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The effect of online social 
evaluation on mood and cognition 
in young people
Karina Grunewald 1, Jessica Deng 1, Jasmin Wertz 2 & Susanne Schweizer 1,3*

Adolescence is characterised by increased peer interactions and heightened sensitivity to evaluation 
by peers. Increasingly, social interactions and evaluation happen in online contexts. Yet, little is 
known about the impact of online social interactions and evaluation on adolescent emotional and 
cognitive functioning. The present study examined the impact of online social evaluative threat on 
young people’s mood and learning and whether this varied as a function of known offline social risk 
and protective factors. 255 participants completed a perceptual learning task under online social 
evaluative threat and a perceptually-matched control condition. Participants were aged 11–30 years, 
to allow for the exploration of age differences in the impact of online social evaluative threat from 
adolescence to early adulthood.  Participants reported a greater increase in negative mood (self-
reported levels of stress, anxiety, and anhedonia), following social evaluative threat compared to 
the control condition. Heightened social rejection sensitivity (measured using the Online and Offline 
Social Sensitivity Scale) and lower perceived social support (measured using the Schuster Social 
Support Scale) were associated with elevated negative mood across the study. Social evaluative threat 
adversely impacted overall accuracy on the perceptual matching task, but not learning. These findings 
provide preliminary evidence that online social evaluative threat impacts adolescent mood and 
cognitive functioning.

The effect of social evaluative threat on learning and well-being in young people. Adolescents 
(10–24 years)1 come of age within the context of changing social  environments2. As a developmental period, 
adolescence is characterised by a shift in focus away from the immediate family towards interactions with peers 
and other members of  society3. Social interactions during this period are often novel and less stable, playing a 
crucial role in adolescents’ developing sense of self, well-being and cognitive  abilities4. Frequently, these interac-
tions now occur in online contexts as adolescents spend a daily average of 6-h online for non-school  purposes5, 
with the majority of this time spent on social media  sites6. Yet, the impact of online social interactions on ado-
lescent emotional and cognitive functioning remains little understood.

Work on the impact of social media use on emotional wellbeing has shown mixed  results7. In her review of 
reviews on the association between social media use and wellbeing,  Orben7 reports very small negative associa-
tions between wellbeing and social media use. Research extending beyond self-reported wellbeing shows that 
social media is associated with a range of both adaptive and maladaptive social and cognitive outcomes. For 
example, in the large (N > 12′000) British Understanding Society cohort, social media use has been prospectively 
associated with more positive peer  relationships8. Cross-sectional data from the ethnically diverse US Adolescent 
Brain and Cognitive Development cohort (N > 11′000) has shown that self-reported social media use was associ-
ated with lower levels of cognitive functioning, though so were time spent watching TV and  videos9. However, 
there was no association observed between cognitive functioning and social media use in a large, population 
representative sample of Austrian adolescents (N > 12′000)10. In a smaller sample, social media use was positively 
associated with cognitive functioning. The evidence on the impact of social media use on wellbeing and cogni-
tion then is mixed. Interestingly, a survey in 743 13–17 year-olds found that 31% reported social media having 
a mostly positive effect on their lives, whereas 24% of respondents thought it had a mostly negative  impact6. 
Individual differences may help account for previous research’s mixed  findings7. The present study therefore took 
an individual differences approach examining whether the impact of online social interactions on adolescent 
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emotional and cognitive functioning varied as a function of interindividual differences in offline social risk and 
protective factors.

Offline social risk and protective factors: Social rejection sensitivity and social support. Social 
relationships have been shown to foster resilience against emotional disorders during  adolescence11. To form and 
maintain social relationships, adolescents become sensitive to various cues of social acceptance and  rejection12. 
Excessive sensitivity to social rejection, however, is a known risk factor for emotional  disorders13. Social rejec-
tion sensitivity refers to the tendency to expect social rejection by  others14, be hypervigilant to social rejection 
cues and interpret ambiguous social situations  negatively15. In addition to its association with adverse mental 
health outcomes, social rejection sensitivity may also negatively impact cognitive functioning and learning in 
adolescence. The attentional control theory posits that anxiety and uncertainty impair higher order cognitive 
functions and learning by reducing attentional control resources available for goal-relevant task  processing16. 
The elevated levels of stress and anxiety experienced by individuals with higher social rejection sensitivity in the 
context of online social interactions may therefore lead to reduced attentional control and consequently poorer 
cognitive functioning.

In contrast, social support has been shown to be a protective factor in adolescents at risk for mental ill 
 health11,17,18. While less is known about the effect of social support on adolescent cognitive functioning, evidence 
from the aging literature suggests it has a protective effect on  cognition19. Conversely, the absence of social 
support, experienced through social isolation, is associated with poor mental health and reduced cognitive 
functioning in young  people20 and related mid-life outcomes (incl., lower income)21.

Risk and protective factors in digital interactions. Importantly, in the digital age, these risk and pro-
tective factors can operate anywhere and at any time. That is, the advent of online social interactions on mobile 
devices has eradicated non-social spaces. There are at least two potential implications. First, the perpetual poten-
tial for social rejection that ensues from online social interactions may negatively impact young people high in 
social rejection sensitivity. Second, the easy availability of social interactions may potentiate the beneficial effects 
of perceived social support by being more continuously available to booster resilience in young people.

Preliminary research shows that online social support is associated with increased well-being22 and contrib-
utes to improvements in low mood even after accounting for offline social  support23. Cross-sectionally, both 
online and offline social rejection sensitivity are associated with symptoms of depressed  mood24. The continuous 
threat of rejection may also impact other areas of functioning such as learning. Vocational and academic learn-
ing, especially homework and study, which now take place in the context of online social interactions, may be 
impacted differently as a function of individuals’ social rejection sensitivity and perceived social support. That 
is, building on attentional control theory, the anxiety caused by the continuous potential for social rejection may 
reduce the capacity to learn in individuals high on social rejection sensitivity, whereas young people with good 
social support may be less affected.

The current study. This pre-registered study (https:// osf. io/ e8wyp) had two aims. The first was to inves-
tigate the effects of online social evaluative threat on adolescent mood and learning. The second aim was to 
explore whether these effects varied as a function of social risk (i.e., social rejection sensitivity) and protective 
(i.e. social support) factors, as well as self-reported mental health symptoms (primarily depressive symptoms) 
that are associated with these risk/protective factors.

To address these aims we designed a novel online social evaluative threat paradigm. Evaluative threat was 
evoked by asking participants to disclose personal information, which they were told would potentially be rated 
by peers. Under online social evaluative threat, participants then completed a perceptual learning task that has 
shown to be sensitive to social  stress25. Performance on the task was compared to performance under no threat. 
255 individuals aged 11–30 years completed the paradigm, which additionally allowed us to explore age-related 
differences across adolescence and early adulthood. Specifically, given research showing that adolescents are most 
sensitive to social  rejection12 we predicted the impact of social rejection sensitivity in the current study would 
be greater in adolescents compared to young adults.

The study design allowed us to investigate the hypothesis that individuals with greater social rejection sen-
sitivity would show increased negative mood (Hypothesis 1a) and poorer learning performance (Hypothesis 1b) 
following online social evaluative threat compared to the control condition, and the opposite would be shown 
by individuals with high levels of perceived social support. The magnitude of the impact of social evaluative 
threat (relative to control) on mood (Hypothesis 2a) and learning (Hypothesis 2b) would increase as a function 
of self-reported mental health problems. Given the proposed role of social rejection sensitivity in the onset and 
maintenance of  depression15, we hypothesised that social rejection sensitivity would mediate the negative effect 
of depressive symptoms on mood and learning (Hypothesis 3).

Methods
This study was approved by the University of New South Wales Human Research Ethics Executive Committee 
(HC number 200262) and was pre-registered prior to participant recruitment (https:// osf. io/ e8wyp). All research 
was performed in accordance with relevant regulations and performed in accordance with the Declaration of 
Helsinki. Informed consent was obtained from all participants.

Participants. 348 individuals aged 11–30 years were recruited through the University of New South Wales 
research participation system, social media advertisement, and the MQ participate page (a webpage created by a 
UK-based mental health research charity to advertise ongoing mental health research studies). A sample size of 
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181 was calculated by assuming a small-medium effect size (f = 0.12) of social  threat25 to be detected in a model 
including the moderating effect of social rejection sensitivity, social support, and age at a power of 0.90 and a 
significance threshold of α = 0.05. While these calculations were conducted under the premise that participants 
would be completing the experiment in person (pre-pandemic), the present study had to be moved online due 
to restrictions caused by the COVID-19 pandemic. As our lab has previously found higher attrition with online 
experiments, we increased the sample size accordingly.

To participate in the study, individuals had to be fluent in English, be 11–30 years of age, and have no his-
tory of traumatic brain injury or a diagnosed learning disability. 93 participants were excluded based on these 
criteria as well as attention criteria (for details see supplementary materials). Participants aged 18 years and older 
provided informed consent prior to completing the study. Participants younger than 18 years provided informed 
assent and their parents provided informed consent for their child to participate. Individuals recruited through 
the university research participation system were compensated with course credit, whereas participants recruited 
through all other platforms received an AU$20 Coles (Australian supermarket chain) or Amazon voucher upon 
study completion. The final sample comprised 255 participants (Table 1).

Procedure. See Figure S1 for a schematic overview of the procedures. Following informed consent partici-
pants completed a baseline measure of mood, followed by self-report measures of demographics, mental health, 
social rejection sensitivity, and perceived social support. Next, participants completed the Raven’s Advanced 
Progressive Matrices and the affective digit span task (see supplementary materials for details on the measures). 
Participants then completed both the online social evaluative threat and control conditions of the learning task 
(counterbalanced presentation order across participants), mood was assessed again following completion of the 
learning task in each condition. In the threat condition, mood was additionally measured after receiving audio 
recording instructions and after completing the audio recording and ratings. After completing the learning task 
in the threat condition participants were asked: “Did you believe the ratings were real?” and “Were you wor-
ried about the ratings?”. Participants responded on a visual analogue scale ranging from 0 (I was 100% sure they 
were NOT real and I was not worried at all respectively) to 100 (I was 100% sure they were real and I was very 
worried respectively). Participant responses to the two manipulation check questions for the online social evalu-
ative threat paradigm indicated average ratings of believability (M = 54.07, SD = 29.49) and worry (M = 50.67, 
SD = 30.01). Controlling the best fitting models for believability did not alter the pattern of results (see supple-
mentary materials, Tables S3–S9) nor did excluding participants with manipulation check scores below 50 (out 

Table 1.  Demographic characteristics. Training = Professional/Vocational Training; SES = social economic 
status (operationalised as parental level of education averaged for parent 1 and parent 2).

Demographics M (SD) N (%)

Age (years) 20.51 (4.27)

Gender

Female 158 (62)

Male 88 (35)

Other 5 (2)

Prefer not to say 0 (0)

N/A 4 (1)

Ethnicity

Aboriginal/Torres Strait Islander 2 (1)

African 2 (1)

Asian 90 (35)

White 108 (42)

Hispanic 9 (4)

Mixed 19 (7)

Prefer not to say 8 (3)

Other 17 (7)

Highest Education

Primary School 8 (3)

High School 100 (39)

Training 4 (2)

University 143 (56)

Parental SES

Primary School 9.5 (4)

High School 57 (22)

Training 38 (15)

University 148 (58)

N/A 2.5 (1)
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of 100). All participants were therefore retained for analysis. Participants were then presented with the debrief 
statement, which explained the study’s manipulations (i.e., their audio recording could not be accessed by other 
participants; the audio they rated was pre-recorded by a confederate; the views/comments tracker was not real). 
After the debrief, participants were asked to provide informed consent once again.

Online social evaluative threat task. In the novel online social evaluation task participants completed 
a learning task twice, once in the threat and once in the control condition. The conditions’ presentation order 
was counter-balanced across participants. In both conditions of the learning task, participants were first shown a 
target shape for 1000 ms, followed by a fixation cross displayed for 500 ms. Participants were then presented with 
an array of two or four abstract shapes and were required to determine whether the target shape was present or 
absent in the array by clicking a corresponding button on the bottom of the screen (self-paced).

Threat condition. In the threat condition participants were instructed to complete a one-minute voice record-
ing introducing themselves and their goals for the future prior to commencing the learning task. They were 
informed that their recording would be uploaded to the study’s database, and that it may be rated by other par-
ticipants on three dimensions: attractiveness, intelligence, and friendliness. Recordings were only collected to 
track satisfactory completion of the task and were never made available to other participants. After being asked 
to spend one minute preparing what they would like to say during their recording, participants were instructed 
to test their microphones by completing a 4-s audio recording that they could play back and re-record if needed. 
They were then prompted to complete the recording that would be uploaded to the study’s database. To increase 
the authenticity of the threat, after completing their own recording participants were asked to select and rate a 
recording from the available database completed by other participants. For further details see supplementary 
materials.

After completing the recording component of the threat condition, participants completed the learning task 
and saw a “views and ratings tracker” on the bottom of their screen across all trials. Participants were informed 
that this tracker indicated the number of other participants who were currently listening to and rating recordings. 
The tracker began at 0 views and 0 ratings, and participants were informed that if these numbers remained at 0, 
it indicated that no other participants were currently online and completing the experiment. The tracker was in 
fact set to change on random trials to mimic a digital tracker with increasing views and ratings. Following the 
learning task, participants were informed that their recordings would be removed from the database and would 
no longer be available for listening or rating by other participants. Thereby, eliminating the evaluative threat.

Control condition. In the control condition, participants completed the learning task and saw a display tracking 
their current trial number on the bottom of their screen. The display was perceptually matched the comment 
tracker in the threat condition.

Measures
Mood. Mood was assessed as self-reported levels of stress, anxiety, and pleasantness on a visual analogue 
scale ranging from 0 (not stressed/anxious/pleasant at all) to 100 (extremely stressed/anxious/pleasant). Mood was 
measured at five timepoints throughout the study (see Figure S1 for flow chart of study procedure): at the start of 
the study (baseline), following the threat instructions, following the recording, following the task under threat, 
following the task in the control condition.

Social rejection sensitivity. The Online and Offline Social Sensitivity Scale  (O2S3)24 was used to assess 
self-reported social rejection sensitivity. The 18-item scale assesses social rejection sensitivity in both offline and 
online contexts (example item: “I worry about what others think of me”). Items are rated on a 4-point Likert scale 
ranging from 0 (strongly disagree) to 3 (strongly agree). The scale showed good internal consistency (ωT = 0.90). 
For further details see SOM.

Mental health. The primary mental health outcome of interest was depressive symptoms measured with 
the 7-item depression subscale of the short Depression Anxiety Stress Scales (DASS-21)26. The subscale demon-
strated good internal consistency (ωT = 0.93) in the current sample. As per protocol, the analyses were repeated 
including a composite mental health measure including the DASS-21 total score as well as the short Warwick-
Edinburgh Mental Wellbeing Scale (WEMWS)27 and Strengths and Difficulties Questionnaire (SDQ)28. For 
details on these scales see the supplementary materials. PROCEDURES See Figure S1 for a schematic overview 
of the procedures. Following informed consent participants completed a baseline measure of mood, followed by 
self-report measures of demographics, mental health, social rejection sensitivity, and perceived social support. 
Next, participants completed the Raven’s Advanced Progressive Matrices and the affective digit span task (see 
supplementary materials for details on the measures). Participants then completed both the online social evalu-
ative threat and control conditions of the learning task (counterbalanced presentation order across participants), 
mood was assessed again following completion of the learning task in each condition. In the threat condition, 
mood was additionally measured after receiving audio recording instructions and after completing the audio 
recording and ratings. After completing the learning task in the threat condition participants were asked: “Did 
you believe the ratings were real?” and “Were you worried about the ratings?”. Participants responded on a 
visual analogue scale ranging from 0 (I was 100% sure they were NOT real and I was not worried at all respec-
tively) to 100 (I was 100% sure they were real and I was very worried respectively). Participant responses to the 
two manipulation check questions for the online social evaluative threat paradigm indicated average ratings of 
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believability (M = 54.07, SD = 29.49) and worry (M = 50.67, SD = 30.01). Controlling the best fitting models for 
believability did not alter the pattern of results (see supplementary materials, Tables S3–S9) nor did excluding 
participants with manipulation check scores below 50 (out of 100). All participants were therefore retained for 
analysis. Participants were then presented with the debrief statement, which explained the study’s manipulations 
(i.e., their audio recording could not be accessed by other participants; the audio they rated was pre-recorded by 
a confederate; the views/comments tracker was not real). After the debrief, participants were asked to provide 
informed consent once again.

Analytic strategy. All statistical analyses were conducted using R version 4.0.1 (packages noted in sup-
plementary materials). Unless otherwise specified, all reported statistics were based on linear mixed models, 
including participant ID as random effect. In models including Mood as the outcome variable, Condition was 
modelled as baseline, post-threat (mood following completion of the learning task in the threat condition) and 
post-control (mood following completion of the learning task in the control condition). In models including 
Learning as the outcome, Condition was modelled as threat = 0 vs. control = 1 and Time was modelled as time-
points 1–4 in the learning task. Model fits were compared, a more complex model was chosen only if the model 
comparison was significant, and the Akaike Information Criterion was 2 points (or more) lower than the simpler 
 model29. The third hypothesis was tested using mediation analysis. It should be noted here that mediation was 
used as a statistical analysis tool, to avoid artificially partitioning social rejection sensitivity into categories. It 
does not, however, imply causal or temporal mediation as the study is cross-sectional. To improve the inferences 
of non-significant results, Bayes factors were calculated using the Bayesian Information Criterion (BIC)30. All 
analyses including depressive symptoms were repeated including mental health (composite score) as a fixed 
effect, as per the pre-registration. These analyses showed the same pattern of results and are therefore included 
in the supplementary materials (Tables S8/S9).

Additionally, as per pre-registration, linear mixed models were run to investigate the effects of age on mood 
and learning. Moreover, we investigated whether any differences in learning rates could simply be accounted 
for by age-related variance in cognitive  ability31 or affective control (the capacity to deploy cognitive control in 
affective contexts)32. To do so, set I of the Raven’s Advanced Progressive  Matrices31 was used to assess cognitive 
abilities. The affective backward digit span  task33 was used to measure affective control. There were no significant 
associations between affective control and mood or learning (Table S2), but cognitive ability was significantly 
associated with learning in the threat condition (r =  − 0.15, p = 0.018), such that participants with higher cognitive 
ability demonstrated a decreased slope (indicating increased learning) in the threat condition of the learning 
task. Cognitive ability was therefore entered as a covariate in analyses including learning.

Results
Effect of online social evaluative threat on mood. As shown in Fig. 1A, a linear mixed model inves-
tigating the effect of condition (baseline, post-threat, post-control) on mood, showed that participants reported 
heightened negative mood following the threat condition compared to baseline, b = 38.86, SE = 3.74, t = 10.38, 
p < 0.001. As shown in Fig. 1B, participants also reported heightened negative mood following the control condi-
tion compared to baseline, b = 15.65, SE = 3.74, t = 4.18, p < 0.001. Comparing the two task conditions showed, 
in line with the task design, that participants reported significantly more negative mood following the threat 
condition compared to the control condition, b = 23.20, SE = 3.75, t = 6.19, p < 0.001.

When exploring mood within the evaluative threat condition, results showed a significant increase in reported 
negative mood from baseline to post-instruction (immediately prior to recording self-introduction audio; 
b = 42.98, SE = 3.74, t = 11.50, p < 0.001), and from baseline to post-recording (immediately following recording 
of self-introduction audio and rating of peer self-introduction audio; b = 32.89, SE = 3.74, t = 8.80, p < 0.001). 
Comparing pre-recording mood to post-recording mood showed that participants reported a significant decrease 
in negative mood following recording completion, b = -10.10, SE = 3.75, t = 2.69, p = 0.022.

Effects of social risk (social rejection sensitivity) and protective (social support) factors under 
online social evaluative threat. Effects on mood. When investigating the effects of social risk and pro-
tective factors on mood, the most parsimonious fit was the model including condition (baseline, post-threat, 
post-control), social rejection sensitivity (Table 2, Model 2A) and social support (Table 2, Model 2B), respec-
tively, but no interaction terms. As shown in Fig. 2A and B respectively, significant main effects of social rejec-
tion sensitivity and social support on mood (BFs > 100) showed that on average, participants’ reported negative 
mood increased as a function of increased social rejection sensitivity and decreased as a function of increased 
perceived social support.

Effects on learning. The best fitting model for learning was the model including only time (Table 3, Model 
1). However, there was no significant main effect of time on learning (BF = 0.035). This suggests that learning 
did not take place in the present study. As per the study’s pre-registration, all further analyses investigating the 
effects of social rejection sensitivity, social support, depressive symptoms, and mental health symptoms on learn-
ing were run. However, due to the absence of learning these analyses have been reported in the supplementary 
materials (Tables S4/S9).

Given the absence of learning, exploratory analyses were run to investigate the effects of social rejection 
sensitivity and social support on overall task performance (reaction time and accuracy), as an index of cognitive 
functioning with a Bonferroni-corrected significance level of p < 0.025 applied for the two additional outcomes.
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Figure 1.  Effects of online social evaluative threat on mood. Note The figure shows changes in participants’ self-
reported mood (with mean and SD) at different time points throughout the study. Mood is operationalised as 
the sum of anxiety (out of 100), stress (out of 100), and reverse-coded pleasantness (out of 100) measures, with 
higher scores indicating greater negative mood. In (A) condition is modelled as baseline, post-threat (mood 
following completion of the learning task threat condition) and post-control (mood following completion of the 
learning task control condition). In (B) condition is modelled as baseline, pre-recording (immediately prior to 
recording self-introduction audio) and post-recording (immediately following recording of self-introduction 
audio and rating of peer self-introduction audio). Table S1 includes all condition means.

Figure 2.  Effects of social rejection sensitivity and perceived social support on mood. Note Mood is 
operationalised as the sum of anxiety (out of 100), stress (out of 100), and reverse-coded pleasantness (out of 
100) measures, with higher scores indicating greater negative mood. (A) illustrates the association between 
participant mood and level of social rejection sensitivity (total score on the Online and Offline Social Sensitivity 
Scale)24 after controlling for condition. (B) illustrates the association between participant mood (controlling for 
condition) and level of perceived social support (combined score of the family and friends subscales from the 
Schuster Social Support Scale)34.
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Table 2.  Models investigating the effects of condition, social rejection sensitivity (models 2/3A) and social 
support (Models 2/3B) on mood. *p < 0.05 **p < 0.01 ***p < 0.001. Mood is operationalised as the sum of 
anxiety (out of 100), stress (out of 100), and reverse-coded pleasantness (out of 100) measures, with higher 
scores indicating greater negative mood. Condition is modelled as baseline, post-threat (mood following 
completion of the learning task threat condition) and post-control (mood following completion of the learning 
task control condition). Models 2A and 3A included social rejection sensitivity as predictor, and models 2B 
and 3B included social support as predictor.

Dependent variable Predictor variable(s) b df t p R2m/R2c AIC Chi2 P(chi2)

Model 1

0.01/0.56 7258.5

Mood Condition 7.83 447.43 3.81  < 0.001***

Model 2A

0.09/0.56 7233.1 27.42  < .001***

Mood Condition 7.83 447.55 3.81  < 0.001***

Social rejection sensitivity 2.04 221.38 5.40  < 0.001***

Model 3A

0.09/0.56 7235.0 0.11 .738

Mood

Condition 5.81 447.55 0.91 0.363

Social rejection sensitivity 1.89 647.09 3.21 0.001**

Condition × Social rejection 
sensitivity 0.08 447.55 0.33 0.738

Model 2B

0.08/0.56 7237.6 22.94  < .001***

Mood
Condition 7.83 448.59 3.81  < 0.001***

Social support − 3.99 222.57 − 4.91  < 0.001***

Model 3B

0.08/0.56 7239.6 0.00 .959

Mood

Condition 7.55 448.59 1.30 0.195

Social support − 3.94 644.85 − 3.13 0.002**

Condition × Social support − 0.02 448.59 − 0.05 0.959

Table 3.  Models investigating the effects of time and condition on learning. *p < 0.05 **p < 0.01 ***p < 0.001. 
Slope indicates average learning on learning task trials. Time indicates time points 1 through 4 in the learning 
task. Condition indicates condition of the learning task (coded 0 = threat, 1 = control). Cognitive ability was 
measured with the Raven’s Advanced Progressive  Matrices31.

Dependent Variable Predictor Variable(s) b df t p R2m/R2c AIC Chi2 p(chi2)

Model 1

0.00/0.01 32,307.3

Slope
Time 15.05 1791.84 0.95 0.344

Cognitive ability − 20.39 304.99 − 2.63 0.009**

Model 2

0.00/0.01 32,309.1 0.14 .713

Slope

Time 15.27 1794.38 0.96 0.337

Condition − 13.70 1792.90 − 0.39 0.699

Cognitive ability − 19.95 306.47 − 2.58 0.010*

Model 3

0.01/0.01 32,304.2 1.82 .177

Slope

Time − 9.64 1798.52 − 0.43 0.670

Condition − 136.08 1791.19 − 1.57 0.1167

Cognitive ability − 19.83 306.38 − 2.56 0.011*

Time x Condition 49.09 1793.04 1.55 0.123
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For reaction time the baseline models with time showed the most parsimonious fit for both models including 
social sensitivity and social support (Model 1; Table 4). There was a significant main effect of time on reaction 
time (BF = 41.42), such that participants became faster over the course of the task.

For accuracy the best fit was for a model including time and condition (Model 2, Table 4), when investigating 
social rejection sensitivity. A significant main effect of time (BF > 100) showed increasing accuracy over time. 
The significant main effect of condition on accuracy (BF = 5.482) showed that participants were more accurate 
in the control compared to the threat condition. When investigating the effects of social support on accuracy, 
the best fit was the model including time, condition, and social support, but no interactions (Model 3B, Table 4). 
In this model, the effects of time and condition on accuracy remained significant. Additionally, after controlling 
for time and condition, there was a significant main effect of social support on accuracy (BF = 2.67), such that 
increased perceived social support was associated with greater accuracy on the learning task.

Effects of pre‑existing depressive symptoms under online social evaluative threat. When investigating the effects 
of depressive symptoms on mood during the experiment, the most parsimonious fit was the model including 
only condition (baseline minus post-threat vs baseline minus post-control), but not including depressive symp-
toms or interactions between the two (Table S7, Model 1). This indicates that, contrary to our hypotheses, the 
effect of condition on mood in the task did not significantly differ as a function of pre-existing depressive symp-
toms. Given the absence of an effect of pre-existing depressive symptoms hypothesis 3 was no longer warranted. 
However, as it is pre-registered we report the results in the supplementary analyses.

Effects of age. Exploratory age analyses indicated that there was no significant effect of age on mood (b = − 0.70, 
SE = 1.28, t = − 0.55, p = 0.586) or significant interaction between age and condition (mood: b = 0.05, SE = 0.48, 
t = 0.11, p = 0. 914, BF = 0.039). Exploratory analyses indicated that there was also no significant effect of age on 
accuracy (b = 0.14, SE = 0.12, t = 1.14, p = 0.255) or reaction time (b = − 8.96, SE = 23.05, t = − 0.39, p = 0.698), or 
significant interaction between age and condition (accuracy: b = − 0.04, SE = 0.09, t = − 0.53, p = 0.597, BF = 0.055; 
reaction time: b = − 45.71, SE = 30.89, t = − 1.48, p = 0.140, BF = 0.141).

Discussion
This pre-registered study tested the effects of online social evaluative threat on adolescent mood and learning. In 
line with our predictions, participants reported increased negative mood following an online social evaluative 
threat. Mood also varied as a function of social risk and protective factors. That is, negative mood was highest 
in individuals high on social rejection sensitivity and lowest in those high on perceived social support. In offline 
social contexts, social evaluative threat during public speaking tasks has been associated with psychological (e.g., 
negative affect) and physiological (e.g., elevated cortisol) correlates of  distress35–37. The present study suggests 
that online social evaluation may be perceived as similarly stressful.

Although we did observe an overall effect of social evaluative threat, this did not vary as a function of hypoth-
esised factors: risk (social rejection sensitivity) and resilience (social support), nor did it vary as a function of 
age. The lack of an effect of age was surprising, given that previous research reports that younger age has been 
associated with greater self-reported distress on social stress  tasks36. Adolescents have been shown to be more 
sensitive to social  stressors38. Our finding of no differential effects for different age groups may suggest that online 
social evaluation is a potent stressor across ages.

The effect of social evaluative threat on mood also did not vary by individuals’ social rejection sensitivity or 
social support (Hypothesis 1a). That is, individuals who described themselves as more or less sensitive to social 

Table 4.  Model Fit Analyses for Reaction Time and Accuracy. *p < 0.025 ** p < .01 *** p < 0.001. A full 
summary of regression models of reaction time exploratory analyses have been reported in the supplementary 
materials (Tables S5/S6).

AIC R2m/R2c Chi2 p(chi2)

Reaction time

Model 1 32,244.1 0.01/0.20

Model 2 32,241.6 0.01/0.20 2.80 0.094

Model 3A 32,241.4 0.01/0.20 6.71 0.035

Model 4A 32,245.1 0.01/0.20 2.60 0.626

Model 3B 32,243.0 0.01/0.20 3.41 0.182

Model 4B 32,245.3 0.01/0.20 9.14 0.166

Accuracy

Model 1 8057.0 0.02/0.56

Model 2 8048.6 0.02/0.56 11.00  < 0.001***

Model 3A 8049.3 0.02/0.56 0.69 0.408

Model 4A 8049.3 0.03/0.56 8.70 0.122

Model 3B 8041.2 0.04/0.56 9.56 0.002**

Model 4B 8041.8 0.04/0.56 6.62 0.157
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rejection or more or less socially supported did not react differently to social evaluative threat. In line with this 
finding, previous research showed that these social factors were associated with mood across contexts, support-
ing their role in affect more  generally13,39. The present findings suggest that social evaluative threat might be 
experienced as stressful regardless of pre-existing social risk and resilience factors.

While the effects of social evaluative threat on learning (Hypothesis 1b) could not be examined as set out in 
our pre-registration, as learning did not occur on the task, we did explore effects on cognitive functioning (i.e., 
accuracy and reaction time in the learning task). Bearing the caveat in mind that these analyses were exploratory 
and thus need replication, the finding that accuracy on the learning task was significantly reduced in the context 
of online social evaluative threat suggests that online social evaluation may disrupt cognitive functioning. This 
finding has potential implications across domains of education, development and cognitive sciences. In line with 
attentional control  theory16, the perpetual potential for online social evaluation creates an environment in which 
cognitive resources are partially deployed to attend to potential social evaluation and to the affective response 
elicited by this social threat, thereby limiting resources to acquire academic and vocational skills that depend 
on good cognitive functioning. Furthermore, we observed that this effect did not vary across adolescence and 
young adulthood, which are primary developmental periods for academic and vocational skill  development40.

The lack of observed effects of depressive symptoms (Hypothesis 2) was surprising, especially as previous 
studies have found that depressive symptoms are related to increased feelings of stress and  anxiety41–43, both of 
which were included as factors in this study’s mood variable and have been shown to increase following social 
evaluative  threats37. However, we found that social rejection sensitivity partially accounted for a relationship 
between depressive symptoms and mood (Hypothesis 3), in line with studies reporting associations between social 
rejection sensitivity, increased depressive symptoms and decreased well-being44. It is important to note that as 
no direct effects of depressive symptoms on participant mood were observed, significant results from mediation 
analyses investigating the effects of other factors on this relationship are preliminary, with future studies needing 
to further investigate these effects through longitudinal experimental designs.

Limitations and directions for future research
While the present study provides valuable insights into the relationship between social evaluative threat and 
adolescent mood in an online context, as well as providing preliminary evidence of an effect of online social 
evaluative threat on cognition, its limitations must be considered when interpreting the results. Firstly, we are 
unable to make any causal or directional inferences from the study’s findings regarding the mediating analyses 
investigating the relationship between social rejection sensitivity, mental health, and mood, as the study was 
conducted cross-sectionally and the predictor (mental health) and mediator (social rejection sensitivity) were 
concurrently measured. Furthermore, the absence of learning on the task suggests that more trials are needed to 
detect learning and future research is needed to investigate the effect of evaluative threat on learning specifically.

In sum, this pre-registered study suggests that online social evaluative threat impacts mood and cognition 
adversely. These insights contribute to an evidence base to inform decision-making by young people, parents, 
educators and policymakers regarding social media use.

Data availability
The dataset generated and analysed during the current study available from the corresponding author on rea-
sonable request.
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References
 1. Sawyer, S. M., Azzopardi, P. S., Wickremarathne, D. & Patton, G. C. The age of adolescence. Lancet Child Adolesc. Health 2, 223–228 

(2018).
 2. Guyer, A. E., Silk, J. S. & Nelson, E. E. The neurobiology of the emotional adolescent: From the inside out. Neurosci. Biobehav. Rev. 

70, 74–85 (2016).
 3. Nelson, E. E., Jarcho, J. M. & Guyer, A. E. Social re-orientation and brain development: An expanded and updated view. Dev. Cogn. 

Neurosci. 17, 118–127 (2016).
 4. Viner, R. M. et al. Adolescence and the social determinants of health. Lancet 379, 1641–1652 (2012).
 5. Rideout V. Measuring time spent with media: The Common Sense census of media use by US 8- to 18-year-olds. Journal of Children 

and Media  10, 138–144 (2016).
 6. Anderson, M. & Jiang, J. Teens, social media & technology 2018. Pew Res. Center 31, 1673–1689 (2018).
 7. Orben, A. Teenagers, screens and social media: a narrative review of reviews and key studies. Soc. Psychiatry Psychiatr. Epidemiol. 

55, 407–414 (2020).
 8. McNamee, P., Mendolia, S. & Yerokhin, O. Social media use and emotional and behavioural outcomes in adolescence: Evidence 

from British longitudinal data. Econ. Hum. Biol. 41, 100992 (2021).
 9. Walsh, J. J., Barnes, J. D., Tremblay, M. S. & Chaput, J.-P. Associations between duration and type of electronic screen use and 

cognition in US children. Comput. Hum. Behav. 108, 106312 (2020).
 10. Stieger, S. & Wunderl, S. Associations between social media use and cognitive abilities: Results from a large-scale study of adoles-

cents. Comput. Hum. Behav. 135, 107358 (2022).
 11. van Harmelen, A.-L. et al. Adolescent friendships predict later resilient functioning across psychosocial domains in a healthy 

community cohort. Psychol. Med. 47, 2312–2322 (2017).
 12. Kilford, E. J., Garrett, E. & Blakemore, S.-J. The development of social cognition in adolescence: An integrated perspective. Neurosci. 

Biobehav. Rev. 70, 106–120 (2016).
 13. Gao, S., Assink, M., Cipriani, A. & Lin, K. Associations between rejection sensitivity and mental health outcomes: A meta-analytic 

review. Clin. Psychol. Rev. 57, 59–74 (2017).
 14. Silvers, J. A. et al. Age-related differences in emotional reactivity, regulation, and rejection sensitivity in adolescence. Emotion 12, 

1235–1247 (2012).



10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:20999  | https://doi.org/10.1038/s41598-022-24932-w

www.nature.com/scientificreports/

 15. Allen, N. B. & Badcock, P. B. The social risk hypothesis of depressed mood: evolutionary, psychosocial, and neurobiological per-
spectives. Psychol. Bull. 129, 887–913 (2003).

 16. Eysenck, M. W., Derakshan, N., Santos, R. & Calvo, M. G. Anxiety and cognitive performance: Attentional control theory. Emotion 
7, 336–353 (2007).

 17. Gariepy, G., Honkaniemi, H. & Quesnel-Vallee, A. Social support and protection from depression: Systematic review of current 
findings in Western countries. Br. J. Psychiatry 209, 284–293 (2016).

 18. Chu, P. S., Saucier, D. A. & Hafner, E. Meta-analysis of the relationships between social support and well-being in children and 
adolescents. J. Soc. Clin. Psychol. 29, 624–645 (2010).

 19. Kelly, M. E. et al. The impact of social activities, social networks, social support and social relationships on the cognitive function-
ing of healthy older adults: a systematic review. Syst. Rev. 6, 259 (2017).

 20. Cacioppo, J. T. & Hawkley, L. C. Perceived social isolation and cognition. Trends Cogn. Sci. 13, 447–454 (2009).
 21. von Soest, T., Luhmann, M. & Gerstorf, D. The development of loneliness through adolescence and young adulthood: Its nature, 

correlates, and midlife outcomes. Dev. Psychol. 56, 1919–1934 (2020).
 22. Oh, H. J., Ozkaya, E. & LaRose, R. How does online social networking enhance life satisfaction? The relationships among online 

supportive interaction, affect, perceived social support, sense of community, and life satisfaction. Comput. Hum. Behav. 30, 69–78 
(2014).

 23. Cole, D. A., Nick, E. A., Zelkowitz, R. L., Roeder, K. M. & Spinelli, T. Online social support for young people: does it recapitulate 
in-person social support; can it help?. Comput. Hum. Behav. 68, 456–464 (2017).

 24. Andrews, J. L., Khin, A. C., Crayn, T., Humphreys, K. & Schweizer, S. Measuring online and offline social rejection sensitivity in 
the digital age. Psychol. Assess. https:// doi. org/ 10. 1037/ pas00 01136 (2022).

 25. Rydell, R. J., Shiffrin, R. M., Boucher, K. L., Van Loo, K. & Rydell, M. T. Stereotype threat prevents perceptual learning. Proc. Natl. 
Acad. Sci. 107, 14042–14047 (2010).

 26. Lovibond, P. F. & Lovibond, S. H. Manual for the Depression Anxiety Stress Scales. (Psychology Foundation of Australia, 1995).
 27. Tennant, R. et al. The Warwick-Edinburgh Mental Well-being Scale (WEMWBS): development and UK validation. Health Qual. 

Life Outcomes 5, 63 (2007).
 28. Goodman, R. The strengths and difficulties questionnaire: A research note. J. Child Psychol. Psychiatry 38, 581–586 (1997).
 29. Burnham, K. P. & Anderson, D. R. Information and Likelihood Theory: A Basis for Model Selection and Inference. In Model 

Selection and Multimodel Inference: A Practical Information‑Theoretic Approach 49–97 (Springer, 2002).
 30. Wagenmakers, E. A practical solution to the pervasive problems of p values. Psychon. Bull. Rev. 14, 779–804 (2007).
 31. Raven, J. C. Guide to the standard progressive matrices: Sets A, B, C, D and E (HK Lewis & Co., 1960).
 32. Schweizer, S., Gotlib, I. H. & Blakemore, S. J. The role of affective control in emotion regulation during adolescence. Emotion 20, 

80–86 (2020).
 33. Schweizer, S. et al. Protocol for an app-based affective control training for adolescents: proof-of-principle double-blind randomized 

controlled trial. Wellcome Open Res. 4, 91 (2019).
 34. Schuster, T. L., Kessler, R. C. & Aseltine, R. H. supportive interactions, negative interactions, and depressed mood. Am. J. Com‑

munity Psychol. 18, 423–438 (1990).
 35. Sumter, S. R., Bokhorst, C. L., Miers, A. C., Van Pelt, J. & Westenberg, P. M. Age and puberty differences in stress responses during 

a public speaking task: do adolescents grow more sensitive to social evaluation?. Psychoneuroendocrinology 35, 1510–1516 (2010).
 36. Allen, A. P., Kennedy, P. J., Cryan, J. F., Dinan, T. G. & Clarke, G. Biological and psychological markers of stress in humans: Focus 

on the Trier Social Stress Test. Neurosci. Biobehav. Rev. 38, 94–124 (2014).
 37. Westenberg, P. M. et al. A prepared speech in front of a pre-recorded audience: Subjective, physiological, and neuroendocrine 

responses to the Leiden Public Speaking Task. Biol. Psychol. 82, 116–124 (2009).
 38. Somerville, L. H. Special issue on the teenage brain: Sensitivity to social evaluation. Curr. Dir. Psychol. Sci. 22, 121–127 (2013).
 39. Gregory, D., Turnbull, D., Bednarz, J. & Gregory, T. The role of social support in differentiating trajectories of adolescent depressed 

mood. J. Adolesc. 85, 1–11 (2020).
 40. Kremen, W. S. et al. Influence of young adult cognitive ability and additional education on later-life cognition. Proc. Natl. Acad. 

Sci. 116, 2021–2026 (2019).
 41. Braet, C., Van Vlierberghe, L., Vandevivere, E., Theuwis, L. & Bosmans, G. Depression in early, middle and late adolescence: dif-

ferential evidence for the cognitive diathesis-stress model. Clin. Psychol. Psychother. 20, 369–383 (2013).
 42. Conley, C. S., Rudolph, K. D. & Bryant, F. B. Explaining the longitudinal association between puberty and depression: sex differ-

ences in the mediating effects of peer stress. Dev Psychopathol 24, 691–701 (2012).
 43. Kessler, R. C. et al. Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the National Comorbidity Survey 

Replication. Arch. Gen. Psychiatry 62, 593–602 (2005).
 44. Marston, E. G., Hare, A. & Allen, J. P. Rejection sensitivity in late adolescence: Social and emotional sequelae. J. Res. Adolesc. 20, 

959–982 (2010).

Author contributions
S.S. and J.W. designed the study. K.G. and J.D. programmed the task and collected the data. K.G. and S.S. ana-
lysed the data and wrote the main manuscript text. All authors reviewed and commented on the manuscript.

Funding
This study was funded by the Jacobs Foundation, Young Scholar Award to SS and JW. The Jacobs Foundation had 
no role in the development of the study, the collection and analysis of data, or the writing and submission of the 
paper for publication. SS was additionally funded by a Wellcome Trust fellowship [209127/Z/17/Z].

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 24932-w.

Correspondence and requests for materials should be addressed to S.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1037/pas0001136
https://doi.org/10.1038/s41598-022-24932-w
https://doi.org/10.1038/s41598-022-24932-w
www.nature.com/reprints


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:20999  | https://doi.org/10.1038/s41598-022-24932-w

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	The effect of online social evaluation on mood and cognition in young people
	The effect of social evaluative threat on learning and well-being in young people. 
	Offline social risk and protective factors: Social rejection sensitivity and social support. 
	Risk and protective factors in digital interactions. 
	The current study. 
	Methods
	Participants. 
	Procedure. 
	Online social evaluative threat task. 
	Threat condition. 
	Control condition. 


	Measures
	Mood. 
	Social rejection sensitivity. 
	Mental health. 
	Analytic strategy. 

	Results
	Effect of online social evaluative threat on mood. 
	Effects of social risk (social rejection sensitivity) and protective (social support) factors under online social evaluative threat. 
	Effects on mood. 
	Effects on learning. 
	Effects of pre-existing depressive symptoms under online social evaluative threat. 
	Effects of age. 


	Discussion
	Limitations and directions for future research
	References


