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Fig. 3| Gaps in empathy perception between perceived empathy of others

and aggregated self-reported ratings from community members. a, Gapsin
empathy perception at each sample point (Nyincer 2023 = 2,336, Nypring 2023 = 2,628,
Nautumn2023 = 2,451, Nyincer2024 = 2,384, Nypring 2024 = 2,284). Violin plots depict the
distribution of data. Box plots within the violins indicate the median (centre line),
theinterquartile range (bounds of the box) and whiskers extending to 1.5 times

the interquartile range; data points beyond the whiskers are shown as outliers.
b, The mean perceived empathy of others and mean self-reported empathy
across different scenarios assessed in the scale (N = 4,678). Error bars represent
95% Cls. Raw data for b were binary and are not shown. Statistical comparisons
between perceived and self-reported empathy were conducted using two-sided
paired t-tests. All tests in aand b were statistically significant at < 0.001.

own tendencies served as a proxy measure of the actual norms of the
student body.

Across all sample waves, students perceived their peers as an
average of 23.9% less empathic than peers perceived themselves (all
P<0.001; Fig. 3a). For instance, participants estimated that 86.8% of
Stanford students would “act kindly by helping others who are feeling
bad”, whereas 95.5% of Stanford students responded positively to the
same question (Fig.3b), indicating a 8.7% empathy perception gap on
this measure. Empathy perceptions were robust across gender, race and
class year. Individuals with higher anxiety, depression and loneliness
reported larger empathy perception gaps, but these perception gaps
were significantly observed among individuals low in these traits as
well (Supplementary Fig. 2). Together, these results reveal a system-
atic empathy perception gap, such that students tend to view other
students as less empathic and caring than others view themselves.

This gap can be explained by several factors. First, students might
notrealize how empathic their peerstruly are. Second, students might
self-enhance whenthey respond to our questions, overestimating how
empathic they themselves are®®. Study 3 further explores this question.
Through a field intervention, we found that people increased their
empathy perception after given the opportunity to learn about the
empathyin others, demonstrating that this observed gap may at least
be partially explained by underestimatesrather than self-enhancement.

We also examined the cross-sectional and longitudinal associa-
tions between the empathy perception gap and social outcomesinclud-
ing social risk behaviours and loneliness at the individual level. As this
set ofanalyses was exploratory, we controlled for multiple comparisons
using false discovery rate correction®. The social risk-taking meas-
ure assessed people’s tendency to engage in social behaviours with
uncertain outcomes, suchassocializing with strangers, sharing vulner-
abilities and disagreeing with others (Methods). At anindividual level,

the empathy perception gap was negatively associated with social risk
taking both concurrently (8=-0.16, 95% confidence interval (Cl) -0.18
t0-0.14,£(14,721) = -17.61, P,4seq < 0.001) and longitudinally (8=-0.03,
95% C1-0.06 to —0.01, £(3,938) = -2.95, P,gjustea = 0.03). Similarly, the
empathy perception gap was positively associated with loneliness
both concurrently (= 0.08, 95% CI 0.07 to 0.09, (14,455) =15.68,
Pgjustea < 0.001) and longitudinally (8=0.04, 95% CI 0.03 to 0.05,
t(8,308) =7.38, P,gjustea < 0.001). When students perceive their peers
asless empathic and caring, they are less likely to engage in social risk
behaviours (for example, talking to strangers or sharing vulnerabilities)
andreport feelingslightly lonelier. These resultsindicate that empathy
perceptions are not only passive reflections of the social world, they are
also significant predictors of students’ social behaviours.

Study 3: promoting social connection through field
experiments

Empathy perception reliably tracks well-being (Study 1), yet people
systematically view others as less empathic than others view themselves
(Study 2). In Study 3, we report two preregistered field experiments
that test (1) whether a simple intervention can shift empathy percep-
tions and (2) whether this change could promote social connectedness
and well-beingamong students. Both experimentsinvolved first-year
undergraduates at Stanford University. We chose to focus on first-year
students because they are in a transitional period in which new social
bonds are crucial*®. Additionally, they are still learning about their
community, possibly making their community perceptions relatively
more malleable*.

Study 3a. Study 3a (conducted between October 2022 and February
2023, preregistered at https://osf.io/uzrén) explored whether we could
shift students’ empathy perceptions through a combination of a social
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norms campaignand anin-person educational workshop, both of which
were carried out at the dorm level. Allincoming first-year students were
randomized into an experimental or control condition based on the
dormthey livein (Methods). Eight weeks into the autumn term, we dis-
played aseries of postersinexperimental dorms. These posters (Fig.4a)
featured real statistics about students’ self-reported social qualities,
based on data we gathered from the previous term. For instance, one
poster read “95% of Stanford students are likely to help others who are
feeling down” another read “85% of Stanford students enjoy meeting
and becoming friends with students they did not know”. The control
condition dorms were not exposed to these posters.

The in-person educational workshop was administered as part
of a course named ‘Frosh 101’ at Stanford University. Offered only to
first-year students, Frosh101is a course designed to help new students
adjust to college life. About 50% of first-year students enroll in this
course each year. Frosh 101 is split into small sections, and students
who reside in the same dorm attend the same section, allowing us to
deliver different course materials to students at the dorm level. Stu-
dents from experimental dorms who enrolled in this course received
al-h workshop that educated them about their peers’ empathy and
socialgoals through a series of interactive exercises and reflections (for
course details, see Supplementary Information). Those enrolled in the
Frosh101who resided indormsinthe control conditionattendedal-h
workshop on handling difficult times during college.

We evaluated the outcomes of these interventions at two time-
points: atthe end of the autumn term (T1) and at the start of the winter
term (T2). At both timepoints, all first-year students were invited to
respond to a survey that assessed their empathy perception, social
risk behaviours and time spent socializing. Recruitment numbers at
T2 (Nexperimental = 74, Neonrot = 161) differed significantly between the two
conditions due to project design considerations not relevant to the
current study; however, the groups did not differ on demographics,
baseline empathy perception or baseline social risk taking (Methods
and Supplementary Information).

At T1, which happened approximately 2 weeks after the in-person
workshops, we observed no significant differencesin the outcome vari-
ables between the experimental and control conditions (all P> 0.05;
Nexperimental = 165, Neonero1 = 175). However, by T2 (about 3 months after
the in-person workshop), participants in the experimental condition
perceived their peers as significantly more empathic (8= 0.28, 95%
Cl10.06t0 0.50, £(218) =2.46, P=0.01; Fig. 4b). On average, students
from the experimental condition underestimated their peers’empathy
by 0.11 points on a 7-point scale, whereas control group participants
underestimated empathy by 0.40. Compared with participantsin the
control condition, perception ratings from experimental group par-
ticipants were 72.79% closer to their peers’ self-reports. Students from
experimental dorms also reported engaging in social risk behaviours
significantly more frequently (standardized = 0.39, 95% CI 0.07 to
0.70, t(219) = 2.44, P=0.02; Fig. 4b). On the other hand, we did not
observeasignificant difference in the amount of time spent socializing
between thetwo conditions (8= 0.15,95% CI-0.08t0 0.38, t(219) =1.32,
P=0.19). While our intervention did not increase the amount of time
students spent socializing, it shifted how students chose to socialize,
with participants in the experimental condition engaging in signifi-
cantly more social risk behaviours. For a comparison between these
two measures, see Supplementary Information.

Study 3b. The results from Study 3a showed that we could effectively
shift students’ empathy perceptions by presenting students with real
data about their peers’ self-reports. In addition to directly informing
students about population statistics, people are also likely to shift
their perceptions through engaging in social risk behaviours (that
is, activities with uncertain social outcomes) and receiving feedback
directly from their peers. As such, Study 3b explored whether our
intervention could be enhanced by adding smartphone-delivered
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Fig. 4| Using normative campaign posters and in-person workshops to shift
students’ empathy perception and social risk behaviours. a, An example
poster used in the intervention. b, The effects of the intervention on outcome
variables at T2 (N =235). Intervention effects in b were estimated using OLS
regressions, with experimental condition specified as a predictor and adjusting
forage, gender andrace. Theerror barsinb represent 95% Cls.

behavioural nudges alongside the social norms campaign to encour-
age behaviour change. We theorize that these behavioural nudges
can provide opportunities to help participants better ‘calibrate’ their
empathy perceptions through directly engaging in social risk behav-
iours. We also expanded our outcome measures to include not only
self-reported empathy, but also momentary changes in social risk
behaviour, momentary positive affect, social network metrics and
behavioural sign-ups for asocial event.

Study 3b (preregistered at https://osf.io/sqwy4) was conducted
between October 2023 and May 2024. We used a 2 x 2 between-subject
experimental design where all first-year students at Stanford University
were randomized into one of the following four conditions: control (no
treatment, N =150), social norms (N = 82), behavioural nudge (V= 63)
and combined (both social norms and behavioural nudges, N=96). As
inStudy 3a, randomization occurred at the dorm level.

We originally adopted this design as it allowed us to compare
the relative strength of social norms intervention and behavioural
nudges. However, given the limited sample size in each condition, we
were underpowered to detect effects of each treatment condition.
For example, a post hoc power analysis indicates that we need 129
participants per condition to have sufficient power (80%) to detect
amoderate effect size of d = 0.35 at a = 0.05 (for a power sensitivity
analysis, see Supplementary Information). As such, we collapsed the
threeintervention conditionsinto one overall experimental condition
for analyses in the main manuscript (consistent with the procedures
outlinedin the preregistration). That said, exploratory regressions do
suggest that social norms and behavioural nudges contribute unique
variances to our outcomes of interest. For the results for each condition
separately, see Supplementary Information.

In the autumn of 2023, all first-year students were invited to take
partinanexperience sampling study, inwhich they received ‘pings’ on
their smartphone four times a day for 3 weeks. These pings served as
assessments of momentary affect and social risk behaviour. The first
2 weeks of the experience sampling period also served as aninterven-
tion period. During this time, participants in the experimental condition
also received daily intervention messages along with the assessment
questions. Specifically, students in the social norms condition received
questions assessing their empathy perception of other university stu-
dents (Fig. 5a), and received feedback about actual community norms
observed in our studies. For instance, one of the questions asked: “Do
you agree with the following statement: more than 95% of Stanford
students are likely to help others who are feeling down.” For students
who selected ‘yes’, they received a text affirming that their percep-
tion mapped onto the real statistics we collected from the Stanford
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Fig. 5| Intervention effects on social risk behaviours, empathy perception,
social connectedness and well-being. a-g, The effects of the interventionin
Study 3b (a) (V=391) onsocial risk behaviours (sign-up rates for a social event
(b) and momentary social risk behaviour (c)), empathy perception (d), social
connectedness (e) and psychological well-being (long-term well-being (f) and
momentary well-being (g)) The Pvalueinb corresponds to a two-proportion

z-test comparing intervention and control groups. Raw datain b were binary and
are not shown. Intervention effects in d-g were estimated using OLS regression
models, with the experimental condition specified as a predictor and adjusting
for age, gender and race. Social network and well-being measures were not
assessed during the autumn term. All tests were two sided and no adjustments
were made for multiple comparisons.

community. For studentswho selected ‘no’, they received the following
text: “Not quite right. But good news, students are more empathic than
you thought!Infact, in our past research with Stanford undergraduates,
we find that 95% of students report being willing to help others who
are feeling down. We also find that the majority of students actually
underestimate the kindness of their peers!” Similar to Study 3a, we
displayed aseries of postersin dorms for both the social norms and com-
bined conditions. These posters showed real statistics about students’
self-reported social qualities. These posters were put up before the
experience sampling study and remained throughout the school year.

Participants in the behavioural nudge and combined conditions
received behavioural nudges that encourage them to engage in social
risk taking. For instance, one nudge read “Compliment a person you
don’tknow yet” (Fig. 5a). Giventheimportance of settingimplementa-
tionintentions*, each behavioural nudge was followed by interactive
questions that prompted participants to plan out whenand where they
would carry out this behaviour. Participants in the combined condition
received both treatments and control condition participants did not
receive any normative messages or behavioural nudges.

We evaluated the outcomes of the intervention in four aspects:
empathy perception, social risk taking, social network metrics and
psychological well-being (see Table 1 for definitions of these variables).
First, empathy perception was assessed at four timepoints throughout
the school year: baseline (in the beginning of the fall term before the
intervention), autumn term, winter term and spring term. Consistent
with our preregistered hypothesis, we observed a small shiftinempa-
thy perception in the autumn term (2-3 weeks after the intervention;
£=0.25,95%C10.02t00.47,t(193) = 2.19, P=0.03; Fig. 5d). On average,
those inthe experimental condition perceived their peers to be about
5% more empathic compared with participantsin the control condition.
We did not observe significant differences between the two conditions
inthe winter term (4 months after the intervention) or the spring term
(6 months after the intervention).

We next examined whether our intervention shifted students’
social risk behaviour. Social risk taking was measured in two ways: (1)
we measured participants’ momentary social risk behaviours during
the experience sampling study and (2) to complement this self-report
measure, we assessed participants’ likelihood to sign up for a social
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Table 1| Measures included in Study 3b

EMA

Social risk behaviours In the past hour, have you done any of the
following? Select all that apply.

-Open up to other students when you are
struggling.

—Initiate an activity/conversation with a friend
(for example, ask a friend to grab lunch).

-Go to a social gathering.

~Initiate a conversation with another student
that you didn't already know.

-Share bad news with friends.

-Voice an honest opinion that you believed in.
-None of the above

This measure is represented as a binary
variable, where it is coded as 1 if at least one
social risk behaviour is reported and O if none
are reported.

Please use the slider bar to indicate how
you feel right now (O, not at all happy; 100,
extremely happy).

Momentary happiness

Self-reported measures

Empathy perception Same as Study 1.
Social risk behaviours Same as Study 2.
Psychological well-being Same as Study 1.

Social network measures

Social connectedness is defined as the
number of people that participants nominate
in response to the following question: “Who
are your closest friends?”. Participants could
nominate up to six peers.

Note that this measure was named ‘social
connection’ in the preregistration.

Social connectedness

eventaimed at meeting new students. First, we examined the effect of
intervention on social risk taking in the experience sampling data. As
predicted, the intervention significantly increased social risk taking
duringthe 2-week intervention period: on average, participantsinthe
experimental condition had 39% higher odds to report engaging in
social risk taking compared with control condition participants (odds
ratio (OR) 1.39, 95% CI11.05 to 1.83, P=0.02; Fig. 5¢). Importantly, this
difference widened over time. During week 3, even though participants
in the experimental conditions no longer received intervention mes-
sages, they had 63% higher odds to report engagingin social risk taking
compared with control condition participantsinweek 3 (OR1.63, 95%
Cl1.06t02.52,P=0.03; Fig.5¢c).

To complement the experience sampling social risk assessment,
we also included an additional behavioural measure of willingness to
take social risks. This was assessed using the sign-up rate for a social
activity hosted by our research team. In the winter term (3 months after
the intervention), the research team invited all participants across
conditions foranin-personactivity aimed at connecting students who
do not previously know each other. Consistent with our hypothesis,
studentsinthe experimental group had 1.91times the odds of signing
up for a social activity that involved talking with strangers compared
with control group participants (OR1.91, 95% C11.25t0 2.94, N=391,
P=0.003; Fig. 5b). On average, 46.2% of experimental group partici-
pantssigned up for the in-person activity, compared with 29.1% of the
control group participants.

We also tested whether there were differences in social connect-
edness and well-being following the intervention. As the timing of
the autumn survey was only aweek apart from the 3-week experience
sampling study, we administered a shorter survey in the autumn to
reduce participant burden. Social network metrics and well-being
were not assessed during the autumn sample point. Asin Study 1, social
connectedness was operationalized as the number of people that a

participant nominates as close friends. Because this outcome measure
was notincluded inthe preregistration, we used a false discovery rate
correction to account for multiple hypothesis testing®. Our results
indicated that participants in the experimental condition reported
significantly more close friends in the winter term, but notin the spring
term (Fig. 5e). On average, after controlling for baseline social con-
nectedness, participantsin the experimental conditionreported 0.44
more close friends compared with participants in the control condition
inthe winter, 4 months after the intervention (8 = 0.45,95% C10.10 to
0.80, t(188) =2.56, P,gjusiea = 0.04). By spring term (6 months after the
intervention), there were no longer significant differences in social
connectedness between the two experimental groups.

Last, we assessed the effect of the interventions on well-being.
We assessed both momentary positive affect measured during the
experience sampling study and long-term psychological well-being
(as measured in Study 1) across the school year. Exploratory analy-
ses showed that participants in the experimental condition reported
slightly more positive affect during the 2-week intervention period
(8=3.19,95%Cl10.18t0 6.06, t(384) = 2.08, P= 0.04; Fig. 5g). This effect
did not persist into week 3 (no treatment week; = 0.52, 95% Cl -3.41
to 4.47,t(303) = 0.26, P=0.79; Fig. 5g). In week 3, positive affect for
participantsinboth conditions steadily increased, likely because it was
thelast week before the Thanksgiving break. Withregard to long-term
well-being, we observed no differences in psychological well-being
between the two conditionsin surveys measured throughout the school
year (Fig. 5f).

Together, these findingsindicate empathy perceptionis malleable,
andincreasing empathy perception canresultin higher social risk tak-
ing as well as long-lasting changes in social connectedness.

Discussion

Young adults face a stark decline in mental health at a time when
they also feel more disconnected from their peers. Drawing from a
longitudinal study of an undergraduate student community (total
N=5,192), we found associations between empathy perception and
both current and future psychological well-being. These associations
held after controlling for awide range of factors that have been associ-
ated with well-being, such as personality traits***, emotion regulation
tendencies*®*, academic performance***, political ideology*>*' and
socialmedia use*”. We also documented an ‘empathy perception gap’:
peopletendto view others asless empathic and caring than others view
themselves. Individuals who hold larger empathy perception gaps are
more likely to avoid taking social risks (for example, reaching out to
strangers or disclosing vulnerability) and become more socially isolated
over time. Finally, we conducted two field experiments in which we
presented students withinformation about their peers’self-reported
empathy, along with behavioural nudges to encourage social risk tak-
ing. We found that these interventions reduced the empathy perception
gap, encouraged social risk taking and increased the size of participants’
social networks months afterwards.

From abasic science perspective, our results reveal a critical fac-
tor in the well-being of young adults. Existing theories highlight the
importance of meaningful, supportive relationships to psychological
and physical well-being" ">, Yet our findings show that social con-
nections alone do not paintafull picture: even when situated in caring
communities, people may fail to perceive the others’ empathy, creating
adisconnect between perception and reality. This ‘empathy perception
gap’ can create a vicious cycle of misperception and social discon-
nection, representing a key pathway in a larger bidirectional system.
Individuals’ subjective perceptions of community norms powerfully
shape their behaviours®®. When people perceive those around them
asunempathic, they areless likely to take social risks such as reaching
outtostrangers. This social risk avoidance leads to missed opportuni-
ties to connect and receive support from others, thus perpetuating
the misguided belief that those around them lack empathy and care.
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The vicious cycle of empathy perception connects to a growing
line of research on ‘undersociality’, which shows that individuals often
shy away from taking social risks because they underestimate how
positively others will respond to their social outreach***°. Prior work in
this area has primarily focused on state-level forecasts about specific
social scenarios, such as conversation with strangers”, expression of
gratitude® or asking for help”. Our findings build on and extend this
work by instead focusing ontrait-level perceptions: individuals’ global
beliefs about the empathy of those around them.

We find that people tend to underestimate the empathy of their
peers and that this generalized perception predicts lower social risk
taking across contexts. Much like pessimistic state-level forecasts
discourage specific social behaviours, a broader belief that others
are unempathic may suppress a wide range of social risk behav-
iours, thereby limiting opportunities for individuals to benefit from
genuine connection.

This observed empathy perception gap may be driven by several
mechanismes. First, individuals who avoid social risks will miss out
on opportunities to receive feedback based on experiences, sustain-
ing and reinforcing their misperceptions of others’ empathy (also
termed ‘asymmetric learning’)*>*’. Second, while the majority of social
exchanges may be empathic and friendly, isolated negative social
events may disproportionately shape one’s perceptions of others
due to negativity bias®**’. This effect may be particularly pronounced
amongindividuals with mental health conditions such as anxiety and
depression, who exhibit aselective bias towards negative social interac-
tions®. Finally, differential construals may cause individuals to attrib-
ute their ownempathetic behavioursto situational factors while seeing
others’ empathetic behaviours as reflecting their personal character,
further amplifying the misperception of empathy®’.

Atanappliedlevel, our results provide important practical impli-
cations for tackling the rising loneliness and social disconnection
among young adults. Through two field experiments, we find that a
community’s empathy can be a powerful, yet underutilized, resource
for psychological well-being. We demonstrated that interventions
highlighting peers’ self-reported empathy, as well as behavioural
nudges to encourage social risk taking, can effectively shift empathy
perceptions, although the intervention effects were not significant
across all timepoints. These interventions also led to increased social
risk taking as well as more social connections that lasted months after
theintervention.

These findings contribute to current research on reducing social
disconnectionbyintroducing a perception-based approach?-**2, Exist-
ing interventions have often targeted social interactions directly, for
example, through social skills training and offering opportunities for
social engagement®. Our approach complements these strategies by
targeting social perception as amechanism for fostering connection.
Itemphasizes the importance not only to create genuinely supportive
social environments®, butalso to help individuals to better recognize
the empathy that surrounds them. Although Study 3a included an
in-person workshop that is difficult to implement at scale, Study 3b
used smartphone-delivered messages and posters, offering ascalable
and low-cost approachtoreducingloneliness and social disconnection
among young adults. These findings suggest that scalable interven-
tions that target empathy perceptions could serve as a valuable tool
to address therising levels of social disconnection.

Interms of mechanism, social norms messaging (for example, “95%
of Stanford students arelikely to help otherswho are feeling down”) may
directly shift how people perceive those around them through social
influence processes®>**. On the other hand, smartphone-delivered
behavioural nudges may encourage students to take social risks, pro-
viding more opportunities to experience warmth and support from
others. Future research that directly tests these pathways can help
better understand how perception shifts translate into lastingimprove-
ments insocial connection and well-being.

One notable strength of study design is its use of a dataset that
includesarelatively large sample size (N = 5,192), alongitudinal design,
experimental methods and diverse data types (such as surveys, expe-
rience sampling, social network metrics and behavioural data). This
multimethod approach helps reduce biases that can arise fromrelying
onasingle type of measurement.

However, the study also has afew limitations. First, all participants
were drawn from first-year students fromasingle private university in
the USA. While this offersimportantinsightinto this transitional devel-
opmental period marked by heightened vulnerability to loneliness and
major shiftsin social networks*, it also limits the generalizability of our
findings to other populations. Future studies that examine effects in
more diverse populations fromdifferent educational and cultural back-
grounds could help understand the generalizability of our findings.

Second, therelatively small sample size in the field experimentin
Study 3blimited our ability toinfer fromeach of the three experimen-
tal conditions separately. In the main manuscript, we collapsed these
three experimental conditions to maximize power, as specified in our
preregistration. Future studies are needed to delineate the separate
and combined experimental effects of each type of intervention.

Third, while our interventions in Study 3a and Study 3b were suc-
cessfulinshiftingempathy perception and improving social connect-
edness, they did not translate to significantimprovementsin long-term
psychological well-being. This raises important questions about the
dosage, timeframe and mechanisms through which empathy percep-
tions influence well-being. In Study 3b, the observed shifts inempathy
perception were relatively small: a 5% increase compared with the
control group. It could be that our experimental manipulation was not
strong enoughtolead toripple effectsin well-being. Itis also possible
that the benefits to mental health may require more time to manifest as
itmay depend ona cumulative build-up of positive social experiences
over time. Future research should explore these possibilities, perhaps
by extending the duration of both intervention and follow-up assess-
mentstoincrease intervention dosage and capture long-term effects,
as well as integrating additional strategies that more directly target
psychological well-being.

Last, the empathy perception gap observed in Study 2 may stem
not only from an underestimation of others’ empathy, but also from
an overestimation of one’s own. Several factors could contribute
to this overestimation of one’s own empathy. One possibility is the
self-enhancement bias®, where individuals tend to perceive them-
selves more positively than others; another is attribution bias®, where
individuals may tend to attribute their own unempathic behaviours
to situational causes (“I could not help my friend because I was too
busy preparing for a final exam”), while attributing others’ unem-
pathic behaviours as reflecting personal qualities (“They did not
help mebecause they did not care”). Future research that uses behav-
ioural measures of empathy rather than self-reports could more
accurately quantify the extent to which individuals underestimate
others’ empathy.

In sum, we identify an ‘empathy perception gap’: people tend
to view others as less empathic and caring compared with others’
self-reports. This empathy perception gap fuels a vicious cycle: under-
estimating others’ empathy leads to social risk avoidance, feelings of
isolation and worse mental health, whichin turn perpetuates the mis-
matched empathy perceptions. By leveraging scalable interventions
suchassocial norms campaigns and smartphone-delivered behavioural
nudges, we can disrupt this cycle, shifting empathy perception and
fostering greater social connection over time. Our work highlights
the untapped potential of shifting empathy perceptions as a tool for
enhancing social connection and well-being in young adults.

Methods
Studies 1-3 are part of a longitudinal project of the undergradu-
ate student community at Stanford University named SCP**"¢¢, All
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study procedures were approved by the Institutional Review Board
at Stanford University (protocol no.24593). All participants provided
informed consent and received monetary compensation for their
participation. All survey datawere collected using Qualtrics, and eco-
logical momentary assessment data were collected using anin-house
developed software named Well Ping®”. Data and code used in the analy-
ses are available in a publicly accessible OSF repository at https://osf.
io/u584x/files. Note that to protect participant privacy, demographic
variables are not shared publicly.

Study 1

Study 1 data were collected across 6 sample waves in two academic
years (AY 2022-2023 and AY 2023-2024). Datafrom AY 2022-2023 were
used for exploratory analyses, which then guided the preregistered
replication conducted with data from AY 2023-2024 (preregistration
at https://osf.io/ez8gw). All analyses in Studies 1-3 were conducted
using R (version 4.3.0).

Participants. At each sample wave, all undergraduate students at
Stanford University wereinvited to complete an online survey that took
approximately 30 min to complete, and were compensated US$30 for
their participation. The final dataset contains 14,849 observations from
N=5,084 unique participants (mean age of 21.21 + 1.86 years); 55.84%
ofthe participantsidentified aswomen, 38.43% identified asmenand
5.73%identified as other or preferred not to report.

Although we reached a large number of students, participation in
our studies was voluntary. Asaresult, our samplesin this and the follow-
ingstudies arenotrepresentative ofthe broader Stanford undergraduate
community. As participation was voluntary and framed as a study about
the Stanford community, our samples may overrepresent students who
areinterested incommunity dynamics. This, along with possible social
desirability inself-reports, suggests our findings may overestimate levels
of connectionrelative to the broader student population.

Measures. Participants across all samples completed an online survey
thatassessed awide range of individual difference measures including
well-being, social connectedness, personality traits and demographic
variables. Inaddition, participants gave consent for the research team
to access their grade point average (GPA) data from the university.
Below we detail the key variables included in the main analysis. Missing
survey responses were imputed using mean or mode values.

Psychological well-being. One of the key dependent variables in Study
1is psychological well-being. Similar to a prior study from the SCP?,
this composite measure is defined from trait survey items that load
most strongly (positively and negatively) onto a latent well-being
factor derived from afactor analysis using datafrom2022-2023. This
psychological well-being measure loads positively from items from
Satisfaction with Life Scale®® and Subjective Happiness Scale® and
negatively from items from the Center for Epidemiological Studies
Depression Scale’” and General Anxiety Disorder Scale’.

Social connectedness. To identify students’ connections on campus,
participants nominated up to six undergraduate students in response
tothefollowing prompts: “Who are your closest friends?”. They entered
their peer’snameintoatext field, which was autocompleted with names
from the entire undergraduate student roster. Social connectedness
is defined as the unique number of names that were entered in this
question. Note that this measure deviated from the preregistration
where we proposed to examine the number of nominations inthe sup-
portnetwork, instead of the close friend network. The results for both
outcome variables were statistically significant. We reported findings
on close friend networks to be consistent with Study 3. For results
pertaining to the number of nominations in the support network, see
Supplementary Fig. 1.

Empathy perception. Empathy perception was evaluated through the
following four questions on a seven-point scale (Cronbach’s alpha of
0.87): “Ifsomeoneelseis feeling bad, how likely is the average Stanford
Student to try and help them feel better by listening to them and act-
ing kindly?”, “How likely is the average Stanford student to listen to
someone’s problemsto try toimprove how they felt?”, “How likely is the
average Stanford student to do something nice with someonetotry to
make them feel better?” and “How empathic is the average student at
Stanford?”. This operationalization of empathy perception included
items on general empathy perception as well as on perceptions of
empathic behaviours, and was guided by the following considerations:
while empathy is a multidimensional construct comprising affective,
cognitive and motivational components’?, when laypeople were asked
to define ‘empathy’, they emphasized empathic behaviour and com-
passionate actions’. In addition, others’ internal states of empathy,
including cognitive and emotional empathy, are difficult to access. We
thus prioritized observable, prosocial behaviours asamorereliable and
functionally relevant indicator of perceived empathy.

Cross-sectional models. Cross-sectional associations between empa-
thy perception and well-being, as well asempathy perception and social
connectedness were evaluated using ordinary least square (OLS) regres-
sions fitted through the Im function of the stats package (version4.3.0) in
R (version4.3.0) at each sample wave. Each of the OLS modelsincluded
empathy perception as a predictor while controlling for preregistered
covariates of gender, race and number of years the participant hasbeen at
Stanford. Since there were six sample waves and two outcome variables,
thisamounted toatotal of 12 OLS models. All statistical tests, including
thosereported in Study 2 and Study 3, were two sided.

Second, although not preregistered, we constructed two separate
multilevel models to separately examine the overall effect of empathy
perceptionacross sample waves. We included sample wave asa control
variable and treated participants as random effects in the models to
accountfor the clustered nature of the data. The multilevel models were
fitted through the Imer function from the Ime4 package (version1.1-33).

Finally, following our preregistration, we examined the role of
empathy perceptionineach of the outcome variables (well-being and
social connectedness) relative to a large set of variables related to
personality traits, empathy, emotion regulation, other social network
characteristics and academic performance. The results of these analy-
sesarereported in Extended Data Fig. 1.

Longitudinal models. Longitudinal associations were evaluated using
OLS models at each sample wave. Each of the OLS model included
empathy perception of the previous termas a predictor while control-
ling for preregistered covariates of well-being/social connectedness
inthe previous term, gender, race and number of years the participant
hasbeenat Stanford.

Similar to the cross-sectional analyses, we constructed
exploratory cross-lagged panel models to examine the overall
longitudinal effect of empathy perception across sample waves
(Supplementary Information).

Study 2

Study 2 draws on survey data from the SCP from winter term of 2022 to
spring term of 2024 as this period included the key variables needed
for Study 2 analyses.

Participants. Participants in Study 2 are a subset of Study 1 except it
excludes a sample in the autumn term of 2022 because key variables
were not yet included in that sample wave. The final dataset contains
12,083 observations from N = 4,678 unique participants. All partici-
pants were undergraduate students (mean age of 20.85 +1.80 years);
56.86% of the participants identified as women, 37.45% identified as
men and 5.69% identified as other or preferred not to report.
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Measures. Empathy perception. Same as Study 1.

Empathy self-ratings. Participants’ self-reported levels of empathy
were evaluated through the following four questions on a seven-point
scale (Cronbach’s alpha of 0.86): “If someone else is feeling bad, how
likely are you to try and help them feel better by listening to them and
acting kindly?”, “How likely are you to listen to someone’s problems to
try toimprove how they felt?”, “How likely are you to do something nice
with someone to try to make them feel better?” and “How empathic
areyou?”.

Social risk taking. Social risk taking was evaluated by asking partici-
pantsto report on how often they engaged in the following six behav-
ioursonaseven-pointscale (Cronbach’s alpha of 0.81)*%: disagree with
apopularfriendinfront of agroup of people; spend time with someone
your friends do not like; open up to other students about aproblemlam
having; whensomething bad happens, lam able to share this bad news
with friends; go to a party where I do not know anybody; and initiate a
conversation with another student that I do not already know.

Loneliness. Loneliness was measured using eight items from the UCLA
loneliness scale™.

Analyses. Comparisons between participants’ empathy percep-
tion and self-ratings of empathy perception were evaluated using
two-tailed, unpaired t-tests. The models used to examine both the
cross-sectional and longitudinal relationships between the empathy
perception gap and social risk-taking as well as loneliness were speci-
fied in the same way asin Study 1.

Study 3

Study 3includes two field experiments with first-year Stanford students
and tested whether enhancing empathy perceptions could promote
social connectedness and psychological well-being. Below we outline
the experimental techniques that are shared between Study 3a and
Study 3b, as well as methodologies that are specific to each study.

Experimental conditions. For both Study 3a and Study 3b, as we were
interested in two intervention strategies—norms-based messaging and
behavioural nudges—we used a two (norms versus no norms) by two
(nudge versus no nudge) between-subject experimental design. Partici-
pants wererandomizedinto one of the four conditions atthe dorm-level at
the beginning of the academicyear (see below for the randomization pro-
cess): (1) the control condition: participants received nonormmessaging
and nobehavioural nudges; (2) the socialnorms condition: participantsin
the social norms condition where exposedto posters featuring normative
messages in their dorms (Fig. 4a); (3) the behavioural nudge condition:
participants in the behavioural nudge condition received behavioural
nudges on their phone (Fig. 5a); and (4) the combined condition, where
participants received both normative messages and behavioural nudges.

For Study 3a, we failed to recruit a meaningful number of partici-
pantsfor the behavioural nudge component (we were expecting ~200
participants per condition, but ended up recruiting ~-50 participants
per condition). As such, for Study 3a, we only examined outcome
measures that were assessed before the behavioural nudge interven-
tionaccordingto our preregistration. The social norms condition and
the combined conditionare collapsed into the experimental condition.
Similarly, the behavioural nudge and control conditions were collapsed
into the control condition in Study 3a.

In both Study 3a and Study 3b, data were collected online using
Qualtricsand our in-house-developed software, Well Ping. Participants
completed surveys online, without direct interaction with study per-
sonnel. Although researchers were not bind to the experimental condi-
tions and study hypotheses, this lack of participant contact minimized
the possibility that we influenced participants’ responses or behaviour.

Condition assignment. For the norms component of the experiment,
theresearch team put up posters featuring experimental messagesin
student dorms. As such, randomization for both Study 3aand Study 3b
occurred atthe dormlevel. Given that the number of dorms containing
froshstudents are relatively small (n = 22 dorms for Study 3aand n=23
dorms for Study 3b), and that dorms varied onimportant factors such
as dorm size and student population (whether it is a dorm with only
first-year students or students across 4 years of their undergraduate
education), we performed a pseudo-random assignment to ensure
that the dorms that were assigned in each of the four conditions were
balanced on these two factors.

Pseudo-randomization was performed in R using the randomizr
package 0.22.0. Wefirst created six blocks within whichwe randomly
assigned participants. Todo so, we listed every possible combination
of (1) the dorm size tercile variable (we transformed the raw count
of students in a dorm into a tercile variable that can take on the
values1,2or3) and (2) the dorm population type (frosh only versus
four class). We then created a matrix specifying how many dorms
should be assigned to each condition within each block. Finally,
we used the block_ra function from the R package randomizr (ver-
sion 1.0.0) to carry out the assignment, specifying the block each
dorm belongs to, the matrix that specifies how many units should
be assigned to which condition within a block and that our experi-
ment has four treatment arms: control, combined (social norms +
behavioural nudge), social norms and behavioural nudge. As some
ofthe student dorms were ethnic themed, we also verified thatin the
resulting assignment, the distribution of ethnic-themed dorms was
balanced. We verified that there were no significant demographic
differences between participants across conditions (for details, see
Supplementary Information).

Study 3a

In Study 3a, we launched a social norms intervention that involved
(1) a poster campaign and (2) in-person educational workshops. The
treatment group was exposed to both campaign components and the
controlgroup did not directly receive either. Randomization was done
atthedormlevel.

Participants. Following the poster campaign and the in-person edu-
cational workshops, all first-year students were invited to respond toa
follow-up survey aimed at assessing experimental effects of the inter-
vention at the end of the autumn term (T1). A total of 346 participants
completed thesurvey at T1(mean age of 18.33 + 0.63 years); 62.14% of
the participants identified as women, 34.68% identified as men and
3.18% identified as other or preferred not to report. In the beginning
of winter term (T2), all first-year students except participants resid-
ing in dorms of the social norms condition were invited to complete
an online survey. A total of 240 participants completed the survey at
T2 (mean age of 18.31 + 0.56 years); 62.08% of the participants identi-
fied as women, 32.92% identified as men and 5% identified as other or
preferred nottoreport.

Data collection and analyses. We gathered dataat two points follow-
ing theintervention to evaluate itsimpact on participants’ perceptions
of empathy and their social behaviours during the autumn and winter
terms of the 2022-2023 academic year. The first data collection hap-
penedbetween 7 and12 December. All first-year students were invited
to complete an online survey in which we assessed our key outcome
variables: empathy perception, social perception, social risk taking
and time spent socializing.

Data collection at T2 occurred between 17 and 20 February 2023
and included the same items that were included in the survey at T1.
As this survey was intended to serve as a baseline for the behavioural
nudges condition (not included in the current study), only students
whoresidedinthe dormsincombined, behavioural nudge and control
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conditions were invited. Participants whoresided in dormsinthe social
norms condition were not invited to this survey.

Aspreregistered, experimental effects of the norms intervention
(bothdorm posters and in-person workshop) were assessed using OLS
regressions where the experimental condition was specified as a predic-
tor, while controlling for age, gender and race. Note that since randomi-
zation happened at the dorm level, we originally proposed to test the
effect of the experimental manipulation using mixed-effect multilevel
modelsthatincluded arandomintercept for dorms. Theintraclass cor-
relations for all four dependent variables were relatively small (intra-
classcorrelation of 0.00-0.024), indicating low levels of clustering on
our dependent variables. As such, we opted to test these hypotheses
using OLS regressions with the same set of control variables.

Poster campaign. To create our poster campaign, we started by col-
lecting statistics from the student body during the spring of 2022 using
five items (for example, “If someone else is feeling bad, how likely are
you to try and help them feel better by listening to them and acting
kindly?”). Totranslate these dataintoalegible percentage, we marked
anyone as ‘likely’ to engage inan action if they reported a value above
the midpoint of the scale. Each statistic was unique and required a
different poster design.

We then created these five poster designs in collaboration with
a graphic designer. We solicited feedback from Stanford University
personnel and students throughout the design process to ensure our
messages were legible, the design was aesthetically pleasing and, most
importantly, that our posters resonated with students.

We also created a custom website that a QR code on each poster
would direct students toifthey wanted to learnmore about their peers.
Thewebpageincluded abrief description of the aim of the posters and
showcased all five designs and statistics.

We hung five toten postersin each dorm, depending onthe dorm
size. Posters were hung on community cork boards, in staircases and
in restrooms. Posters were hung in late November 2022. We checked
onposters periodically to ensure they were still hanging in dorms. We
left the posters up through the end of the academic year.

In-person educational workshops. In addition to our social norm
posters, we also recognize the importance of in-person workshops
to help students learn and internalize information about their peers.
As such, we designed a 1-h workshop that involved a combination of
lecturing, activities and reflections.

We integrated our workshop into an existing course (‘Frosh 101’)
atthetarget university. Students can opt to take this classin their first
term of college to help them acclimate to their new environment. We
saw our intervention component as aligned with the goals of the course.

Ourworkshop curriculum followed this format: (1) guiding ques-
tions, (2) overview, (3) objectives, (4) activity 1: expectations versus
reality activity, (5) correcting social inaccuracieslesson, (6) activity 2:
action planning and (7) wrap up. Our curriculum structure was mod-
elled after examples provided by the university.

We administered the workshop through course facilitators, who
were all second-year students at the same university who had taken
this course the year prior. We met with all facilitators in person across
multiple 1-h sessions to review our materials. We provided each facili-
tator with a script to follow and a slide deck to present. We assessed
facilitator compliance and attitudesin a post-session survey that they
completed in the week following the delivery of the materials to their
students (Supplementary Information).

Workshops occurred during the last week of Novem-
ber 2022. For full facilitator script and workshop outline, see
Supplementary Information.

Measures. Empathy perception. Empathy perception was measured
in the same way as in Study 1. Note that the originally preregistered

outcome was normative perceptions, which combined questions on
empathy perception andsociality perception. We focused on empathy
perception as the outcome variable in the main manuscript tobe con-
sistent with all other studies. For the combined perception measure
thatyielded consistent results, see Supplementary Materials.

Social risk taking. Social risk taking was measured in the same way as
inStudy 2.

Time spent socializing. We assessed overall time spent on socializing
through the following question: “In the past two weeks, how much time
per day did you spend onsocializing (both offline and online) on aver-
age?””. Participants answered on afour-pointscale: 1: under 30 min; 2:
30 mintolh;3:1-3 h;4:over3 h.

Study 3b

Study 3b was conducted in the 2023-2024 academic year. We used a
two (norms campaign versus no norms campaign) by two (behavioural
nudge versus no behavioural nudge) between-subject experimental
design. The randomization and dorm poster procedures were identi-
calto Study 3a.

Participants. Inthe autumn of 2023, all first-year students were invited
totake partina3-week ecologicalmomentary assessment (EMA) study.
A total of 419 participants completed the survey at T1 (mean age of
18.57 + 0.74 years); 57.53% of the participantsidentified aswomen, 37.44%
identified asmenand 5.03%identified as other or preferred not toreport.

Study procedures. Condition assignment. For condition assignment,
the same as Study 3a, before datacollection, all first-year students were
randomized into one of four conditions. Randomization happened
at the dorm level and we used pseudo-randomization procedures to
ensure that the four resulting conditions were balanced on dorm size
and study type (all-frosh dorm versus four class dorm).

Baseline survey.Inthe fourth week ofthe 2023 autumn academicterm,
before the start of any interventions, all first-year undergraduate stu-
dents (aswell asundergraduate students from other years that are not
includedinStudy 3b) were invited to complete a30-min online survey
that assessed their baseline ratings on key outcome measures including
empathy perceptions and social behaviours (Table 1).

Poster campaign. After concluding the baseline survey, on 29-30
November 2023, the research team put up postersin dorms that were
part of the social norms and combined conditions. The posters proce-
dures were identical to Study 3a.

EMA and EMI. The week after concluding the baseline survey, all
first-year students (as well as undergraduate students from other
years that are not included in Study 3b) were invited to take partin
a 3-week EMA study in which they received four momentary surveys
per day for acompensation of up to US$84 (25% of the compensation
for the EMA study were prorated based on completion to incentivize
high completion rates). A ‘ping’ refers to one EMA that occurs when
students are pinged atarandom time within fixed timeintervals. Each
ofthese surveys took approximately 2 minto complete on average and
contained items on momentary affect, social risk behaviours, loca-
tions, activities and other contextual factors. The EMA surveys were
divided into different streams that focused on topics such as social
interactions, well-being goals or ageneral well-being assessment. The
different streams had varying lengths, but overlapping items, and the
EMA items used in the final dataset were available for most streams and
surveys. See ‘Measures’ section for EMA measures thatareincludedin
the currentstudy. The EMA was delivered using anin-house developed
application, Well Ping”.
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Importantly, the first 2 weeks of EMA also served as anintervention
period for participants inthe experimental (social norms, behavioural
nudge and combined) conditions. This design allowed us to deliver
in-the-moment messages through ecological momentary interven-
tions (EMI) while simultaneously assessing momentary outcomes of
these EMIs. During the intervention weeks, the second ping of the day
included an additional message in addition to the regular questions.
See below for details on the EMI messages.

Follow-up surveys. To assess intervention outcomes, all students who
have participated in EMI (as well as other undergraduate students who
are not included in Study 3b) were invited to complete three online
surveys throughout the academicyear: at the end of the autumn term
(approximately 3 weeks after EMI), in the winter term (approximately
2 months after EMI) and in the spring term (approximately 6 months
after EMI). See Table 1 for items included in these surveys. Given the
temporal proximity between the 3-week experience sampling study
and the survey in the autumn term, the autumn survey was shorter
to reduce participant burden and did not include measures on social
connectedness and well-being.

EMI. At the beginning of the school year, all first-year students were
randomized into four conditions based on the dorm they live in: con-
trol, norms, behavioural nudge or combined. For participants who
took part in the EMA study, their experiences differed depending on
the experimental condition.

Social norms condition. Participants in the social norms condition
received norms-based messages three times per week for the first
2 weeks in addition to regular EMA. These messages were presented
assurvey questions where we asked participants to provide estimates
of the normative statistics of their peers’ empathy. Unlike other sur-
vey items, we provided feedback based on participants’ responses.
Examples of this feedback are (when participants answered correctly)
“Yougotitright!Infact,in our past research with Stanford undergradu-
ates, we find that 95% of students report being open to meeting other
students. We also find that the majority of students actually underes-
timate the kindness of their peers!” or (when participants answered
incorrectly) “Not quite right. But good news, students are more social
than you thought! In fact, in our past research with Stanford under-
graduates, we find that 95% of students report being open to meeting
other students. We also find that the majority of students actually
underestimate the kindness of their peers!”.

Behavioural nudge condition. For the first 2 weeks of EMA, participants
inthe behavioural nudge conditionreceived six experimental messages
per week, three messages encouraging them to engage in a socially
risky activity, and three messages that served as reminders. Examples
of these activities are “Initiate a conversation with a classmate you
don’tknow”, “Ask afriend to introduce you to one of their friends that
you don’t know personally yet” and “Catch up with a friend that you
haven't talked to in a while”.

Combined condition. Participants in the combined condition received
both messages in the social norms condition and messages in the
behavioural nudge condition.

Analyses. EMA. Consistent with the preregistration, the experimental
effect of theintervention during EMA was assessed through multilevel
modelsinwhichgender and race were included as control variables and
participant was treated as arandom effect to account for the clustered
nature of the data. The multilevel models were constructed using Imer
function from the Ime4 package (version1.1-33).

Note that in our preregistration, we planned to include age as a
control variable. However, since age was not assessed during the EMA,

we were unable to do so. We believe this omission is unlikely to affect
our results as all participants were first-year college students with
little age variance.

Self-report surveys. As preregistered, the effects of intervention on
empathy perceptionand well-being were evaluated using OLS models
while controlling for age, gender and race.

Socialnetwork analyses. Although not preregistered as primary hypoth-
eses, we conducted exploratory analyses to examine the effect of inter-
ventionon social network outcomes (that is, social connectedness and
support network in degree). These effects were evaluated using OLS
models after controlling for age, gender and race.

Behavioural outcomes. In our exploratory analyses, we used alogistic
regression model to examine the effect of the intervention on signing
up for asocial activity, controlling for age, gender and race.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Data used in the analyses are available in a publicly accessible OSF
repository at https://osf.io/u584x/files. Note that to protect participant
privacy, demographic variables are not shared publicly.

Code availability
Allcode was writtenusing available R packages and has been provided
at https://osf.io/u584x/files.
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Extended Data Fig. 1| Empathy perception is associated with psychological
well-being and social connectedness. a,b. Standardized regression coefficients
from mixed-effect multilevel models examining the association between
empathy perception and (a) psychological wellbeing as well as (b) social
connectedness (Nparicipanes = 4970; Nopservations = 14437). Both models include
covariates for individual traits, social behaviors, social network characteristics,
and academic performance. The standardized regression coefficient for
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empathy perception was statistically significant in panela (8= 0.02,95% CI:
[0.00,0.03], P=0.01),and b (8= 0.08,95% CI:[0.03, 0.12], P=0.0004). P-values
are two-sided, and no adjustments were made for multiple comparisons. Error
bars represent 95% confidence intervals. Blue bars indicate significant positive
coefficients, orange bars indicate significant negative coefficients, and grey bars
indicate non- significant coefficients.
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Extended DataFig. 2| Standardized regression coefficients for baseline
empathy perception predicting. (a) psychological wellbeing as well as.
(b) social connectednessin the next quarter after controlling for baseline
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wellbeing and social connectedness, respectively (Npuricipans = 4970;
Nopservations = 14437). Blue = significant positive coefficient (p < 0.05); orange =
significant negative coefficient (p < 0.05); gray = not significant coefficient.
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Extended Data Table 1| Cross-sectional correlation between empathy perception, well-being, and social connectedness
across all samplesin Study 1

Sample point

Empathy perception and well-being

Empathy perception and social connectedness

Well-being and social connectedness

T df p 95% CI r df p 95% CI r df p 95% CI
Fall 2022 0.22 2764 <0.001 [0.18,0.26] 0.10 2764 <0.001 [0.06, 0.13] 0.04 2764 0.03 [0.001, 0.08]
Winter 2023 0.18 2334 <0.001 [0.14,0.21] 0.10 2334 <0.001 [0.06, 0.14] 0.07 2334 0.0008 [0.03,0.11]
Spring 2023 0.19 2626 <0.001 [0.15,0.23] 0.09 2626 <0.001 [0.05, 0.13] 0.06 2626 0.003 [0.02,0.1]
Fall 2023 0.19 2449 <0.001 [0.16,0.23] 0.13 2449 <0.001 [0.09, 0.17] 0.08 2449 0.0001 [0.04,0.11]
Winter 2024 0.20 2382 <0.001 [0.17,0.24] 0.08 2382 <0.001 [0.04,0.12] 0.06 2382 0.002 [0.02, 0.10]
Spring 2024 0.23 2282 <0.001 [0.19,0.27] 0.13 2282 <0.001 [0.08, 0.17] 0.07 2282 0.0006 [0.03,0.11]
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Extended Data Table 2 | Longitudinal associations between empathy perception and well-being as well as
empathy perception

Time point Empathy perception and well-being Empathy perception and social connectedness
Standardized df P 95% CI Standardized df P 95% CI
B B
Fall 2022 — Winter 2023 0.07 1780 0.0005 [0.03,0.10] 0.05 1780 0.23 [-0.03, 0.14]
Winter 2023 — Spring 2023 0.06 1725 0.0008 [0.02, 0.09] 0.07 1725 0.12 [-0.02, 0.16]
Spring 2023 — Fall 2023 0.08 1419 0.0003 [0.04,0.12] 0.10 1419 0.05 [0.00, 0.21]
Fall 2023 — Winter 2024 0.02 1653 0.257 [-0.02, 0.06] 0.08 1653 0.13 [-0.02, 0.17]
Winter 2024 — Spring 2024 0.05 1647 0.0003 [0.02, 0.09] 0.17 1647 0.0002 [0.08, 0.26]
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.
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|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection | Well Ping Application (Custom Code):

Purpose: This is a custom-built mobile app designed for ecological momentary assessment (EMA) and intervention (EMI). It was used to send
"pings" (notifications) to participants, prompting them to complete momentary surveys about their social behaviors and affect. It also
delivered intervention messages in the experimental conditions.

Version: Version 1.1.3

Repository: The app was developed in-house and is available on GitHub at Well Ping GitHub Repository (https://github.com/wellping/
wellping).

Survey Software:

The longitudinal surveys were administered using Qualtrics(e.g., Qualtrics or REDCap).
Version: Versions September 2022 - May 2024.

>
Q
Q
c
@
O
]
=
o
=
—
®
©O
]
=
S
(e}
wv
c
3
3
Q
<




Data analysis We used a combination of open-source software and custom code to analyze the data. The primary tool we used was R, an open-source
programming language, which helped us conduct various statistical analyses, including ordinary least squares (OLS) regressions, multilevel
models, and cross-lagged panel models. We used R version 4.3.0 for our analysis.

Additionally, we wrote custom R scripts to clean the data, run the analyses, and generate the visualizations. We’ve made all of our custom
code available to the public on the OSF repository at https://osf.io/u584x/files.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Data used in the analyses are available in a publicly accessible OSF repository at https://osf.io/u584x/files. Note that in order to protect participant privacy,
demographic variables are not shared publicly.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender We determined the gender of participants based on self-reporting methods. Participants could answer to which gender they
identified the most, being given three different options (i.e., man, woman, and other with an open answer in which they
could write their gender).

Based on the literature we have reviewed, there may be gender differences in empathy perception and wellbeing, we thus
included gender as a control variable in our analyses.

Reporting on race, ethnicity, or  Participants' race/ethnicity was self-reported by selected one or multiple from the following categories: Native American,
other socially relevant Pacific Islander, East Asian, South Asian, Southeast Asian, Black or African American, White or Caucasian, Hispanic or Latino/a,
groupings Middle Eastern, Other (with an open answer in which they could specify), Prefer not to answer.
Based on the literature we have reviewed, there may be racial differences in mental health and wellbeing, we thus included
race as a control variable in our analyses.

Population characteristics See details in "Behavioural & social sciences study design" section.

Recruitment For Study 1 and Study 2, all undergraduate students at Stanford University were invited to participate in our study. For Study
3a and Study 3b, all first-year undergraduate students at Stanford University were invited to participate in our Study. For all
studies, participants had to be over 18 years to be eligible. Since all participants were drawn from a single private university
in the United States, this limits the generalizability of our findings to other populations.

Ethics oversight The study protocol was approved by Stanford University’s Institutional Review Board (protocol #24593), and all participants
provided informed consent.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description Study 1: quantitative cross-sectional, quantitative longitudinal; Study 2: quantitative cross-sectional; Study 3: quantitative
experimental.

Research sample The research sample consists of undergraduate students at Stanford University. In Study 1, we recruited N = 5,084 participants
(38.43% man, 55.84% woman, 5.73% other or preferred not to answer. Mean age = 21.21 years old, SD = 1.86). Study 2 participants
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were a subset of Study 1, N = 4,678participants (37.45% man, 56.86% woman, 5.69% other or preferred not to answer. Mean age =
20.85 years old, SD = 1.80). In Study 3a, at T1, we recruited N = 346 participants (34.68% man, 62.14% woman, 3.18% other or
preferred not to answer. Mean age = 18.33 years old, SD = 0.63). In Study 3a, at T2, we recruited N = 240 participants (32.92% man,
62.08% woman, 5% other or preferred not to answer. Mean age = 18.31 years old, SD = 0.56). In Study 3b, we recruited N = 419
participants (37.44% man, 57.53% woman, 5.03% other. Mean age = 18.57 years old, SD = 0.74). Our sample may not be a
representative sample.

Sampling strategy We used a convenience sample in this work.
Study 1 & Study 2
The maximum number of eligible participants is approximately 7000, which is the expected undergraduate student population. All
undergraduates students will be invited to complete surveys as we aim to have as much data as possible at each data collection
point. Examining past data, approximately 44% of the students complete our survey at each sample point. Therefore, based on the
past survey participation rates, we expect to have approximately 2800 students at each sample point, and 1680 students to
participate in both surveys.
Power analysis:
1. To detect the linear cross-sectional effect of empathy perception on wellbeing, we based our power analysis on effect sizes
detected in data from 2022-2023 (Cohen’s f2 = 0.03) and a desired power of 0.80, we estimate the appropriate sample size to be
669.
2. To detect the linear cross-sectional effect of empathy perception on support network size, we based our power analysis on effect
sizes detected in data from 2022-2023 (Cohen’s f2 = 0.01) and a desired power of 0.80, we estimate the appropriate sample size to
be 1878.
3. To detect the linear longitudinal effect of empathy perception on wellbeing, we based our power analysis on effect sizes detected
in data from 2022-2023 (Cohen’s f2 = 0.01) and a desired power of 0.80, we estimate the appropriate sample size to be 1878.
4. To detect the linear longitudinal effect of empathy perception on support network size, we based our power analysis on effect
sizes detected in data from 2022-2023 (Cohen’s f2 = 0.009) and a desired power of 0.80, we estimate the appropriate sample size to
be 2034.
Given these considerations, we expect to be sufficiently powered for most of our hypothesized analyses.
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Study 3a & 3b

A power analysis indicates that we need 175 participants per condition in order to have sufficient power (80%) to detect a moderate
effect size of d = 0.30 at a = 0.05. We therefore aimed to recruit N = 200 for each condition.

Data collection Study 1,2 & 3a
We collected data using a 30-min online survey which participant completed on their own device.

Study 3b
Study 3b data were collected through (1) online surveys, which participant completed on their own device; (2) Well Ping mobile
phone app.

Timing Study 1: October 2022 - May 2024
Study 2: March 2023 - May 2024
Study 3a: Nov 2022 - March 2023
Study 3b: Oct 2023 - May 2024

Data exclusions No data were excluded in Study 1, Study 2, and Study 3a. For Study 3b, consistent with our preregistered exclusion criteria, 36
participants were excluded because they were not exposed to any experimental messages.

Non-participation No participants dropped out or declined participation.

Randomization Pseudo-randomization was performed in R version 4.1.1 using the randomizr package 0.22.0. We first created 6 blocks within which
we randomly assigned dorms. To do so, we listed every possible combination of (a) the dorm size tercile variable (we transformed
the raw count of students in a dorm into a tercile variable that can take on the values 1, 2, or 3) and (b) the dorm population type
(frosh only vs. 4-class). We then created a matrix specifying how many dorms should be assigned to each condition within each block.
Finally, we used the block_ra function form the R package randomizr to carry out the assignment, specifying the block each dorm
belongs to, the matrix that specifies how many units should be assigned to which condition within a block, and that our experiment
has 4 treatment arms: Control, Combined (Social Norms + Behavioral Nudge), Social Norms, Behavioral Nudge. As some of the
student dorms were ethnic themed, we also verified that in the resulting assighment, the distribution of ethnic-themed dorms was
balanced. We verified that there were no significant demographic differences between participants across conditions (see
Supplemental Information for details).

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.




Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
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Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied-
Authentication Describe-any-atithentication-proceduresfor-each-seed-stock-tsed-ornovel-genotype-generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.






