partner. Our study design did not allow us to address this
issue given our focus on Black participants only. Future
extensions of this work are necessary to examine whether the
modulating effects of oxytocin documented in the current work
are generalizable to different racial groups or uniquely observed
among minority members.

Statistical concerns

It is important to note two statistical concerns about
our results. First, when we checked the robustness of our
results by applying corrections for multiple testing, none of
our significant results survived the B-H correction, especially
when the stringent FDR thresholds of 5 or 10% were applied.
Another related concern is that the p-values of most of our
significant effects were just under the conventional threshold
of 0.05 (i.e., ps = 0.048 and 0.049 for anger suppression
and partner perception, respectively). Thus, when a more
conservative threshold is used (e.g., p < 0.005, as recently
proposed by Benjamin et al., 2018), none of our results
may survive. In addition, our analysis on challenge/threat
reactivity, especially the post hoc contrast analysis, was based
on the data-driven approach, which could have inflated
the risk of Type I error (Simmons et al., 2011; Button
et al., 2013; Gelman and Loken, 2014). Taken together, these
points suggest a possibility that our results may include
false positives.

It is important to note, however, that the use of a stringent
FDR threshold for multiple testing (e.g., 5%), while effective
at lowering the probability of false positives, can obscure any
effects that are actually present by increasing the risk of Type
II error (i.e., failure to reject a false null hypothesis). The cost
of missing a potentially important finding might be higher
than the cost of false positives, especially during an initial
discovery stage. Our study was the first investigation to test the
role of intranasal oxytocin within interracial contexts among a
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community sample of Black Americans by combining multiple
methods from social/personality psychology, psychophysiology,
and psychoneuroendocrinology. Given our novel approach, a
less stringent threshold might be more appropriate to identify
potentially interesting findings during this initial discovery.
Importantly, when we applied the less stringent threshold with
the FDR of 20% to reduce the probability of Type II error, all our
significant results remained significant.

The second concern is about statistical power. As another
way to check robustness, we compared the minimal detectable
effect calculated based on the sensitivity power analysis with the
actual, observed effect for each outcome variable. The sensitivity
power analyses showed that the current sample size (N = 103)
would have been sufficient to detect a small-to-medium effect,
and yet, the actually observed effect size was smaller for most
variables (except for one variable), suggesting that our study
was not sufficiently powered. This may be concerning because
underpowered studies are more prone to producing Type I
errors with inflated effect sizes (Ingre, 2013). Consistent with
this view, in their recent review, Walum et al. (2016) concluded
that intranasal oxytocin studies are typically underpowered, and
thus, most published findings might actually be false positives.
Another problem of underpowered studies is a failure to detect
true effects that are actually present (i.e., false negatives). It is
possible that the relatively low power of the current work made
it more susceptible to Type II error, thereby resulting in some
weak effects. A pre-registered replication with a larger sample is
necessary to test our hypothesis more reliably.

Limitations and future directions

Several limitations should be noted before concluding.
First, to minimize the possible impact of the confederates,
they were kept unaware of the feedback manipulation and
were also trained to act in the same neutral way regardless
of how the participant acted toward them. Yet, we were still
not able to hold their reactions completely constant, and this
may have added some variance to our results. Second, not
having blood pressure responses prevented us from providing
a complete replication of Mendes et al. (2008) and limits
the certainty of claiming that the physiological responses are
consistent with “threat” or “challenge” (see also Kubzansky
et al., 2012 for a similar case related to invalid blood pressure
readings). Changes in PEP and CO are consistently related to
challenge and threat responses over the past 20 years of this
work, and furthermore, CO responses are correlated with TPR
(indeed, CO is part of the TPR equation = mean arterial blood
pressure divided by CO), and yet, there is no question that not
having TPR as one of the critical measures that differentiate
challenge and threat is a limitation. Finally, there are several
limitations regarding the testosterone measurement, such as
missing information about inter-assay CVs. In addition, the use

of immunoassays is less optimal than mass spectrometry-based
measurement as it is known to overestimate testosterone levels
among females, thereby reducing the actual gender difference in
testosterone levels (Schultheiss et al., 2018). Future work should
replicate and extend the current finding with the use of mass
spectrometry measurement.

Conclusion

The current research examined the role that intranasal
oxytocin plays in influencing Black participants’ responses
to outgroup acceptance and rejection. It provided the initial
evidence in support of our thesis that oxytocin may enhance
trust in positive interracial encounters, while amplifying
negative reactions to outgroup rejection. It also highlights the
need for future research to refine our knowledge concerning
how oxytocin and social contexts jointly interact to influence
intergroup interactions.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories
and accession number(s) can be found in the article.

Ethics statement

The studies involving human participants were reviewed
and approved by UCSF Committee on Human Research.
The participants provided their written informed consent to
participate in this study.

Author contributions

WBM designed the study, oversaw scoring of physiologic
data, and contributed to analyses and writing. JP supervised
the study protocol and took the lead on analyzing the data
and writing the manuscript. JW supervised the study protocol
and contributed to data interpretation and manuscript writing.
All authors contributed to the article and approved the
submitted version.

Funding

This research was supported by grants from the National
Science Foundation (BCS1430799) and National Institute of
Mental Health T32 (MH019391).

Frontiers in Psychology 17 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.916305
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-916305 August 13, 2022 Time: 16:46 # 18

Park et al. 10.3389/fpsyg.2022.916305

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fpsyg.2022.916305/full#supplementary-material

References

Archer, J. (2006). Testosterone and human aggression: an evaluation of
the challenge hypothesis. Neurosci. Biobehav. Rev. 30, 319–345. doi: 10.1016/j.
neubiorev.2004.12.007

Arueti, M., Perach-Barzilay, N., Tsoory, M. M., Berger, B., Getter, N., and
Shamay-Tsoory, S. G. (2013). When two become one: The role of oxytocin in
interpersonal coordination and cooperation. J. Cogn. Neurosci. 25, 1418–1427.
doi: 10.1162/jocn_a_00400

Bartz, J. A. (2016). Oxytocin and the pharmacological dissection of affiliation.
Curr. Direct. Psychol. Sci. 25, 104–110. doi: 10.1177/0963721415626678

Bartz, J. A., Zaki, J., Bolger, N., and Ochsner, K. N. (2011). Social effects of
oxytocin in humans: Context and person matter. Trends Cogn. Sci. 15, 301–309.
doi: 10.1016/j.tics.2011.05.002

Baumeister, R. F., and Leary, M. R. (1995). The need to belong: Desire for
interpersonal attachments as a fundamental human motivation. Psychol. Bull. 117,
497–529.

Baumgartner, T., Heinrichs, M., Vonlanthen, A., Fischbacher, U., and Fehr,
E. (2008). Oxytocin shapes the neural circuitry of trust and trust adaptation in
humans. Neuron 58, 639–650. doi: 10.1016/j.neuron.2008.04.009

Benjamin, D. J., Berger, J. O., Johannesson, M., Nosek, B. A., Wagenmakers, E. J.,
Berk, R., et al. (2018). Redefine statistical significance. Nat. Hum. Behav. 2, 6–10.
doi: 10.1038/s41562-017-0189-z

Benjamini, Y., and Hochberg, Y. (1995). Controlling the false discovery rate:
A practical and powerful approach to multiple testing. J. R. Stat. Soc. Ser. B
(Methodol.) 57, 289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x

Blascovich, J., and Mendes, W. B. (2000). “Challenge and threat appraisals: The
role of affective cues,” in Feeling and thinking: the role of affect in social cognition,
ed. J. Forgas (Cambridge: Cambridge University Press), 59–82.

Bosch, O. J., Meddle, S. L., Beiderbeck, D. I., Douglas, A. J., and Neumann,
I. D. (2005). Brain oxytocin correlates with maternal aggression: Link to anxiety.
J. Neurosci. 25, 6807–6815. doi: 10.1523/JNEUROSCI.1342-05.2005

Button, K. S., Ioannidis, J. P., Mokrysz, C., Nosek, B. A., Flint, J., Robinson,
E. S., et al. (2013). Power failure: Why small sample size undermines the reliability
of neuroscience. Nat. Rev. Neurosci. 14, 365–376. doi: 10.1038/nrn3475

Cardoso, C., Kingdon, D., and Ellenbogen, M. A. (2014). A meta-analytic
review of the impact of intranasal oxytocin administration on cortisol
concentrations during laboratory tasks: Moderation by method and mental health.
Psychoneuroendocrinology 49, 161–170. doi: 10.1016/j.psyneuen.2014.07.014

Churchland, P. S., and Winkielman, P. (2012). Modulating social behavior with
oxytocin: How does it work? What does it mean? Horm. Behav. 61, 392–399.
doi: 10.1016/j.yhbeh.2011.12.003

Conover, W. J., and Iman, R. L. (1981). Rank transformations as a bridge
between parametric and nonparametric statistics. Am. Stat. 35, 124–129. doi:
10.1080/00031305.1981.10479327

Crocker, J., Cornwell, B., and Major, B. (1993). The stigma of overweight:
Affective consequences of attributional ambiguity. J. Pers. Soc. Psychol. 64, 60–70.
doi: 10.1037/0022-3514.64.1.60

Crocker, J., and Major, B. (1989). Social stigma and self-esteem: The self-
protective properties of stigma. Psychol. Rev. 96, 608–630. doi: 10.1037/0033-295X.
96.4.608

Crocker, J., Voelkl, K., Testa, M., and Major, B. (1991). Social stigma: The
affective consequences of attributional ambiguity. J. Pers. Soc. Psychol. 60, 218–228.
doi: 10.1037/0022-3514.60.2.218

De Dreu, C. K. (2012). Oxytocin modulates cooperation within and competition
between groups: An integrative review and research agenda. Horm. Behav. 61,
419–428. doi: 10.1016/j.yhbeh.2011.12.009

De Dreu, C. K., Greer, L. L., Handgraaf, M. J., Shalvi, S., Van Kleef, G. A.,
Baas, M., et al. (2010). The neuropeptide oxytocin regulates parochial altruism in
intergroup conflict among humans. Science 328, 1408–1411. doi: 10.1126/science.
1189047

De Dreu, C. K., Scholte, H. S., van Winden, F. A., and Ridderinkhof, K. R.
(2015). Oxytocin tempers calculated greed but not impulsive defense in predator-
prey contests. Soc. Cogn. Affect. Neurosci. 10, 721–728. doi: 10.1093/scan/ns
u109

Declerck, C. H., Boone, C., Pauwels, L., Vogt, B., and Fehr, E. (2020). A registered
replication study on oxytocin and trust. Nat. Hum. Behav. 4, 646–655. doi: 10.1038/
s41562-020-0878-x

DeWall, C. N., Gillath, O., Pressman, S. D., Black, L. L., Bartz, J. A., Moskovitz,
J., et al. (2014). When the love hormone leads to violence: Oxytocin increases
intimate partner violence inclinations among high trait aggressive people. Soc.
Psychol. Pers. Sci. 5, 691–697. doi: 10.1177/1948550613516876

Dickerson, S. S., Gruenewald, T. L., and Kemeny, M. E. (2004). When
the social self is threatened: Shame, physiology, and health. J. Pers. 72,
1191–1216.

Engel, S., Klusmann, H., Ditzen, B., Knaevelsrud, C., and Schumacher, S. (2019).
Menstrual cycle-related fluctuations in oxytocin concentrations: A systematic
review and meta-analysis. Front. Neuroendocrinol. 52, 144–155. doi: 10.1016/j.
yfrne.2018.11.002

Faul, F., Erdfelder, E., Buchner, A., and Lang, A. G. (2009). Statistical power
analyses using G∗Power 3.1: Tests for correlation and regression analyses. Behav.
Res. Methods 41, 1149–1160. doi: 10.3758/BRM.41.4.1149

Gelman, A., and Loken, E. (2014). The statistical crisis in science: Data-
dependent analysis–a" garden of forking paths"–explains why many statistically
significant comparisons don’t hold up. Am. Sci. 102, 460–466.

Harber, K. D., Stafford, R., and Kennedy, K. A. (2010). The positive feedback
bias as a response to self-image threat. Br. J. Soc. Psychol. 49, 207–218. doi: 10.
1348/014466609X473956

Hoyt, C. L., Aguilar, L., Kaiser, C. R., Blascovich, J., and Lee, K. (2007). The self-
protective and undermining effects of attributional ambiguity. J. Exp. Soc. Psychol.
43, 884–893. doi: 10.1016/j.jesp.2006.10.013

Human, L. J., Woolley, J. D., and Mendes, W. B. (2018). Effects of oxytocin
administration on receiving help. Emotion 18, 980–988. doi: 10.1037/emo000
0369

Hurlemann, R., Patin, A., Onur, O. A., Cohen, M. X., Baumgartner, T., Metzler,
S., et al. (2010). Oxytocin enhances amygdala-dependent, socially reinforced
learning and emotional empathy in humans. J. Neurosci. 30, 4999–5007. doi:
10.1523/JNEUROSCI.5538-09.2010

Ingre, M. (2013). Why small low-powered studies are worse than large high-
powered studies and how to protect against “trivial” findings in research:

Frontiers in Psychology 18 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.916305
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.916305/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.916305/full#supplementary-material
https://doi.org/10.1016/j.neubiorev.2004.12.007
https://doi.org/10.1016/j.neubiorev.2004.12.007
https://doi.org/10.1162/jocn_a_00400
https://doi.org/10.1177/0963721415626678
https://doi.org/10.1016/j.tics.2011.05.002
https://doi.org/10.1016/j.neuron.2008.04.009
https://doi.org/10.1038/s41562-017-0189-z
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1523/JNEUROSCI.1342-05.2005
https://doi.org/10.1038/nrn3475
https://doi.org/10.1016/j.psyneuen.2014.07.014
https://doi.org/10.1016/j.yhbeh.2011.12.003
https://doi.org/10.1080/00031305.1981.10479327
https://doi.org/10.1080/00031305.1981.10479327
https://doi.org/10.1037/0022-3514.64.1.60
https://doi.org/10.1037/0033-295X.96.4.608
https://doi.org/10.1037/0033-295X.96.4.608
https://doi.org/10.1037/0022-3514.60.2.218
https://doi.org/10.1016/j.yhbeh.2011.12.009
https://doi.org/10.1126/science.1189047
https://doi.org/10.1126/science.1189047
https://doi.org/10.1093/scan/nsu109
https://doi.org/10.1093/scan/nsu109
https://doi.org/10.1038/s41562-020-0878-x
https://doi.org/10.1038/s41562-020-0878-x
https://doi.org/10.1177/1948550613516876
https://doi.org/10.1016/j.yfrne.2018.11.002
https://doi.org/10.1016/j.yfrne.2018.11.002
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1348/014466609X473956
https://doi.org/10.1348/014466609X473956
https://doi.org/10.1016/j.jesp.2006.10.013
https://doi.org/10.1037/emo0000369
https://doi.org/10.1037/emo0000369
https://doi.org/10.1523/JNEUROSCI.5538-09.2010
https://doi.org/10.1523/JNEUROSCI.5538-09.2010
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-916305 August 13, 2022 Time: 16:46 # 19

Park et al. 10.3389/fpsyg.2022.916305

Comment on Friston (2012). Neuroimage 81, 496–498. doi: 10.1016/j.neuroimage.
2013.03.030

Ishii, K., and Kurzban, R. (2008). Public goods games in Japan: Cultural and
individual differences in reciprocity. Hum. Nat. 19, 138–156. doi: 10.1007/s12110-
008-9034-4

Israel, S., Weisel, O., Ebstein, R. P., and Bornstein, G. (2012). Oxytocin,
but not vasopressin, increases both parochial and universal altruism.
Psychoneuroendocrinology 37, 1341–1344. doi: 10.1016/j.psyneuen.2012.0
2.001

Jose, V. R. R., and Winkler, R. L. (2008). Simple robust averages of forecasts:
Some empirical results. Int. J. Forecasting 24, 163–169. doi: 10.1016/j.ijforecast.
2007.06.001

Kosfeld, M., Heinrichs, M., Zak, P. J., Fischbacher, U., and Fehr, E. (2005).
Oxytocin increases trust in humans. Nature 435, 673–676. doi: 10.1038/
nature03701

Kreibig, S. D. (2010). Autonomic nervous system activity in emotion: A review.
Biol. Psychol. 84, 394–421. doi: 10.1016/j.biopsycho.2010.03.010

Kubzansky, L. D., Mendes, W. B., Appleton, A. A., Block, J., and Adler,
G. K. (2012). A heartfelt response: Oxytocin effects on response to social
stress in men and women. Biol. Psychol. 90, 1–9. doi: 10.1016/j.biopsycho.201
2.02.010

Kudielka, B. M., and Kirschbaum, C. (2005). Sex differences in HPA axis
responses to stress: A review. Biol. Psychol. 69, 113–132.

Kunstman, J. W., and Fitzpatrick, C. B. (2018). Why are they being so nice to
us? Social identity threat and the suspicion of Whites’ motives. Self Identity 17,
432–442. doi: 10.1080/15298868.2017.1413007

Kunstman, J. W., Plant, E. A., Zielaskowski, K., and LaCosse, J. (2013). Feeling in
with the outgroup: Outgroup acceptance and the internalization of the motivation
to respond without prejudice. J. Pers. Soc. Psychol. 105, 443–457. doi: 10.1037/
a0033082

LaCosse, J., Tuscherer, T., Kunstman, J. W., Plant, E. A., Trawalter, S., and
Major, B. (2015). Suspicion of White people’s motives relates to relative accuracy
in detecting external motivation to respond without prejudice. J. Exp. Soc. Psychol.
61, 1–4. doi: 10.1016/j.jesp.2015.06.003

Ma, Y., Liu, Y., Rand, D. G., Heatherton, T. F., and Han, S. (2015). Opposing
oxytocin effects on intergroup cooperative behavior in intuitive and reflective
minds. Neuropsychopharmacology 40, 2379–2387. doi: 10.1038/npp.2015.87

Macdonald, K., and Macdonald, T. M. (2010). The peptide that binds: A
systematic review of oxytocin and its prosocial effects in humans. Harvard Rev.
Psychiatry 18, 1–21. doi: 10.3109/10673220903523615

Major, B., Kunstman, J. W., Malta, B. D., Sawyer, P. J., Townsend, S. S., and
Mendes, W. B. (2016). Suspicion of motives predicts minorities’ responses to
positive feedback in interracial interactions. J. Exp. Soc. Psychol. 62, 75–88. doi:
10.1016/j.jesp.2015.10.007

Major, B., and O’Brien, L. T. (2005). The social psychology of stigma. Annu. Rev.
Psychol. 56, 393–421. doi: 10.1146/annurev.psych.56.091103.070137

Major, B., Quinton, W. J., and McCoy, S. K. (2002). Antecedents and
consequences of attributions to discrimination: Theoretical and empirical
advances. Adv. Exp. Soc. Psychol. 34, 251–330. doi: 10.1016/s0065-2601(02)8
0007-7

Major, B., Sawyer, P. J., and Kunstman, J. W. (2013). Minority perceptions of
Whites’ motives for responding without prejudice: The perceived internal and
external motivation to avoid prejudice scales. Pers. Soc. Psychol. Bull. 39, 401–414.
doi: 10.1177/0146167213475367

Maner, J. K., Miller, S. L., Schmidt, N. B., and Eckel, L. A. (2008). Submitting to
defeat: Social anxiety, dominance threat, and decrements in testosterone. Psychol.
Sci. 19, 764–768. doi: 10.1111/j.1467-9280.2008.02154.x

McDonald, J. H. (2015). Multiple comparisons -Spreadsheet [Apparatus].
Available online at: http://www.biostathandbook.com/multiplecomparisons.html
(accessed June 11, 2022).

Mehta, P. H., Jones, A. C., and Josephs, R. A. (2008). The social endocrinology
of dominance: Basal testosterone predicts cortisol changes and behavior following
victory and defeat. J. Pers. Soc. Psychol. 94, 1078–1093. doi: 10.1037/0022-3514.94.
6.1078

Mendes, W. B., and Koslov, K. (2013). Brittle smiles: Positive biases toward
stigmatized and outgroup targets. J. Exp. Psychol. Gen. 142, 923–933. doi: 10.1037/
a0029663

Mendes, W. B., Major, B., McCoy, S., and Blascovich, J. (2008). How
attributional ambiguity shapes physiological and emotional responses to social
rejection and acceptance. J. Pers. Soc. Psychol. 94, 278–291. doi: 10.1037/0022-
3514.94.2.278

Mendes, W. B., and Park, J. (2014). Neurobiological concomitants of
motivational states. Adv. Motivat. Sci. 1, 233–270. doi: 10.1016/bs.adms.2014.09.
001

Mierop, A., Mikolajczak, M., Stahl, C., Béna, J., Luminet, O., Lane, A., et al.
(2020). How can intranasal oxytocin research be trusted? A systematic review of
the interactive effects of intranasal oxytocin on psychosocial outcomes. Perspect.
Psychol. Sci. 15, 1228–1242. doi: 10.1177/1745691620921525

Mikolajczak, M., Gross, J. J., Lane, A., Corneille, O., de Timary, P., and Luminet,
O. (2010). Oxytocin makes people trusting, not gullible. Psychol. Sci. 21, 1072–
1074. doi: 10.1177/0956797610377343

Nave, G., Camerer, C., and McCullough, M. (2015). Does oxytocin increase
trust in humans? A critical review of research. Perspect. Psychol. Sci. 10, 772–789.
doi: 10.1177/1745691615600138

Ne’eman, R., Perach-Barzilay, N., Fischer-Shofty, M., Atias, A., and Shamay-
Tsoory, S. G. (2016). Intranasal administration of oxytocin increases human
aggressive behavior. Horm. Behav. 80, 125–131. doi: 10.1016/j.yhbeh.2016.01.015

Norman, G. J., Cacioppo, J. T., Morris, J. S., Malarkey, W. B., Berntson,
G. G., and Devries, A. C. (2011). Oxytocin increases autonomic cardiac control:
Moderation by loneliness. Biol. Psychol. 86, 174–180. doi: 10.1016/j.biopsycho.
2010.11.006

Olff, M., Frijling, J. L., Kubzansky, L. D., Bradley, B., Ellenbogen, M. A., Cardoso,
C., et al. (2013). The role of oxytocin in social bonding, stress regulation and
mental health: An update on the moderating effects of context and interindividual
differences. Psychoneuroendocrinology 38, 1883–1894. doi: 10.1016/j.psyneuen.
2013.06.019

Petereit, P., Rinn, C., Stemmler, G., and Mueller, E. M. (2019). Oxytocin reduces
the link between neural and affective responses after social exclusion. Biol. Psychol.
145, 224–235. doi: 10.1016/j.biopsycho.2019.05.002

Pfundmair, M., and Echterhoff, G. (2021). Does oxytocin shield against negative
effects of ostracism? A replication and extension. Biol. Psychol. 163:108128. doi:
10.1016/j.biopsycho.2021.108128

Plant, E. A., and Devine, P. G. (2003). The antecedents and implications
of interracial anxiety. Pers. Soc. Psychol. Bull. 29, 790–801. doi: 10.1177/
0146167203029006011

Schultheiss, O. C., Dlugash, G., and Mehta, P. H. (2018). “Hormone
measurement in social neuroendocrinology: A comparison of immunoassay
and mass spectrometry methods,” in Routledge international handbook of social
neuroendocrinology, eds O. C. Schultheiss, and P. H. Mehta (Milton Park:
Routledge), 26–40.

Shamay-Tsoory, S. G., and Abu-Akel, A. (2016). The social salience hypothesis
of oxytocin. Biol. Psychiatry 79, 194–202. doi: 10.1016/j.biopsych.2015.07.020

Shamay-Tsoory, S. G., Abu-Akel, A., Palgi, S., Sulieman, R., Fischer-Shofty, M.,
Levkovitz, Y., et al. (2013). Giving peace a chance: Oxytocin increases empathy
to pain in the context of the Israeli-Palestinian conflict. Psychoneuroendocrinology
38, 3139–3144. doi: 10.1016/j.psyneuen.2013.09.015

Shamay-Tsoory, S. G., Fischer, M., Dvash, J., Harari, H., Perach-Bloom, N., and
Levkovitz, Y. (2009). Intranasal administration of oxytocin increases envy and
schadenfreude (gloating). Biol. Psychiatry 66, 864–870. doi: 10.1016/j.biopsych.
2009.06.009

Sheng, F., Liu, Y., Zhou, B., Zhou, W., and Han, S. (2013). Oxytocin modulates
the racial bias in neural responses to others’ suffering. Biol. Psychol. 92, 380–386.
doi: 10.1016/j.biopsycho.2012.11.018

Simmons, J. P., Nelson, L. D., and Simonsohn, U. (2011). False-positive
psychology: Undisclosed flexibility in data collection and analysis allows
presenting anything as significant. Psychol. Sci. 22, 1359–1366. doi: 10.1177/
0956797611417632

Sinclair, L., and Kunda, Z. (2000). Motivated stereotyping of women: She’s fine
if she praised me but incompetent if she criticized me. Pers. Soc. Psychol. Bull. 26,
1329–1342. doi: 10.1177/0146167200263002

Spielberger, C. D., Johnson, E. H., Jacobs, G. A., Krasner, S. S., Oesterle, S. E.,
and Worden, T. J. (1986). The anger expression (AX) scale. Tampa, FL: Center for
Research in Behavioral Medicine and Community Psychology.

Stemmler, G. (1989). The autonomic differentiation of emotions revisited:
Convergent and discriminant validation. Psychophysiology 26, 617–632. doi: 10.
1111/j.1469-8986.1989.tb03163.x

Striepens, N., Kendrick, K. M., Maier, W., and Hurlemann, R. (2011).
Prosocial effects of oxytocin and clinical evidence for its therapeutic
potential. Front. Neuroendocrinol. 32, 426–450. doi: 10.1016/j.yfrne.2011.
07.001

Ten Velden, F. S., Daughters, K., and De Dreu, C. K. (2016). Oxytocin promotes
intuitive rather than deliberated cooperation with the in-group. Horm. Behav. 92,
164–171. doi: 10.1016/j.yhbeh.2016.06.005

Frontiers in Psychology 19 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.916305
https://doi.org/10.1016/j.neuroimage.2013.03.030
https://doi.org/10.1016/j.neuroimage.2013.03.030
https://doi.org/10.1007/s12110-008-9034-4
https://doi.org/10.1007/s12110-008-9034-4
https://doi.org/10.1016/j.psyneuen.2012.02.001
https://doi.org/10.1016/j.psyneuen.2012.02.001
https://doi.org/10.1016/j.ijforecast.2007.06.001
https://doi.org/10.1016/j.ijforecast.2007.06.001
https://doi.org/10.1038/nature03701
https://doi.org/10.1038/nature03701
https://doi.org/10.1016/j.biopsycho.2010.03.010
https://doi.org/10.1016/j.biopsycho.2012.02.010
https://doi.org/10.1016/j.biopsycho.2012.02.010
https://doi.org/10.1080/15298868.2017.1413007
https://doi.org/10.1037/a0033082
https://doi.org/10.1037/a0033082
https://doi.org/10.1016/j.jesp.2015.06.003
https://doi.org/10.1038/npp.2015.87
https://doi.org/10.3109/10673220903523615
https://doi.org/10.1016/j.jesp.2015.10.007
https://doi.org/10.1016/j.jesp.2015.10.007
https://doi.org/10.1146/annurev.psych.56.091103.070137
https://doi.org/10.1016/s0065-2601(02)80007-7
https://doi.org/10.1016/s0065-2601(02)80007-7
https://doi.org/10.1177/0146167213475367
https://doi.org/10.1111/j.1467-9280.2008.02154.x
http://www.biostathandbook.com/multiplecomparisons.html
https://doi.org/10.1037/0022-3514.94.6.1078
https://doi.org/10.1037/0022-3514.94.6.1078
https://doi.org/10.1037/a0029663
https://doi.org/10.1037/a0029663
https://doi.org/10.1037/0022-3514.94.2.278
https://doi.org/10.1037/0022-3514.94.2.278
https://doi.org/10.1016/bs.adms.2014.09.001
https://doi.org/10.1016/bs.adms.2014.09.001
https://doi.org/10.1177/1745691620921525
https://doi.org/10.1177/0956797610377343
https://doi.org/10.1177/1745691615600138
https://doi.org/10.1016/j.yhbeh.2016.01.015
https://doi.org/10.1016/j.biopsycho.2010.11.006
https://doi.org/10.1016/j.biopsycho.2010.11.006
https://doi.org/10.1016/j.psyneuen.2013.06.019
https://doi.org/10.1016/j.psyneuen.2013.06.019
https://doi.org/10.1016/j.biopsycho.2019.05.002
https://doi.org/10.1016/j.biopsycho.2021.108128
https://doi.org/10.1016/j.biopsycho.2021.108128
https://doi.org/10.1177/0146167203029006011
https://doi.org/10.1177/0146167203029006011
https://doi.org/10.1016/j.biopsych.2015.07.020
https://doi.org/10.1016/j.psyneuen.2013.09.015
https://doi.org/10.1016/j.biopsych.2009.06.009
https://doi.org/10.1016/j.biopsych.2009.06.009
https://doi.org/10.1016/j.biopsycho.2012.11.018
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1177/0146167200263002
https://doi.org/10.1111/j.1469-8986.1989.tb03163.x
https://doi.org/10.1111/j.1469-8986.1989.tb03163.x
https://doi.org/10.1016/j.yfrne.2011.07.001
https://doi.org/10.1016/j.yfrne.2011.07.001
https://doi.org/10.1016/j.yhbeh.2016.06.005
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-916305 August 13, 2022 Time: 16:46 # 20

Park et al. 10.3389/fpsyg.2022.916305

Thorson, K. R., McKerman, S. M., West, T. V., Mendes, W. B., Woolley, J.,
and Stauffer, C. S. (2021). Oxytocin increase physiological linkage during group
therapy for methamphetamine use disorder: A randomized clinical trial. Sci. Rep.
11:21004.

Touitou, Y., and Haus, E. (2000). Alterations with aging of the endocrine and
neuroendocrine circadian system in humans. Chronobiol. Int. J. Biol. Med. Rhythm
Res. 17, 369–390. doi: 10.1081/cbi-100101052

van den Bos, K. (2009). Making sense of life: The existential self trying
to deal with personal uncertainty. Psychol. Inquiry 20, 197–217. doi: 10.1080/
10478400903333411

Walum, H., Waldman, I. D., and Young, L. J. (2016). Statistical and
methodological considerations for the interpretation of intranasal oxytocin
studies. Biol. Psychiatry 79, 251–257. doi: 10.1016/j.biopsych.2015.0
6.016

Watson, D., Clark, L. A., and Tellegen, A. (1988). Development and
validation of brief measures of positive and negative affect: The PANAS

scales. J. Pers. Soc. Psychol. 54, 1063–1070. doi: 10.1037/0022-3514.54.6.
1063

West, T. V., Koslov, K., Page-Gould, E., Major, B., and Mendes, W. B.
(2017). Contagious anxiety: Anxious European Americans can transmit their
physiological reactivity to African Americans. Psychol. Sci. 28, 1796–1806. doi:
10.1177/0956797617722551

Wilcox, R. R. (2011). Introduction to robust estimation and hypothesis testing.
Cambridge: Academic press.

Woolley, J. D., Arcuni, P. A., Stauffer, C. S., Fulford, D., Carson,
D. S., Batki, S., et al. (2016). The effects of intranasal oxytocin in
opioid-dependent individuals and healthy control subjects: A pilot
study. Psychopharmacology 233, 2571–2580. doi: 10.1007/s00213-016-
4308-8

Zhang, J., Zhou, C., and Yu, R. (2020). Oxytocin amplifies the influence of good
intentions on social judgments. Horm. Behav. 117:104589. doi: 10.1016/j.yhbeh.
2019.104589

Frontiers in Psychology 20 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.916305
https://doi.org/10.1081/cbi-100101052
https://doi.org/10.1080/10478400903333411
https://doi.org/10.1080/10478400903333411
https://doi.org/10.1016/j.biopsych.2015.06.016
https://doi.org/10.1016/j.biopsych.2015.06.016
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1177/0956797617722551
https://doi.org/10.1177/0956797617722551
https://doi.org/10.1007/s00213-016-4308-8
https://doi.org/10.1007/s00213-016-4308-8
https://doi.org/10.1016/j.yhbeh.2019.104589
https://doi.org/10.1016/j.yhbeh.2019.104589
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/

	The effects of intranasal oxytocin on black participants' responses to outgroup acceptance and rejection
	Introduction
	Paradoxical responses to social acceptance
	Oxytocin and social processes: The social salience hypothesis
	Research overview

	Materials and methods
	Participants
	Procedure
	Phase 1: Arrival and baseline saliva assessment
	Phase 2: Intranasal spray and baseline physiological recording
	Phase 3: Speech task
	Phase 4: Feedback manipulation
	Phase 5: In-person interaction
	Phase 6: Public goods provision task

	Measures
	Cardiovascular responses
	Testosterone responses
	Self-report measures
	Partner perception
	Affective states
	Anger expression



	Results
	Data analyses overview
	Cardiovascular responses
	Public goods provision
	Partner perceptions
	Affective states
	Anger expression
	Testosterone reactivity
	Robustness checks

	Discussion
	The role of oxytocin in positive interracial interaction
	The role of oxytocin in negative interracial interaction
	The social salience hypothesis
	Oxytocin and intergroup processes
	Statistical concerns
	Limitations and future directions

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


