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Fluctuations in self-esteem resulting from social acceptance and
rejection could guide social behaviour by putting us in a state
that is more or less open to social experiences. However,
it remains unclear whether social acceptance and rejection
may shape learning from social information depending on
individual differences in self-esteem changes. Here we used a
social feedback paradigm to manipulate social acceptance and
rejection in a between-subjects design. Subsequently, we
administered a behavioural task that enables the assessment of
how well individuals learn on the basis of own experiences
versus social information. Participants receiving positive (N=
43) versus negative (N= 44) social evaluation demonstrated an
increase in subjective self-esteem. Importantly, the effect of the
social evaluation on social learning was moderated by self-
esteem changes. Specifically, an increase in self-esteem, as
induced by positive evaluation, was associated with increased
learning from social, but decreased learning from individual
information. A decrease in self-esteem in response to negative
evaluation was associated with decreased learning from
individual information. These data suggest that increases in
self-esteem in response to positive evaluation can induce a shift
in the inclination to use social versus non-social information
and may open one up to constructive learning from others.
1. Introduction
In a wide range of decisions, including everyday choices as what
to wear and larger decisions around which job to apply for, we
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take social advice into account. Such instrumental decisions are guided by information coming from

personal experiences of reward and punishment, as well as information from our social partners [1,2].
It has been theorized that social learning is evolutionarily adaptive, as it allows us to accumulate
large amounts of complex knowledge in an efficient way across generations [2–4]. Indeed,
observational learning, complex imitation, understanding of social cues and theory of mind play an
important role in the human acquisition of cognitive skills and knowledge [5]. From a decision
theoretic perspective, the ability to consider social information in the decision-making process is
beneficial as this allows more optimal choice selection [6,7].

To make decisions, people combine signals derived from two parallel processes that support learning
from social and personal reward-based information [6,8]. For optimal decision-making, it is important to
be able to flexibly learn from social information and personal experiences allowing us to adaptively
interact with the environment [9,10]. For instance, it may be relevant to adapt the tendency toward
incorporating social information in decisions depending on the qualities of the source providing the
social information (e.g. trustworthiness, intentions) [6,11]. Previous interaction experiences can foster
the propensity to flexibly shift between relying on one’s own perception and using social information.
Importantly, the type of social interactions people have had, now or in the past (e.g. positive,
negative), may put us in a state that is more or less open to learning from others [12]. However, it
remains largely unknown how common consequences of daily social interactions, such as positive
versus negative social experiences, influence the way in which individuals learn from social
information. Research on this topic is relatively scarce, and—as we will outline below—the literature
concerning the effects of positive and negative social experiences on social processing is rather
inconsistent. To fill this gap, the main aim of the current study is to investigate how social acceptance
versus rejection, manipulated with a social feedback paradigm, influences social learning.

A desire to belong and connect to others is thought to drive people to continuously monitor social
interactions for cues that are indicative of acceptance and rejection [13–15]. People can pick up cues of
acceptance or rejection through the feedback they receive from others based on their personal
characteristics such as being thought of as charming or arrogant. Such social monitoring could play
an important role in guiding our behaviour in a social environment [16–18]. It has been shown that
social rejection motivates behaviours that aim to increase acceptance and strengthen interpersonal
connection [15]. After social rejection, individuals may show increased social attentiveness and
sensitivity to social cues [13,19], prosocial behaviour [20,21] and a preference for social interactions
[22–24]. Additionally, one study showed that individuals reduced reliance on misleading social
information in their decision-making after social rejection, but not after social acceptance, resulting in
better performance in a social context [25]. Hence, social rejection can increase the sensitivity to social
information which may be beneficial in a decision-making context.

While findings support increased social information processing following social rejection, other
findings support reduced openness to social information. Social rejection can lead to interpersonal
distrust and hence withdrawal, especially when the rejection is more chronic and severe [15,26–30].
For instance, rejected individuals may be inclined to avoid perpetrators of social rejection and even
social interactions in general. It has also been shown that rejected individuals may react with
aggression towards those who rejected them [31].

In addition to these contradicting findings on the effect of social rejection, there is a dearth of studies on
how social acceptance influences social connections and social information processing. There is some evidence
that social acceptance may foster trust in others [32] and enhance social information processing [33]. A
functional magnetic resonance imaging study found that when people’s positive self-views are confirmed,
they may be more open to others indicated by a greater liking of the person that provided feedback
indicative of social acceptance [34].

One aspect that could aid in reconciling the seemingly opposing findings and understanding these
varied behavioural responses to social evaluation, is that these behaviours may depend on individual
differences in reactions to social evaluations that can be measured as changes in state self-esteem
[15,34–37]. Fluctuations in self-esteem in response to social evaluation are thought to guide our
behaviour in a social context [16–18]. For example, some people may internalize the rejection and
show a decrease in self-esteem after social rejection. This reaction has been referred to as a breaking
response where the individual lowers their self-expectations to be in line with rejection [38]. People
who experience a decrease in self-esteem after social rejection will feel the need to reconnect and be
open to others (e.g. [17]). On the other hand, people may reconstrue the rejection so that it is less of a
threat to the self, i.e. when the rejection is attributed externally and self-esteem increases. An increase
in self-esteem after rejection could be part of a compensating reaction that results in evaluating others
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more negatively [38]. Hence, an increase in self-esteem after rejection may reduce the openness to social

information. Regarding social acceptance, previous studies have shown that when positive evaluations
had an uplifting effect, such as when it confirms people’s self-views, others are evaluated more
positively [32,34]. Therefore, social acceptance, particularly when it increases self-esteem, may be
related to being more open to social information.

Thus, the effects of positive and negative social evaluations on one’s openness to social information
could depend on individual differences in how self-esteem changes in response to social evaluation.
Specifically, the effects of rejection (versus acceptance) on social information use could be moderated
by self-esteem. To investigate this idea directly, this study set out to assess the effects of social
evaluation (positive versus negative) on social learning (versus individual learning). We were
interested in the role of changes in state self-esteem in response to rejection and acceptance to
understand if this may relate to the degree of social learning [17,38]. We used a modified version of a
social feedback paradigm to manipulate social acceptance and rejection between subjects [34,35].
During this manipulation, participants received either standardized positive or negative social
feedback, which was supposedly based on their personal characteristics. Subsequently, participants
performed a social-learning task which enabled the assessment of learning from social versus
individual information [6,39].

Consistent with previous findings using social feedback paradigms [34,35], we expected that overall
the group receiving positive social evaluations would show an increase, whereas the group receiving
negative social evaluations would show a decrease in self-esteem. Critically, we expected an
interaction effect where the individual differences in the degree of self-esteem change after social
rejection and acceptance relate to individual differences in social learning [38]. In line with literature
pointing to increased efficiency in social information processing after social rejection [13,19], it could
be hypothesized that negative (versus positive) social evaluations would increase the reliance on
social information, specifically in those who react with a decrease in self-esteem. Conversely, negative
(versus positive) social evaluations may decrease social learning [15,33], in those who react with an
increase in self-esteem. Finally, positive (versus negative) social evaluations may increase social
learning, specifically in those who react with an increase in self-esteem [32]. This study was restricted
to women based on findings demonstrating increased response to social evaluation in women [40,41].
2. Material and methods
All materials, data and codes can be found on OSF: https://doi.org/10.17605/OSF.IO/PZT47.

2.1. Participants
We originally planned to include ninety participants based on our previous effects using versions of the
social feedback paradigm (see below), but due to availability of resources we managed to recruit eighty-
eight students and recent graduates from Leiden University. Due to technical problems, one participant
(from the positive feedback condition) could not perform the social-learning task and was therefore
excluded from the analyses. Thus, the final sample consisted of 87 female participants (Mage = 21.91,
s.d. = 3.36, range = 18–30 years). All participants demonstrated normal or corrected-to-normal visual
acuity and sufficient level of English in speaking and reading. Exclusion criteria were current
neurological and psychiatric disorders, regular use of medication (except for contraceptives), use of
psychotropic drugs, pregnancy or being under the influence of alcohol or the aftermath thereof. All
participants gave written informed consent and received payment or course credits as a
reimbursement for participation. The study was approved by the internal Psychology Research Ethics
Committee of Leiden University (CEP17-0516/208).

2.2. General procedure
Participants were screened for the exclusion criteria via a questionnaire that was sent by e-mail. After
screening and inclusion, one experimental session took place at the laboratory of Leiden University. In
a between-subjects design, participants were randomized to receive either positive or negative social
feedback from a ‘social feedback provider’ (confederate 1) during the social feedback paradigm.
Subsequently, participants performed the social-learning task, which assessed how much individuals
learned from social information, and individual information (individual experience based on outcome

https://doi.org/10.17605/OSF.IO/PZT47
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Figure 1. Social feedback paradigm (left). Participants received social feedback on a screen putatively coming from a social feedback
provider (confederate 1) based on a personal interview. Social-learning task (right). After the personal social feedback, participants
performed the social-learning task, which indexes learning from social information putatively given by a social advisor (confederate
2) versus learning from individually experienced non-social information (outcome history). Example: social (red) and individual (blue)
Bayesian learner models. Red dashed lines represent programmed probabilities of correct social information and blue dashed lines of
the blue choice being correct; solid lines represent estimated probabilities underlying the programmed sequences.
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history). In this learning task, participants received social advice supposedly given by a ‘social advisor’
(confederate 2). To increase the credibility of the procedure, participants were introduced to two people at
the start of the session who in reality were confederates to the study. They were informed that they would
be partaking together in the study with different roles that were supposedly decided on the spot. See
electronic supplementary material, S1, for more details about the general procedure. State self-esteem
was assessed before and after the social feedback paradigm, as well as after the social-learning task to
determine immediate and delayed changes in self-esteem in response to the feedback compared to
baseline. The session concluded with an exit interview to check whether the participant found the
experimental set-up credible. Finally, participants were fully debriefed about the study.
2.3. Material

2.3.1. Social feedback paradigm

The social feedback paradigm was a modified version of existing social feedback paradigms [34,35])
(figure 1 left) and was validated in an independent sample (see electronic supplementary material,
S2). The current version involved a between-subject design where participants received either
standardized positive or standardized negative evaluative feedback. Specifically, participants were
informed that in the context of an investigation about forming impressions, they would receive
feedback that was given by another participant, the social feedback provider, who in reality was the
first confederate. Participants were informed that the social feedback provider would form an
impression about them based on a personal interview and would indicate their feedback by choosing
from a list of adjectives. After this instruction and prior to receiving the pseudo feedback, the
participants were interviewed individually without the confederates in the room (for approx. 5 min).
The interview was composed of personal questions and three self-relevant moral dilemmas that
would invite participants to discuss both positive and negative characteristics of themselves so that
both positive and negative social feedback could be suitable. The interview was recorded with a voice
recorder which was then supposedly given to the social feedback provider to form their evaluative
feedback. Participants then waited approximately 8 min before the feedback was presented, ostensibly
for the social feedback provider to listen to the interview and provide feedback.

Participants were shown the standardized feedback one word at the time on the computer screen in
front of them. In each trial, a fixation cross appeared in the middle of the screen for 500 ms followed by
the feedback word stimulus for 2500 ms. To assess mood changes upon feedback participants were
required to rate ‘How do you feel right now?’ on an 8-point Likert scale (ranging from 1 = really bad to
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8 = really good), after offset of the word stimulus. See figure 1 (left) for an illustration of the trial procedure.

The task was run using E-prime 2.0.
The negative social feedback condition received 9 negative and 9 intermediate words; whereas the

positive social feedback condition received 9 positive and 9 intermediate words. The same
intermediate words were used in both social feedback conditions. Intermediate words were included
in the feedback to balance out the intensity of the social feedback and increase overall credibility.
Examples of feedback words included: ‘serious’ (intermediate), ‘interesting’ (positive) and ‘lazy’
(negative). The order of the words was randomized in each social feedback condition and words with
the same valence did not appear twice in a row. See electronic supplementary material, S1, for more
details about the validation of the word stimuli in an independent sample.

2.3.2. Social-learning task

To enable assessment of the effects of the social feedback paradigm and state self-esteem changes on social
learning, we administered a social-learning task after the social feedback paradigm. This social-learning
task has been validated in previous studies and enables the assessment of how well individuals learn
on the basis of own experiences versus social information (figure 1 right) [6,39,42]. The goal of this task
is to earn as many points as possible by optimally using information based on own experiences
(outcome history) and the information supposedly coming from the social advisor, which in reality was
based on pseudorandomized schedules. Specifically, the task requires participants to indicate at each
trial whether the blue or green stimulus is the likely correct choice by combining information from two
sources: (1) the participant’s own experience of rewards after choosing the blue or green stimulus and
(2) the social advice and the likelihood of this being correct based on the history of advice utility. At
each trial, the participant could use the outcome to learn—in parallel—about the likelihood of a
stimulus being the correct choice, and the correctness of the social advice. Throughout the task, the
probability that the blue stimulus is rewarded and the probability that the advice is rewarded were
manipulated independently. Thus, optimal performance in this task required participants to track these
two probabilities and combine them into an overall probability of the correct response.

Instruction. Participants were instructed that either the blue or the green stimulus would be correct on
each trial and that the correct choice would be rewarded. Participants were further instructed that the
probability of the blue (or green) stimulus being rewarded and of the advice being rewarded would
change over time. However, they were not informed about the nature of how the probabilities would
change over time. Moreover, participants were informed that the social advisor had been practicing
multiple rounds of this social-learning task. Thus, the social advisor in the social-learning task was
depicted as someone who could provide an expert opinion based on prior training. However, we
warned the participant that the computer had mixed up the order of the advisor’s trials, such that the
utility of the advice varies over phases. Participants were informed about their performance through a
red bar presented on the screen across the whole task, of which the length was proportional to the
acquired points. Depending on the participant’s performance, the red bar could reach the ‘silver’ or
‘golden’ target at the end of the task indicating the fictional prize.

Trial procedure. In each trial, a blue and a green cue appeared on the screen for 1–4 s. After this cue
presentation phase, one of the two stimuli was marked by a red frame (0.5–2 s) indicating to participants
that this is the correct response according to the social advisor. After this advice phase, participants
were required to make a choice between the two cues. The participant’s response was followed by a
delay (0.5–2 s), after which the correct choice was displayed by a green or blue block in the middle of
the screen (1–3 s) as feedback (figure 1).

Pseudorandomized objective probability schedules. The probability of the blue or green stimulus being
correct (reward history) and the likelihood of social information being correct varied according to four
pseudorandomized schedules (A, B, C, D) exactly as used in previous work [39]. Participants received
one of the four schedules consisting of 120 trials in total. For the randomization schedule A, the
reward history was stable during the first 60 trials, with a 75% probability of blue being correct.
During the next 60 trials, the reward history was volatile, switching every 20 trials between 80% green
being correct and 80% blue being correct. Meanwhile, during the first 30 trials, the social information
was stable, with 75% of choices being correct. During the next 40 trials, the social information was
volatile, switching every 10 trials between 80% incorrect and 80% correct. During the final 50 trials,
the social information was stable again, with 85% of choices being incorrect. Schedules B, C, D were
inverted and counterbalanced versions of schedule A (see electronic supplementary material, S3 figure
S1). The schedules were counterbalanced between the positive versus negative feedback condition, to
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exclude the possibility that any effects of the social feedback could be explained by differences in the

pseudorandomized schedules.
The social-learning task was controlled by the PC running Psychophysics Toolbox Version 3 with

Matlab version R2016a.

2.3.3. Subjective reports and manipulation check

We used several subjective reports in this experimental procedure. First, we assessed state self-esteem at
three time points to measure changes throughout the procedure. Second, age, social support,
socioeconomic status, social dominance, trait self-esteem and fear of negative evaluation were assessed
at the beginning of the experiment, because these factors have been related to individual differences in
social connectedness and response to social feedback or social learning [34,39,43–45]. We included
these measures to test for any prior differences between the social feedback conditions on these
potential confounding variables. Finally, as manipulation check, participants were asked about their
experience of the social feedback paradigm and the confederates1.

2.3.3.1. State self-esteem
State self-esteem was measured using the item: ‘How satisfied do you feel with yourself right now?’ and
was rated using a Visual Analogue Scale ranging from 0 = not at all satisfied to 100 = very satisfied. This
state self-esteem item was derived from Eisenberger et al. [35] and was validated in a separate study
(see electronic supplementary material, S2). State self-esteem was assessed before and after the social
feedback paradigm, as well as after the social-learning task to determine immediate and delayed
changes in self-esteem in response to the feedback compared to baseline.

2.3.3.2. Trait self-esteem
The Rosenberg self-esteem scale is a widely used measure to assess trait self-esteem [46]. Participants
responded to ten items on a four-point Likert scale to indicate the extent to which they feel positive or
negative about themselves in general. This questionnaire demonstrated good reliability and validity [47,48].

2.3.3.3. Social support
The Multidimensional Scale of Perceived Social Support was used to assess the participants’ level of
perceived social support from three different sources: family, friends and significant other [49].
Participants responded to 12 items on a seven-point Likert scale.

2.3.3.4. Socioeconomic status
Socioeconomic status was determined using the Barratt Simplified Measure of Social Status [50]. This
measure assesses socioeconomic status using educational and occupational information about
participant, spouse and parents. The scoring was adjusted to the Dutch educational system.
Educational status was measured on a seven-point measure.

2.3.3.5. Dominance questionnaires
We measured social dominance using the social dominance scale containing nine statements [43].
Participants are asked to indicate how much the statement applies to them by scoring themselves on a
six-point Likert scale.

2.3.3.6. Fear of negative evaluation
Fear of negative evaluation is defined as: ‘An apprehension about others’ evaluations, distress over
negative evaluations by others, and the expectations that others would evaluate one negatively’ [51].
A revised version of the Brief Fear of Negative Evaluation scale (BFNE-R) was used to assess social
anxiety in the current study [52]. It consists of 12 items and requires participants to indicate on a 5-
1In addition to the described measures, we included the Liebowitz social anxiety scale, childhood trauma questionnaire, trait self-
concept clarity and a self-esteem implicit association test. Participants also rated 90 adjectives on how well these adjectives
described them. These measures are not relevant for the current study, and were therefore not analysed.
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point Likert scale how characteristic each statement is of them. Strong empirical evidence exists to

support both the validity and reliability of the BFNE-R [52].

2.3.3.7. Manipulation check
To assess if there was any existing doubt about the experiment among participants, the experimenter
conducted an exit interview at the end. General questions were asked about the believability of the
confederate and the feedback that the participants received. The inclusion of this allowed for two
separate analyses to be conducted: a believers-only of the experimental manipulation analysis, in
addition to the full sample analysis.

2.4. Data and statistical analyses

2.4.1. Demographic data and the social feedback paradigm

We used analysis of variance (ANOVA) to test for any differences between the positive and negative
feedback groups in terms of social support, socioeconomic status, social dominance, trait self-esteem
and fear of negative evaluation.

2.4.2. Social feedback and its influence on mood and state self-esteem

We first tested whether participants experienced lower mood during the social feedback paradigm in the
negative versus the positive social feedback condition and particularly lower for negative words compared
to intermediate words and better for positive words compared to intermediate words. To this end, we ran
a multi-level model with mood ratings for each of the feedback words as outcome and as predictors the
feedback condition (negative/positive) on the second level, valence of the word (intermediate/emotional
(positive and negative)) on the first level and the valence by condition interaction. The intermediate
valence of words was set as the reference category. χ2 tests were used for model comparisons to
understand whether added effects were a better fit to the data than a previous model without the added
effects. Second, the effects of the social feedback paradigm on state self-esteem were tested. We performed
a multi-level analysis with state self-esteem ratings as outcome and as predictors the feedback condition
(negative/positive) on the second level, time of rating (baseline/immediate/delayed) on the first level and
the condition by time interaction. The time at baseline was set as the reference category.

2.4.3. The influence of the social feedback paradigm on social and individual learning

Optimal performance in the social-learning task would require learning a probability associated with blue
being correct based on the outcome history, and a probability of the social advisor giving correct advice
based on the history of correct advice. These probabilities should then be combined to guide the
decision. Following procedures from previous work [6,39], a Bayesian learner model algorithm was
used to create a model for optimal individual learning and a model for optimal social learning.
Critically, these two models have successfully predicted performance on the social-learning task
demonstrating that the models explain a significant amount of variance in participants’ performance on
the task [6]. The algorithm used to create these models has been documented in detail by Behrens et al. [6].

The model assumes that outcomes (e.g. blue being rewarded) are generated with an underlying
probability, r (e.g. the probability that blue is rewarded). The goal of the model is to predict r on the
upcoming trial (i.e. predict ri+1). This is achieved in a Markovian fashion where, when an outcome is
observed, the new outcome probability (e.g. probability that blue is rewarded on the next trial)
depends only on this observed outcome and on the previous outcome probability, not on the full
history of previous outcome probabilities. The changeability of r is represented by p(ri+1|ri), i.e. the
probability that r will change from the value ri to the value ri+1 over the course of a single trial. We
represent this as a beta probability distribution: p(ri+1|ri, v)∼β (ri, V ), where ri and V = exp(v)2 define
the mean and width of the distribution respectively. A large value of v—which we refer to as
‘volatility’—leads to a wide distribution, implying r may be expected to change greatly (as in a
volatile environment wherein the rewarded option flips between blue and green); a small value of v
leads to a narrow distribution, implying r may be expected to change very little (as in a stable
environment where, for example, the blue option is typically rewarded). Mathematically, we track the
2The exponential is taken so that integrals on the width parameter are performed in log space.
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changing volatility, vi, in the same manner as the reward rate, ri, by again assuming a Markovian

progression. The changeability of v is represented as p(vi+1|vi). Here, the distribution does not need to
be constrained between 0 and 1, so the form of the transitional distribution can be taken to be
Gaussian: p(vi+1|vi, k)∼N (vi, K ), where K = exp(k) controls the rate of change of volatility. A large
value for k leads to a wide transitional distribution, and would describe an environment that moves
quickly between stable and volatile periods; a small value for k leads to a narrow distribution and
would describe an environment whose volatility could only change slowly.

The generated individual learning model provides the estimated trial-by-trial reward probability of
the blue choice. The social learning model provides the estimated trial-by-trial probability of correct
social information. Using this social learning model, we first computed trial-by-trial values by
combining the probabilities with the social advice on each trial such that the value reflected the
probability of a blue choice if social learning was optimal (e.g. if the probability that the social
information is correct is 0.8 and the advice is blue, the probability of selecting blue based on social
information should be 0.8, but the probability of selecting green based on the advice should be 0.2).

Following previous procedures [6,39], we used logistic regression to determine the degree to which
participants’ choices were explained by the optimal individual learner model and the optimal social
learner model. Specifically, we used multi-level analysis with the logit function. The two optimal
learner models were set as predictors on the first level and regressed against the choice data (where
blue is 1 and green is 0). Higher parameter estimates of the individual and social learner models
indicate more Bayes optimal learning from individual and social information respectively. The
immediate change in self-esteem (Δself-esteem) from prior to after the social feedback manipulation
was included as a predictor on the second level. Standardized values of the optimal learner models
and Δself-esteem were used in all analyses. Additionally, social feedback condition was included as a
predictor on the second level, with the negative feedback condition as reference category. In sum,
logistic multi-level analysis was used with choice per trial (0/1) as outcome and social feedback
condition (positive/negative), learner model (social/individual) and Δself-esteem as predictors.

To test if social feedback condition influences social learning and whether or not these effects depend on
changes in self-esteem, we were particularly interested in the two-way (condition × learner model) and
three-way (condition × learner model × Δself-esteem) interactions respectively. Therefore, we constructed 7
models of increasing complexity where the most complex model (M7) included all main, two-way, and
three-way interaction effects and was the model of interest (table 1). Model comparisons were conducted
with the χ2 test to understand whether added effects were a better fit to the data than a previous model
without the added effects. In all steps where main or interaction effects were added involving learner
models, the terms with social and individual learner models were added simultaneously to test the
specificity of social feedback on social learning. Finally, to control for individual differences in baseline
state self-esteem as measured prior to the social feedback paradigm, the same analyses were conducted
with baseline state self-esteem as a predictor on the second level of no interest.

For all analyses, alpha was set at 0.05. Data from the social learning paradigm were preprocessed
using MATLAB R2016a (The MathWorks, Natick, MA). Statistical analyses were performed using R
v. 4.0.2 in R Studio v. 1.3.1093 with the packages lme4 for multi-level modelling [53,54]. For all effect
parameters, bootstrapped 95% confidence intervals were calculated with 2500 simulations.

2.4.4. Sensitivity analysis

Calculations for estimated power were performed using R with the fabs package (github\jbiesanz\fabs),
which incorporates the uncertainties associated with effect size estimates. Initial sample size (N = 90) was
based on an independent sample where a between-subject version of the social feedback task resulted in
changes in self-esteem post-task (see electronic supplementary material, S2). This study found a two-way
interaction effect of time × feedback condition on self-esteem ðx22 ¼ 41:81Þwith N = 444 observations from
N = 111 participants. Based on this study, N = 261 observations from N = 87 participants would have an
expected power of 0.98 to detect self-esteem change dependent on feedback condition. Our main interest
is the 3-way interaction of feedback condition × learner model × self-esteem change in a multilevel model.
We based estimates of expected power on the effects found in two studies. The study by Cook et al. [42]
used the same social learning task and found a 3-way interaction (F1,100 = 8.171 with N = 102), albeit not
within a multilevel model. Based on this study, N = 10 440 observations from N = 87 participants would
have an expected power of 0.99 to find a similar effect. The study by Byrne et al. [25] used a similar design
as in this study and found a 2-way interaction (F1, 146 = 10.95). Based on this study, N = 10 440
observations from 87 participants would have an expected power of 0.99 to find a similar effect.



Table 1. Model comparisons of the role of self-esteem change in social learning paradigm.

model no. par AIC BIC
log
likelihood χ2 (df ), p

M0: random intercept 2 14 399 14 413 14 395

M1: + individual learner model + social

learner model

4 12 989 13 018 12 981 x22 ¼ 1413:45, p < 0.001

M2: + feedback condition 5 12 988 13 024 12 978 x21 ¼ 3:28, p = 0.070

M3: + individual learner model ×

feedback condition + social learner

model × feedback condition

7 12 984 13 035 12 970 x22 ¼ 7:59, p = 0.022

M4: + Δself-esteem 8 12 986 13 044 12 970 x21 ¼ 0:74, p = 0.391

M5: + Δself-esteem × feedback condition 9 12 987 13 052 12 969 x21 ¼ 0:37, p = 0.546

M6: + individual learner model × Δself-

esteem + social learner model × Δself-

esteem

11 12 966 13 045 12 944 x22 ¼ 25:70, p < 0.001

M7: + individual learner model × Δself-

esteem × feedback condition + social

learner model × Δself-esteem ×

feedback condition

13 12 920 13 014 12 894 x22 ¼ 49:32, p < 0.001

Table 2. Demographic data (mean and SEM) for the positive and negative social feedback conditions.

social feedback

positive (n = 43) negative (n = 44) Cronbach’s alpha F p-value

age (in years) 21.52 (0.50) 22.30 (0.52) 1.17 0.282

social support 5.90 (0.10) 6.02 (0.15) 0.89 0.42 0.521

socioeconomic statusa 47.79 (2.20) 51.12 (1.90) 1.33 0.253

social dominance 3.79 (0.13) 3.83 (0.13) 0.79 0.06 0.816

trait self-esteem 30.50 (0.69) 31.05 (0.55) 0.83 0.38 0.538

fear of negative

evaluation

32.93 (1.61) 34.81 (1.72) 0.95 0.64 0.260

aData on socioeconomic status was missing for four cases.

royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.10:230027
9

3. Results
Based on the data from the manipulation check during the exit interview, almost all participants believed
the roles that the confederates played (N = 86; 99%). Only one participant (1%) indicated that she did not
believe the cover story of the study. Five participants (6%) indicated that they had some doubts about the
validity of the social feedback retrospectively reported at the end of the experiment. Five out of these six
participants were in the negative feedback condition. Analyses with and without these potential non-
believers did not yield different results. Therefore, the analyses that we report are based on the whole
sample including these potential non-believers.

3.1. Demographic data
Table 2 presents the demographic data. The reliabilities of the scales for social support, social dominance, trait
self-esteemand fearof negative evaluationwere high as indicatedby theCronbach’s alpha (ranging from0.79
to 0.95). The positive versus negative social feedback condition did not differ in age, social support,
socioeconomic status, social dominance, trait self-esteem and fear of negative evaluation (all F < 1.33).
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Figure 2. Average ratings for the word stimuli used in the social feedback paradigm for the negative(/intermediate) and positive(/
intermediate) social feedback conditions. Participants rated ‘How do you feel right now?’ on an 8-point Likert scale (ranging from
1 = really bad to 8 = really good). The participants in the negative (versus positive) social feedback condition reported lower mood
state during the social feedback paradigm. Error bars represent standard error of the mean. Dot points indicate the participants’
mean mood rating by valence.
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3.2. Positive versus negative social feedback influenced mood state and increased immediate
state self-esteem

Multilevel analysis of the mood ratings during the social feedback paradigm revealed a main effect of
valence (x21 ¼ 25:58, p < 0.001), a main effect of feedback condition (x21 ¼ 46:92, p < 0.001) and a
significant valence × feedback condition interaction effect (x21 ¼ 243:61, p < 0.001; figure 2). In the
negative feedback condition, negative compared to intermediate feedback words lowered mood
(b =−1.21, s.e. = 0.08, t =−15.47, 95% CI [−1.36, −1.06]). In the positive feedback condition, positive
compared to intermediate words heightened mood (b = 1.82, s.e. = 0.11, t = 16.37, 95% CI [1.60, 2.04]).
Moreover, participants in the positive feedback condition had a better mood than participants in the
negative feedback condition (b = 0.64, s.e. = 0.20, t = 3.12, 95% CI [0.23, 1.03]). For all cell means and
standard deviations, see electronic supplementary material, S3 table S7.

Multilevel analysis of state self-esteem revealed a significant main effect of time (x22 ¼ 28:21, p <
0.001), no main effect of feedback condition (x21 ¼ 2:33, p = 0.127), and crucially, a significant feedback
condition × time interaction effect (x22 ¼ 16:90, p < 0.001; figure 3). We observed that in the negative
feedback condition, there was neither a change in state self-esteem immediately after the social
feedback task (b =−0.27, s.e. = 2.45, t =−0.11, 95% CI [−5.10, 4.61]) nor a delayed change (b =−3.82,
s.e. = 2.45, t =−1.56, 95% CI [−8.64, 1.05]) compared to baseline state self-esteem. In the positive
feedback condition, however, we observed an increase in state self-esteem immediately after the social
feedback (b = 12.11, s.e. = 3.49, t = 3.47, 95% CI [5.24, 19.00]). At the delayed interval state self-esteem
had returned to baseline level in the positive feedback condition (b =−1.16, s.e. = 3.49, t =−0.33, 95%
CI [−8.18, 5.60]). For all cell means and standard deviations, see electronic supplementary material, S3
table S8.
3.3. Effects of social feedback on social learning depends on self-esteem change
Multi-level logistic analysis demonstrated that participants’ choices were predicted by both optimal
learner models (individual and social) (M1: x22 ¼ 1413:45, p < 0.001). In other words, choice behaviour
was explained by both the Bayes optimal individual learner model and the Bayes optimal social
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learner model (individual learner model: b = 0.44, s.e. = 0.02, Z = 20.29, 95% CI [0.40, 0.48]; social learner
model: b = 0.65, s.e. = 0.02, Z = 29.92, 95% CI [0.59, 0.68]). As expected, the social feedback condition by
itself was not a significant predictor of choice behaviour, i.e. the main effect of social feedback condition
(M2: x21 ¼ 3:28, p = 0.070). However, the degree to which choice behaviour was explained by the learner
models depended on the feedback condition, i.e. feedback condition × learner models interaction (M3:
x22 ¼ 7:59, p = 0.022). There was no main effect of Δself-esteem (M4: x21 ¼ 0:74, p = 0.391) nor was the
two-way interaction of Δself-esteem × feedback condition predictive of choice behaviour (M5:
x21 ¼ 0:37, p = 0.546). However, the change in self-esteem affected Bayes optimal learning from social
and individual information, i.e. Δself-esteem × learner model interaction (M6: x22 ¼ 25:70, p < 0.001).
Importantly, these effects also depended on individual differences in changes in self-esteem dependent
on the feedback condition, as indicated by the significant three-way interactions: Δself-esteem ×
feedback condition × learner models (M7: x22 ¼ 49:32, p < 0.001). The complex three-way interaction
model (M7) is the most likely model given the observed data (i.e. significant χ2 test indicates a better
model fit compared to the previous model), even when considering the increased complexity (i.e. AIC
does not increase compared to previous model). The three-way interaction is visualized in figure 4
and the effect parameters of this model (M7) are reported here. In this model, the negative feedback
condition served as the reference condition. When participants in the negative feedback condition
reported a decrease in self-esteem after the social feedback, they showed less Bayes optimal learning
from individual information (individual learner model × Δself-esteem interaction: b = 0.07, s.e. = 0.04,
Z = 1.98, 95% CI [0.003, 0.14]). Participants in the positive feedback condition of the social feedback
task showed increased Bayes optimal learning from individual information in general (individual
learner model × feedback condition interaction: b = 0.15, s.e. = 0.05, Z = 3.09, 95% CI [0.05, 0.25]).
However, interestingly, when self-esteem increased following positive social feedback, learning from
individual information was less Bayes optimal (individual learner model × feedback condition × Δself-
esteem interaction: b =−0.21, s.e. = 0.05, Z =−4.30, 95% CI [−0.31, −0.12]; figure 4). Moreover, a higher
increase in self-esteem after positive social feedback was associated with increased Bayes optimal
learning from social information (social learner model × feedback condition × Δself-esteem interaction:
b = 0.26, s.e. = 0.05, Z = 5.22, 95% CI [0.17, 0.37]).

Follow-up mixed effects logistic regressions conducted per feedback condition (for positive and
negative feedback condition separately) suggest that the three-way interactions for social and
individual learning were largely driven by the positive feedback condition. In the positive condition,
the two-way interactions of Δself-esteem × individual learner model and Δself-esteem × social learner
model were a significant addition to the model with main effects only (x22 ¼ 70:26, p < 0.001). It was
found that an increase in self-esteem after positive social feedback was associated with less Bayes
optimal learning from individual information (individual × Δself-esteem interaction: b =−0.14, s.e. =
0.03, Z =−4.20, 95% CI [−0.21, −0.07]), and more Bayes optimal learning from social information
(social × Δself-esteem interaction: b = 0.23, s.e. = 0.03, Z = 6.68, 95% CI [0.17, 0.30]).

For exploratory purposes, we sought to understand whether the relative weight given to individual
and social information was related to self-esteem change. To this end, we subtracted the individual
learning beta from the social learning beta so that positive numbers reflect greater weight given to
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condition. Right panel: an increase in self-esteem, as induced by the positive (versus negative) feedback, was associated with
increased social learning and decreased individual learning.

royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.10:230027
12
social information. In the negative condition, self-esteem change did not relate to relative weight given to
social or individual learning (r =−0.14, 95% CI [−0.42, 0.17]). In the positive condition, more weight was
given to social information as self-esteem increased (r = 0.38, 95% CI [0.09, 0.62]) (see electronic
supplementary material, figure S2).

Finally, controlling for individual differences in baseline state self-esteem as measured prior to the
social feedback manipulation yielded the same results in these main analyses (see electronic
supplementary material, S3).
4. Discussion
In the current study, we tested the effects of social acceptance versus rejection on social learning.
Specifically, we investigated whether individual differences in responding to the social evaluation as
measured by changes in state self-esteem affected social learning from a new social partner. We
manipulated social acceptance and rejection using a social feedback paradigm, in which participants
received either standardized positive or negative feedback that was supposedly based on their
personal characteristics. Subsequently, participants performed a social-learning task, where individuals
could use both social information (advice provided by an expert) and individual information
(individual experience based on outcome history) to optimize their performance on the task. Crucially,
we demonstrated that the extent to which individuals use social versus nonsocial information in
decision making is dependent on how they responded to rejection and acceptance, i.e. the degree to
which self-esteem increased or decreased.

Specifically, we found that overall, positive (versus negative) social evaluation increased state self-
esteem. A significant change in state self-esteem was not observed after negative social feedback.
However, we observed a broad variety of changes in self-esteem as a response to the social
evaluation. Interestingly, we found that the change in self-esteem after the positive (versus negative)
social feedback predicted learning from social information. An increase in self-esteem, as induced by
prior positive (but not negative) social feedback, was associated with more Bayes optimal learning
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from social information and less Bayes optimal use of individual information. Moreover, an increase in

self-esteem following negative feedback was associated with increased use of individual information.
These findings indicate that there are individual differences in the effect of social evaluation on social
and individual learning and importantly, that these are dependent on the changes in self-esteem after
negative and positive evaluation. We demonstrated these effects in a context where the social
information was coming from a new social partner (rather than the accepting or rejecting interacting
partner). These findings highlight the important influence that previous social experiences may have
on new social experiences and are relevant to the decisions that we make in everyday life, which are
more often than not preceded by social interactions.

Our data suggest that an increased self-esteem after positive social evaluations can increase
subsequent social learning from a new social partner. This finding is contradictory to the literature
indicating that social rejection rather than social acceptance increases the drive to socially (re)connect
and the efficiency of social information processing [55]. Rather, this finding is reminiscent of previous
literature suggesting that social acceptance increases trust in social partners who previously
demonstrated social acceptance [32], though here we extend this to learning from a new social
partner. Moreover, social acceptance has been shown to increase attention allocation to social cues
[33]. In our current social-learning task, it could be that a greater response to social acceptance in
terms of higher self-esteem increased attention allocation to the social advice, and promoted learning
from this social information.

One way of understanding how receiving positive feedback may relate to increased attention
allocation and openness to social information is through the process of self-verification. When people
receive social feedback that others see them in the same way as they see themselves, it not only
strengthens self-views but also fosters trust in others [56]. When the self-view is confirmed by others,
mood and state self-esteem may heighten [34,57,58] and people may attend more to others [34,57].
This interpretation is in line with work demonstrating that attention allocation depends on the
prospect of reward such that more attention is allocated to information with greater value [59,60].
Furthermore, it has been shown previously that prior beliefs about others’ abilities could influence
social learning by affecting the level of attention toward the social information [61]. Thus, in the
current study, those who showed a higher increase in self-esteem in the positive condition may have
perceived their self-view to be more in line with the feedback, which could have increased the
subjective value of information coming from others, even in a new context. Consequently, the social
advice in the social-learning task could be weighed more heavily in decisions due to this increased
subjective value of the social information in those who reported higher increase in self-esteem.

It may be that the response to the social evaluation in terms of self-esteem change also modulated the
integration of social and individual learning of information. Our findings indicate that an increase in self-
esteem following positive feedback was not only associated with more Bayes optimal use of social
information but also with less Bayes optimal use of individual information. The opposing effect on
social versus individual learning may be explained by an adjustment in the relative importance given
to these two information sources. This could imply that preference is given to social information over
individual information when the previous (positive) social feedback is seen as valuable (i.e. increase
in self-esteem). Such interpretation is in line with previous work showing that social information is
preferred when both personal and social information is reliable [62].

In the negative condition,we did not find opposing effects as the use of individual information increased,
whereas the use of social information remained unchanged, when self-esteem increased after negative
feedback. Our observations in the negative condition converge with the suggestion that—rather than
reducing the tendency to use social information—individuals employ a strategy to update the weight of
personal information and therewith indirectly adjust the relative importance of the two information
sources [63]. This finding is consistent with previous literature showing that when social information is not
reliable, a stronger preference is given to personal information without loss of weight of social information
[63]. In the current study, people who received negative feedback and were able to increase their self-
esteem may have been able to dismiss the social feedback as less reliable (i.e. a compensating response)
[38]. This may have altered the perception of the utility of the social advice in a new context and increased
the value of using individual information, at least temporarily.

However, further research is needed to replicate these findings and support these ideas. Future
research could benefit from employing neuroimaging and computational modelling to investigate how
responses to social feedback change the neural representations of social versus individual learning.
There is a growing body of literature investigating how social information is acquired and integrated
with individual information using computational modelling [6,11,61,64–66]. Such approaches could
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inform more directly how responses to social feedback influence social learning and the integration of

social and individual information. For instance, these methods could enable one to tease apart and
test if responses to social feedback have an impact on how social and individual information are
combined through changing the weights of social versus individual information directly, through
influencing higher-order arbitration between different (social) learning strategies, and/or through
affecting higher-order processes related to the social partner [11,64,65].

An alternative, or perhaps additional, interpretation of the current findings is that both individual
differences in responsiveness to positive social feedback in terms of changes in state self-esteem and
the propensity to use social learning can be explained by individual differences in sensitivity/focus on
social information. In other words, it could be that individuals, who are more sensitive to social
information in the first place, are more likely to take social feedback to heart, and also learn better
from social information. However, this explanation would have been more plausible if individuals
who showed greater decreases in self-esteem from negative social evaluation also showed increased
social learning in the social-learning task reflecting a higher sensitivity to social information. It is
remarkable that the current effects are mainly observed in the positive social evaluation condition.
Future studies are needed to be better able to draw conclusions about the direction of effects.

It may be somewhat surprising that we only found an overall change in state self-esteem for the
positive feedback condition, but not for the negative feedback condition. Even though people were
affected by the negative feedback in terms of lowered mood while receiving the feedback, this did not
translate in lower state self-esteem after the task. However, as indicated by a meta-analysis [67], it is
not uncommon that studies mainly find that social acceptance raises self-esteem, while social rejection
has no effect. A reason for this is that the effects of social rejection on self-esteem might be muted by
defensive processes [38,67] and there may be more individual differences in responding [15]. Here, we
observed that it was not the negative evaluations in and of itself but the individual differences in
response to the social evaluations, i.e. self-esteem change, that related to increased individual learning.
A desire to connect or withdraw after social feedback may depend on how people responded to the
social evaluations in terms of self-esteem change. This may also provide an explanation as to why
some studies observed a motivation to connect whereas others observed withdrawal. Nevertheless,
further research is needed to understand the effects of negative evaluations on social learning.

A limitation to the study is that we did not include a neutral-only control group. Since the effects of
social acceptance are not necessarily the opposite or mirror image of social rejection [67], future research
should include a neutral control group or include assessments of social learning at pre- and post-
manipulation to allow more rigorous testing. The fact that five out of six participants who reported
doubts about the credibility of the social feedback at the debriefing were in the negative feedback
condition may indicate that the manipulation was less successful in this condition. However, another
likely explanation is that these doubts about the negative feedback are an adaptive, compensating
response, to the manipulation. That is, doubts about the procedure could be a mechanism to deal
with the negative evaluation and a way to maintain the self-beliefs. It should be noted that overall
most participants believed the feedback to be real and analyses with and without these participants
did not change the results. Finally, we have investigated females only as males and females may value
social feedback differently [40,41]. Future studies should include male participants and test for gender
differences to understand how the findings translate to males.
5. Conclusion
Social experiences are vital to navigate daily life. Given the relevance of social learning, it is critical to
better understand how positive versus negative social experience influences social learning. While
previous work has mainly focused on how social acceptance/rejection influences a myriad of social
processes, with inconsistent findings, here, we demonstrate a critical role of self-esteem change as a
response to social evaluation in this relationship. This is the first study on social evaluation and
subsequent social learning suggesting that increases in self-esteem in response to social acceptance are
associated with more optimal social learning. The current findings underscore the important role of
social experiences in the way we use social information in daily life decisions and may imply that
positive interactions may open one up to constructive learning from others.
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