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Abstract

Social interactions are a ubiquitous part of engaging in the world around us, and determining what makes an interaction successful 
is necessary for social well-being. This study examined the separate contributions of individual social cognitive ability and partner 
similarity to social interaction success among strangers, measured by a cooperative communication task and self-reported interaction 
quality. Sixty participants engaged in a 1-h virtual social interaction with an unfamiliar partner (a laboratory confederate) including a 
30-min cooperative ‘mind-reading’ game and then completed several individual tasks and surveys. They then underwent a separate 
functional MRI session in which they passively viewed video clips that varied in content. The neural responses to these videos were 
correlated with those of their confederate interaction partners to yield a measure of pairwise neural similarity. We found that trait 
empathy (assessed by the interpersonal reactivity index) and neural similarity to partner both predicted communication success in the 
mind-reading game. In contrast, perceived similarity to partner and (to a much lesser extent) trait mind-reading motivation predicted 
self-reported interaction quality. These results highlight the importance of sharing perspectives in successful communication as well 
as differences between neurobiological similarity and perceived similarity in supporting different types of interaction success.
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Interactions with others are an integral part of everyday life, 
occurring frequently and serving as the building blocks for 
relationship development among social groups (Baumeister and 
Leary, 1995; Seyfarth and Cheney, 2012). These interactions are 
critically important as forming and maintaining high-quality 
social relationships provide many long-term benefits, including 
greater happiness and support, as well as reduced risk for demen-
tia and mortality (Holt-Lunstad et al., 2010; Thoits, 2011; Kuiper 
et al., 2015; Holt-Lunstad, 2018). Even among weaker social ties, 
regular interactions are beneficial and track positively with feel-
ings of happiness and belonging (Granovetter, 1973; Epley and 
Schroeder, 2014; Sandstrom and Dunn, 2014). Thus, a thorough 
understanding of the factors that contribute to successful inter-
actions among novel partners is needed. Both individual-level 
(e.g. social cognition) and dyad-level (e.g. partner similarity) fac-
tors may impact how well we communicate with others in a 
novel setting, as well as how successful we perceive such social 
interactions to be.

Social interactions are assumed to be strongly influenced by 
individual traits, such as social motivation, perspective-taking or 
empathy (Geen, 1991; Depue and Morrone-Strupinsky, 2005; Frith 
and Frith, 2006; Blanke and Riediger, 2019). Empirical findings 

reveal modest links between social cognitive traits and outcomes 
such as relationship quality and maintenance (Gleason et al., 
2009; Lecce et al., 2017; Nilsen and Bacso, 2017; Sened et al., 2017). 
However, there is a disconnect between examining social cogni-
tive ability through trait assessments or laboratory tasks and how 
social interactions unfold naturally (Zaki et al., 2008; Alkire et al., 
2023). Dynamic interactions provide rich verbal and non-verbal 
information directly to the interaction partner and in turn require 
reciprocal information from them. It is therefore necessary to con-
sider not only the social ability of the individual but also dyadic 
factors resulting from pairing two individuals together (Redcay 
and Schilbach, 2019; Wheatley et al., 2019; Kingsbury and Hong, 
2020).

Research has demonstrated the importance of dyadic fac-
tors, such as existing inter-individual similarity (i.e. homophily) 
and socially constructed similarity (i.e. conformity), in predicting 
social interaction success. Partners synchronize body movements 
while interacting (Bernieri and Rosenthal, 1991; Palumbo et al., 
2017), and greater synchrony is associated with increased coop-
eration during social interactions (Cui et al., 2012; Pan et al., 2017; 
Reindl et al., 2018; Nguyen et al., 2020). This behavioral and phys-
iological coordination is also linked to neural synchrony, which 
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suggests greater understanding among communicating partners 
(Dumas et al., 2010; Holper et al., 2012; Jiang et al., 2012; Yun 
et al., 2012; Schoot et al., 2016; Djalovski et al., 2021). Recent 
studies have revealed distal links between neural similarity and 
social relationships as well; in particular, close relational ties 
show greater neural synchrony while interacting when compared 
to strangers (Kinreich et al., 2017; Pan et al., 2017; Reindl et al., 
2018; Djalovski et al., 2021), and friends show more similar neu-
ral responses than indirect social network ties even when not 
interacting (Parkinson et al., 2018). This propensity toward simi-
larity reflects a fundamental way in which humans organize into 
social groups, as people are more likely to begin a relationship 
with an assumed similar stranger (Burger et al., 2004; Guéguen 
et al., 2011; Martin et al., 2013). However, the involvement of indi-
vidual traits in this process has not been well characterized. This 
study examined the effects of both individual and dyadic mea-
sures on two outcomes of interaction success: performance on 
a cooperative communication game and self-reported interaction
quality.

Communication during a social interaction is suggested to 

follow a hierarchical pathway beginning with speech process-

ing and the development of shared representations, leading to 

mutual understanding and finally resulting in relationship estab-

lishment and maintenance (Toni and Stolk, 2019; Wheatley et al., 
2019; Jiang et al., 2021). This communication to achieve mutual 
understanding can be verbal or non-verbal; for example, gaze 
coordination is linked to mutual understanding and common 
ground knowledge (Shockley et al., 2009); strangers can create 
shared representations of ambiguous signals through communi-
cation (Stolk et al., 2014), and shared references lead to easier 
understanding between social partners (Nadig et al., 2015). Theory 
suggests that this communicative process leads dyads to cre-
ate a generalized shared reality that is not tied to specific topics 
of reference (Rossignac-Milon et al., 2021). Importantly, however, 
these processes are not universal, as there are individual dif-
ferences in the ability to converge on shared representational 
spaces (Wadge et al., 2019; Wheatley et al., 2019) and contextual 
factors that affect when and how these shared representations, 
or common ground, are used in the service of communication 
(Brown-Schmidt and Heller, 2018). For example, whether part-
ners begin from closer or more distant mental representational 
spaces may impact creation of common ground and ultimately 
how successful the interaction is. Individuals with high social cog-
nitive abilities may have an advantage in moving into this shared 
space, and interacting pairs who see and interpret the world more 
similarly may need to ‘travel’ less distance to reach mutual under-
standing. Additionally, those who are more similar may be able 
to rely on more ‘egocentric’ strategies without the need to enlist 
mentalizing abilities to achieve mutual understanding (Savitsky 
et al., 2011). Examining these individual and dyadic factors in the 
context of performance on a cooperative communicative game is 
one way to shed light on these questions.

Successful communicative understanding is not the only 
important marker of a high-quality social interaction. People 
can enjoy playing a communication game together even if they 
do not end up performing well, or else, they can have other 
positive shared experiences that do not require mutual under-
standing but still result in social bonding. Feelings of partner 
closeness have been induced in strangers during single interac-
tions through sharing personal information (Sedikides et al., 2002), 
and self-reports of interaction quality are broadly associated with 
greater well-being, happiness and physiological functioning (Mote 
et al., 2019; Sun et al., 2020; Mauersberger et al., 2022). Perceived 

interaction quality after the conclusion of a social interaction may 
therefore serve as an equally important independent marker of 
social interaction success.

In sum, both individual and dyadic mechanisms likely con-
tribute to how successful a social interaction is. In this study, 
we examined the relationship between measures of social cogni-
tive ability, similarity to partner and social interaction success. 
We hypothesized that both social cognitive ability and partner 
similarity would be positively related to interaction success, mea-
sured objectively by performance on a cooperative communica-
tion game and subjectively by self-reports of perceived interaction 
quality. We also hypothesized that similarity would moderate the 
relationship between social cognitive ability and interaction suc-
cess, such that there would be a stronger relationship between 
social cognitive ability and interaction success in less similar 
partners, whereas more similar partners would have success-
ful and high-quality interactions irrespective of individual social 
cognitive ability.

Methods
The hypotheses and analysis plan for the data collected in 
this study were pre-registered on the Open Science Framework: 
https://osf.io/f3nu7. Amendments to the planned methods and 
analyses are explained in each section.

Participants
Eighty-six adults (gender = 18 male, 66 female, 2 non-binary 
(NB); age range = 18–30 years; mean age = 21 years; race/ethnic-
ity in Table 1) participated in the behavioral session. A subset 
of 60 participants participated in the functional magnetic res-
onance imaging (fMRI) session (gender = 12 male, 46 female, 2 
NB; age range = 18–30 years; mean age = 21.1 years; race/ethnic-
ity in Table 1). A further 14 participants were consented but did 
not ultimately complete either session due to MRI ineligibility or 
inability to commit to the second session. All participants signed 
an informed consent form in accordance with the Declaration 
of Helsinki and the Institutional Review Board at the Univer-
sity of Maryland and were compensated for their time through 
money or course credit. All second session participants were 
right-handed fluent English speakers with normal or corrected-
to-normal vision. A sample size of 60 was noted in the pre-
registration and budgeted for in the grant, as this would allow 
us to detect medium-size correlations (i.e. r = 0.35) with a power 
of 0.8. A minimum of 40 participants has previously been recom-
mended for assessing group-level contrast effects (Geuter et al., 
2018). Thus, while we did not conduct a power analysis specific to 
the analyses within this paper, we were guided by a priori sample 
specification within funding and time constraints. The results pre-
sented in this paper are limited to data from the 60 participants 
who completed both sessions. 

Behavioral session
Participants completed a 1-h virtual interaction over Zoom (Zoom 
Video Communications Inc, 2016) with a partner who they 
believed to be another study participant. This partner was an 
undergraduate laboratory confederate trained to engage in these 
interactions naturally, while giving consistent responses across 
sessions. A total of eight confederates were used across the entire 
experiment, and the effect of confederate (i.e. which partner 
the participant was paired with) was included in all analyses. 
The pair completed three semi-structured introduction and dis-
cussion tasks where confederates gave similar answers to the 
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Table 1. Reported race/ethnicity of participants

Race/ethnicity category
Completed first 
session

Included in 
sample

American Indian/Alaskan 
Native

0 (0%) 0 (0%)

Asian 22 (25.58%) 12 (20%)
Black or African American 17 (19.77%) 8 (13.33%)
Hispanic or Latino 7 (8.14%) 5 (8.33%)
Native Hawaiian or Other 

Pacific Islander
1 (1.16%) 1 (1.67%)

White 31 (36.05%) 26 (43.33%)
More than one race 5 (5.81%) 5 (8.33%)
Others, unknown, unreported 3 (3.49%) 3 (5%)
Total 86 60

participant, but conversation was otherwise allowed to flow nat-
urally. These consisted of (i) 5 min of unstructured conversation 
to introduce themselves, (ii) creating a joint ‘top five list’ from a 
selection of categories (movies, TV shows, books and musicians) 
and (iii) asking and answering seven discussion questions. We 
describe these activities in Supplementary Methods in Supple-
mentary Data for context, but no analysis was conducted specif-
ically on these tasks. Participants then played a ‘mind-reading’ 
game to assess cooperative communication success. Following 
the interaction, participants completed a 1-h individual virtual 
session comprising performance tasks and surveys.

Social interaction success measures
Communicative success was measured through playing Telewave, 
an online cooperative ‘mind-reading’ game (https://github.com/
gjeuken/telewave). One person received a prompt on a binary 
scale (e.g. Hot–Cold) and was secretly shown a bullseye correct 
answer between 0 and 100 (which their partner did not see). They 
then gave a clue to their partner, who tried to guess where the 
bullseye fell between the two extremes. For the ‘Hot–Cold’ exam-
ple, if the bullseye was slightly to the left of center, a clue might be 
‘salad’ because it is a little colder than room temperature. After 
15 rounds, the roles were reversed, but only the trials in which 
the participant was the guesser were analyzed. They were told 
that the goal was to work together to get as close to the bulls-
eye as possible. Success was measured as the numerical distance 
between the participant’s guess and the correct bullseye, aver-
aged over all trials. All trials were identical across participants, 
and confederates gave the same clues; these clues had been 
developed organically by confederates during study design. Some 
trials were specifically designed to reference topics of conversa-
tion that partners may have engaged in during the introduction 
tasks. Extended details can be found in Supplementary Methods 
in Supplementary Data.

Perceived interaction quality was operationalized as the sum 
of three questions (‘How well did your interaction with your part-
ner go overall?’, ‘How much did you enjoy your interaction with 
your partner overall?’ and ‘How much would you want to continue 
a friendship with your partner after the experiment?’). Questions 
were given on a five-point Likert scale from ‘Not at all’ to ‘The 
Most’. A composite sum of overall quality rather than separate 
items was used, as this allowed for a greater range of responses 
than the original scales. These questions were answered via 
Qualtrics immediately following the interaction task, after the 
participant and a session administrator went into a separate 
virtual room.

Social cognitive measures
(i) Complex Emotion Recognition in Faces Task (Golan et al., 

2006), which assesses the ability to identify complex emo-
tions on brief silent videos of a variety of faces. Performance 
was calculated as percent accuracy out of 50 trials.

(ii) Empathic Accuracy from Emotional Narratives Task (Ong 
et al., 2021), which assesses the ability to track positive and 
negative emotional valence during an audiovisual narrative. 
Performance was calculated by correlating subject ratings 
and ratings gathered from the story narrator after the video 
was recorded.

(iii) Interpersonal Reactivity Index (Davis, 1980, 1983). This mea-
sure assesses the reactions of an individual to the observed 
experiences of others. The sum total of all items was used 
as a measure of global empathy.

(iv) Mind-Reading Motivation Scale (Carpenter et al., 2016). This 
measure assesses an individual’s propensity toward engag-
ing with others’ perspectives and mental states.

We use ‘social cognitive’ throughout the manuscript as a way to 
distinguish these individual measures from the dyadic similarity 
measures, although they include social-emotional and empathic 
as well as mentalizing traits.

Similarity measures
(i) Big Five Personality Trait Mini-Markers (Saucier, 1994). Item-

level Pearson correlations were conducted between partic-
ipant responses and their interaction partner to yield a 
measure of personality similarity.

(ii) Modified Avocation Activities Questionnaire (McManus et al., 
2011). This measure assesses the frequency of engaging in 
leisure activities outside of work or school. Some items were 
modified to include newer activities that students are more 
likely to engage in (Supplementary Materials in Supplemen-
tary Data). Item-level Pearson correlations were conducted 
between the participant and the interaction partner to yield 
a measure of similarity in interests and activities.

(iii) Perceived Similarity. Participants were asked on a five-point 
Likert scale to assess how similar they felt to their partner 
(‘Overall, how similar are you and your partner?’).

fMRI session: neural similarity
Task design
Participants passively viewed a series of naturalistic videos that 
simulated the feeling of ‘channel surfing’ on television (Supple-
mentary Table S2). Twelve video clips, each 2- to 5-min long, 
were presented with audio to the participants across four 10-
min runs. These clips covered a variety of scenarios (e.g. com-
edy shows, documentaries, cooking shows and reality televi-
sion). A similar task using a different set of videos has been 
shown to elicit neural similarity that tracks with friendship
(Parkinson et al., 2018).

fMRI image acquisition and processing
fMRI data were collected on a 3.0 Tesla Siemens MAGNETOM 
scanner with a 32-channel head coil. Halfway through data col-
lection, the scanner was upgraded from a Trio Tim to a Prisma Fit 
system (nTrio = 27, nPrisma = 33). Scan parameters were kept largely 
identical, and neural similarity was only calculated among part-
ners scanned on the same system (e.g. confederates scanned on 
a Trio would not be paired with a participant with a Prisma scan). 
Visual stimuli were presented on a rear projection screen and 
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viewed by participants on a head coil–mounted mirror. Audio 
was presented to participants through memory foam earbuds 
(Canal Tips, complyfoam.com), which provide sound isolation and 
noise-canceling properties for hearing protection; audio volume 
was tested and adjusted prior to the scan onset for each par-
ticipant’s hearing and comfort. One subject’s scan was stopped 
due to discomfort, and four subjects were excluded for falling 
asleep during more than two runs of the task. Twelve additional 
subjects had partially poor (e.g. falling asleep) data in two or 
fewer runs, and those individual runs were removed from analy-
sis before correlation with their partner. Six subjects had one run 
removed (resulting in 27.4 included minutes of data), and six sub-
jects had two runs removed (resulting in 18.3 included minutes
of data).

Preprocessing was conducted in fMRIprep 20.2.5 (Esteban et al., 
2018). Briefly, functional data were skull-stripped, fieldmap-
corrected to minimize susceptibility distortion, slice-time cor-
rected, registered first to the T1-weighted anatomical scan 
and then resampled to standard Montreal Neurological Space. 
Motion artifacts were identified and removed through indepen-
dent component analysis (ICA), specifically ICA-AROMA (ICA-
based Automatic Removal of Motion Artifacts), non-aggressive 
option), and data were spatially smoothed by a 6-mm full 
width half maximum Gaussian kernel. As motion was mini-
mal across participants, additional motion regression beyond 
ICA removal was not conducted. Similarity in framewise dis-
placement (FD) across volumes among partners was calcu-
lated and added as a covariate in all group-level analyses that 
included neural similarity. Preprocessing details directly from 
the fMRIprep output and supplementary motion effects analy-
ses can be found in Supplementary Methods in Supplementary
Data.

After preprocessing with fMRIprep, the BOLD signal from 
each run was masked to remove non-brain signals and scaled 
to percent signal change. Each run was trimmed by 21 ini-
tial volumes, and volumes beyond the end of each final video 
were discarded, consistent with recommendations for inter-
subject correlation analysis with naturalistic videos (Nastase 
et al., 2019). Runs were concatenated for extraction from 
a 268-region atlas defined from resting-state functional data 
(Shen et al., 2013; Finn et al., 2015). This atlas was chosen 
over the Desikan–Killiany anatomical parcellation output from 
FreeSurfer for two reasons: first, functionally defined regions 
are likely to yield more accurate grouping of voxel values from 
naturalistic tasks over longer timescales; second, a greater 
number of regions allow grouping of data across fewer vox-
els, reducing the likelihood of smoothing out smaller region
effects.

The final time course was averaged across non-zero voxels 
within each region. Pairwise Pearson correlations were calculated 
with these timecourse data between each participant and their 
confederate partner, and correlation values were averaged across 
all brain regions to yield a single measure (whole-brain similarity) 
for each participant. Neural similarity weighted by parcel size was 
also calculated but did not change the results (Supplementary 
Results in Supplementary Data). As we employed a new set of con-
federates after the scanner upgrade, no pairwise correlations were 
conducted across scanner types and all variance associated with 
the scanner upgrade was captured in the models by including the 
effect of the confederate partner.

Data analysis
Model comparison
We used Bayes factor (BF) model comparisons to determine which 
measures were most likely to contribute to the success out-
comes. BFs provide some advantages over frequentist statistics 
(Kruschke and Liddell, 2018) and quantify evidence for or against 
the model in the form of likelihood ratios without specific sig-
nificance threshold cutoffs. For example, a BF of 10/1 indicates 
that the data are 10 times as likely under the proposed hypothesis 
compared to the alternative. The generalTestBF function with its 
default prior from the BF R package was used (Morey and Rouder, 
2018) to conduct an all-possible-subset regression over 500 000 
Monte Carlo iterations, resulting in a BF for each possible model 
compared to the null (intercept-only) model. The default Jeffreys–
Zellner–Siow prior is centered around 0 and scaled at r =

√
2/4 and 

is generally accepted as a reasonable fit for data observed in psy-
chological studies (Liang et al., 2008; Rouder and Morey, 2012). To 
confirm that this choice did not affect our results, we conducted 
sensitivity analyses varying the prior distribution (Supplemen-
tary Tables S17–S20). Tests were conducted separately for social 
cognitive and similarity measures on each outcome (cooperative 
success and perceived interaction quality) and always included 
a between-subjects categorical variable to explain the additional 
effect of confederate. Models which included neural similarity as 
a predictor also included the number of runs of data available 
for each subject and motion similarity to partner as covariates 
of no interest. As this model comparison only works on complete 
datasets, subjects with missing measures were removed before 
each test was conducted. The measure of interest (i.e. not covari-
ates) from each category with the highest BF was included in the 
follow-up interaction analysis.

Model interpretation
Generally accepted guidelines suggest the following
interpretation of BF values: 1–3 = little or anecdotal evidence,
3–10 = moderate evidence, 10–100 = strong evidence and
> 100 = extreme evidence (Lee and Wagenmakers, 2013). As the 
effect of the confederate partner was included in all models 
along with additional covariates associated with MRI data in all 
models including neural similarity, we further calculated rela-
tive BF values for how much more likely the model explains 
the outcome over the effect of these covariates of no interest 
(BFmodel + cov/BFcov).

Results
Communicative success
Social cognitive ability
The social cognitive measure comparison (n = 58) revealed that 
total scores on the interpersonal reactivity index (IRI) were the 
most predictive measure of communicative success (BF = 5.30) 
followed by total scores on the Mind-Reading Motivation Scale 
(MRMS) (BF = 3.84). Both measures reached the level of moder-
ate evidence; however, the effect of confederate alone proved to 
be the best model (BF = 6.67) (Supplementary Figure S3; Supple-
mentary Table S3). As the total IRI score was the strongest social 
cognitive measure, it was chosen for the follow-up interaction 
analysis. Exploratory analyses on IRI subscales revealed that this 
effect is driven by emotional empathy; these results can be seen 
in Supplementary Figures and Tables S10 and S11.
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Fig. 1. Main effects and interaction models predicting communicative success. The joint main effects model (IRI + neural similarity) and interaction 
term model (IRI × neural similarity) compared to single main effects and covariate-only models. Confederate, number of runs and motion similarity 
were included in all models. Note: The x-axis is a log scale, not linear.

Similarity
The similarity measure comparison revealed that neural sim-
ilarity was the strongest predictor of communicative suc-
cess (BF = 6.16), indicating moderate evidence (Supplementary 
Figure S4; Supplementary Table S4). Relative comparison with 
the covariates of no interest model (BF = 1.88) indicates that the 
addition of neural similarity is three times as likely to predict 
communicative success (BF = 3.28).

Social cognitive × similarity interaction
IRI and neural similarity were entered into a subsequent inter-
action model comparison test. This test revealed strong evi-
dence (BF > 10) for both main effects and the interaction between 
them (Figure 1; Table 2). The pattern of results was as expected, 
where both higher similarity and higher IRI scores predicted com-
municative success (Figure 2A,B), and the relationship between 
IRI and success was stronger when similarity was low (Figure 2C). 
The additive model where each main effect contributed sepa-
rately to communicative success proved to be slightly stronger 
than the interaction model, with a relative BF of the separate addi-
tive model slightly greater than that of the model including the 
interaction term (BFmaineffects/BFinteraction = 1.43). Both the additive 
and the interaction term models also proved to be more than three 
times likely to predict communicative success than the effect of 
the covariates alone.

Exploratory region of interest analysis
To examine which brain regions might be contributing to these 
results, we ran the winning model (Communica-
tive Success = Neural Similarity + IRI + Confederate + Number of 
Runs + FD Similarity) using individual region data from the Shen 
atlas. Figure 3 shows the resulting regions with moderate or 

Table 2. Main effects and interaction models predicting commu-
nicative success. Bayes Factors (BF) and relative BFs (compared 
to the covariates alone) for all possible combinations of the two 
predictors: interpersonal reactivity index (IRI) scores and neu-
ral similarity to partner. Covariates include: Confederate partner, 
number of runs of neural similarity data, and motion similarity 
(framewise displacement correlation to partner)

Model BF BFmodel/BFcovariates

IRI + neural similarity + covariates 14.54 7.77
IRI + neural similarity + IRI:neural 

similarity + covariates
10.21 5.46

Neural similarity + covariates 6.17 3.30
IRI + covariates 1.97 1.05
Covariates 1.87 1

scFDwith the

strong evidence. These regions spanned several functional net-
works defined by Finn and Shen and colleagues (Shen et al., 2013; 
Finn et al., 2015), including the medial frontal, frontoparietal, 
visual association and default mode. The list of all BF > 3 regions 
and associated functional networks are given in Supplementary 
Table S14.

Perceived interaction quality
Social cognitive ability
The social cognitive measure comparison (n = 58) revealed that 
no measures yielded more than anecdotal evidence against 
the null in predicting perceived interaction quality (Supplemen-
tary Figure S10; Supplementary Table S10). Total score on the 
MRMS was the strongest predictor of perceived interaction qual-
ity (BF = 2.15; Figure 5A), so it was chosen for the follow-up 
interaction analysis.
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Fig. 2. Associations between predictive measures and communicative success. Average distance scores were inverted prior to plotting, so higher scores 
indicate greater success. (A) IRI scores plotted against communicative success. (B) Neural similarity to partner plotted against communicative success. 
(C) Regression lines for the association between IRI and communicative success with the interactive effect of neural similarity. Hotter colors indicate 
higher neural similarity, and plot lines are ±1 standard deviation (SD) from mean neural similarity. All models include confederate as a covariate, and 
the models with neural similarity include the number of runs and motion similarity as a covariate.

Similarity
The similarity measure comparison revealed that self-reported 
perceived similarity was the most predictive measure of perceived 
interaction quality (BF = 257.99; Figure 5B), indicating very strong 
evidence (Supplementary Figure S11; Supplementary Table S11) 
and even stronger evidence when compared to the covariate-
only model (BF = 9932.30). Unlike communicative success, neural 
similarity did not predict perceived interaction quality (BF = 0.02).

Social cognitive ×similarity interaction
MRMS and perceived similarity were entered into a subse-
quent interaction model comparison test. Similar to cooperative

success, the model which best predicted perceived interaction 
quality was the separate contribution of both main effects with-
out the interaction, although the addition of MRMS scores did not 
markedly improve the model (BFmaineffects/BFperceivedsimilarity = 1.13). 
All three models where perceived similarity was included showed 
extremely strong evidence toward predicting perceived interac-
tion quality (BF > 100), which was much stronger than the con-
tribution of confederate alone (Figure 4; Table 3). The direc-
tion of results was as expected, where greater perceptions of 
similarity are strongly associated with greater perceptions of 
interaction quality, with a much weaker positive relationship 
between mind-reading motivation and perceived interaction 
quality (Figure 5).
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Fig. 3. Brain regions predicting communicative success in the joint main effects model. Average distance scores were inverted prior to plotting, so 
higher scores indicate greater success. (A) Regression lines for models which yielded a BF ≥ 10 when neural similarity within the region was included. 
Hotter colors indicate higher neural similarity, and plot lines are ±1SD from mean neural similarity. All models include confederate, number of runs 
and motion similarity as covariates. (B) Map of regions where the joint main effects model yielded a BF > 3 when neural similarity within the region 
was included.

Discussion
This study examined the individual and dyadic predictors that 
support social interaction quality between strangers. We found 
that trait empathy as well as neural similarity to an interaction 
partner is positively associated with communicative success with 
that partner, revealing the importance of sharing perspectives 
in communication. On the other hand, perceived similarity to 
partner is associated with perceived interaction quality, showing 
that neurobiological similarity is not as important as assumed 
similarity when promoting positive feelings about an interaction.

Sharing perspectives predicts communicative 
success
Communicative success with an unfamiliar partner was most 

strongly predicted by the joint contributions of neural similarity 
to that partner and individual trait global empathy assessed by 

the IRI. Both yielded positive relationships: greater neural sim-

ilarity and greater total IRI scores were associated with greater 

communicative success. These results indicate that it is impor-
tant to share perspectives in order to successfully communicate: 
higher empathy indicates a greater propensity to put oneself into 



8  Social Cognitive and Affective Neuroscience, 2023, Vol. 18, No. 1

Fig. 4. Main effects and interaction models predicting perceived interaction quality. The joint main effects model (MRMS + perceived similarity), 
interaction term model (MRMS × perceived similarity) and single main effects models compared to the confederate only model. Note: The x-axis is a log 
scale, not linear.

Table 3. Main effects and interaction models predicting per-
ceived interaction qualityBayes Factors (BF) and relative BFs (com-
pared to the covariates alone) for all possible combinations of 
the two predictors: mind-reading motivation (MRMS) scores and 
perceived similarity to partner. The effect of confederate was 
included in all models

Model BF BFmodel/BFconfederate

MRMS + perceived similarity +
confederate

5070.88 30285.92

Perceived similarity + confederate 4445.42 26550.32
MRMS + perceived similarity +

MRMS:perceived similarity +
confederate

1452.87 8677.27

MRMS + confederate 1.13 6.75
Confederate 0.17 1.00

the shoes of a partner (Davis, 1980), and higher neural simi-
larity indicates that one already experiences the world similar 
to that partner. Generalized shared reality has been defined as 

the subjective experience of sharing a set of inner states (e.g. 

thoughts, feelings or beliefs) in common with an interaction part-

ner, and theory suggests that this shared reality enhances both 

interpersonal connection and a sense of understanding about the 
world. New acquaintances might discuss a number of specific 
topics to establish common ground, but, through this process, 
dyads create a more general shared information space spanning 
multiple domains (Stolk et al., 2014; Rossignac-Milon and Hig-
gins, 2018; Rossignac-Milon et al., 2021). Our results suggest that 
this is more successful among those who have higher empathic 
traits and those who already share similar ways of processing the 
world with their partner. These initial successful communication 
endeavors among strangers may go on to support forming healthy 
relationships, as both empathy and neural similarity have been 
linked to closer and more supportive friendships (Hruschka, 2010;
Ciarrochi et al., 2017; Parkinson et al., 2018; Hyon et al., 
2020). Although the separate contributions of empathy and 
neural similarity were found to be the strongest predictors, 
we also found evidence for an interaction between them: 
among pairs with low neural similarity, communication suc-
cess was preserved if participants had higher global empa-
thy. This suggests that individual social-emotional traits can, 

in some cases, make up for dissimilarity among people who 
are trying to understand each other. In contrast, among 
those who begin from a more similar perspective, the abil-
ity to share perspectives is not necessary for communication
success.

Exploratory analyses revealed that a number of networks apart 
from primary sensory regions were driving the neural similar-
ity effect in predicting communicative success. These included 
medial frontal, frontoparietal, default mode, subcortical-
cerebellum and visual association networks. Similarity in the 
default mode network is implicated in a variety of cognitive 
processes and considered a ‘sense-making’ hub connecting the 
internal self to external context (Yeshurun et al., 2021). Some of 
these regions (e.g. lateral occipital cortex, temporoparietal junc-
tion, inferior frontal gyrus, precuneus and both dorsomedial and 
ventromedial prefrontal cortices) have shown greater similarity 
among people who share interpretations or perspectives of events 
when context was experimentally manipulated (Lahnakoski et al., 
2014; Yeshurun et al., 2017). Furthermore, similarity in some 
regions (e.g. dorsal striatum, involved in narrative memory
(Ben-Yakov and Dudai, 2011); posterior parietal cortex, involved 
in selective attention (Behrmann et al., 2004)) have been linked 
to friendship in the real world (Parkinson et al., 2018). Our data 
were not collected during a task, so specific cognitive processes 
can only be speculated, but results suggest a link between these 
outcomes from prior work. Among strangers, greater neural sim-
ilarity in regions which reflect similar psychological perspectives 
is associated with greater communicative success during a social 
interaction. This success may then support burgeoning real-world 
friendships.

Perceived similarity predicts subjective 
interaction quality
In contrast to communicative success, perceived interaction qual-
ity was predicted most strongly by perceived similarity and not 
by neural similarity. These results indicate that feeling similar to 
a partner is in some cases more important than actually being 
similar. These feelings of similarity may be an important marker 
of belongingness and inclusion. Interestingly, the two similar-
ity measures were uncorrelated with each other (r = −0.17, n.s.; 
Supplementary Figure S2). The interaction was relatively brief, 
meaning the amount of information that participants were able 
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Fig. 5. Associations between predictive measures and perceived interaction quality. (A) MRMS scores plotted against perceived interaction quality.
(B) Perceived similarity to partner plotted against perceived interaction quality. Points are jittered randomly by 0.2 units on the x-axis. (C) Regression 
lines for the association between MRMS and perceived interaction quality with the effect of perceived similarity. Hotter colors indicate higher 
perceived similarity, and plot lines are ±1SD from mean perceived similarity. All models include confederate as a covariate.

to share with each other was limited in scope, so it is possi-
ble that some felt more similar to their partner simply because 
they found common ground quickly (e.g. two partners who share 
the same major and end up discussing commonalities around 
school, rather than two partners who both love surfing, but the 
topic was never raised). Further work with larger samples and 
stronger friendships should be done to confirm this relation-
ship, or lack thereof, between neural and perceptual similarity. 
Even so, our results suggest that perceiving similarities with 
another is a strong enough signal to promote positive feelings 
about an interaction, independent of communicative success on 
a task. This could have implications for solving conflicts and 
bridging divides; if feelings of similarity can be induced, then 
interactions among dissimilar people may prove to be more suc-

cessful. A large field of work has examined abstract or minimal 
group similarities, which have negative societal consequences, 
particularly for those considered dissimilar (e.g. stereotypes, prej-
udice and conflict; Hewstone et al., 2002; Dunham, 2018). How-
ever, our results align with more prosocial consequences of per-
ceived similarity, such as increasing desire to form friendships 
(Burger et al., 2004; Guéguen et al., 2011; Martin et al., 2013). If 
these perceptions are the important drivers of perceived inter-
action quality, then biological similarity may not be needed to 
establish common ground and engage in healthy and positive
interactions.

This distinction between neural similarity and perceived sim-
ilarity may be relevant in understanding communicative success 
in populations that exhibit social interaction differences as well. 
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For example, similarity in autistic traits or diagnosis, rather than 
social ability, is associated with greater self-reported friendship 
quality and greater interpersonal rapport (Crompton et al., 2020; 
Bolis et al., 2021). However, fMRI studies show more idiosyn-
cratic neural patterns compared to typically developing groups 
and among autistic individuals (Hasson et al., 2009; Salmi et al., 
2013; Byrge et al., 2015; Bolton et al., 2018; Lyons et al., 2020). 
It will be important to compare whether neural similarity or 
perceived similarity contributes more significantly to successful 
social interaction and feelings of belonging among a wider range 
of individuals.

Social cognitive ability does not predict 
subjective interaction quality
The addition of mind-reading motivation scores to perceived sim-
ilarity modestly improved upon the model predicting perceived 
interaction quality, but mind-reading motivation was not a good 
predictor of perceived quality on its own. In fact, no individual 
trait or task social cognitive measures reached a BF commensu-
rate with moderate evidence against the null hypothesis. This is 
consistent with previous work which has not shown a positive 
association between theory of mind ability and self- or partner-
generated ratings of interaction quality (Alkire et al., 2023). It is 
likely that casual introductory social interactions do not require 
good mind-reading skills in order to be successful, especially 
if the success measure is subjective quality rather than task-
based performance, which more overtly requires communicative 
understanding.

Limitations
This study had several limitations. First, we trained confeder-
ate research assistants to be partners rather than pairing naïve 
participants together. This maximized efficiency in data collec-
tion, allowing for a greater number of participants to be scanned 
without halving the number of similarity data points, but it also 
reduced the variability of neural responses with which to compare 
participant neural activity. Additionally, we controlled for verbal 
information content that participants received across the com-
municative game as we did not want the quality of the clue from 
the clue giver (i.e. how ‘good’ or ‘bad’ a clue was in explaining the 
bullseye location) to determine the success of the guesser; how-
ever, this introduced a level of artificiality into the task, which 
may explain differences observed between perceived and neu-
ral similarity. Even with identical clues, however, we found that 
neural similarity to their partner predicted success in determin-
ing bullseye location, suggesting that they were using more than 
simple verbal signals. Finally, to maximize the possibility that dif-
ferences in the results are due to individual (or dyadic) differences, 
we did not counterbalance any of the task trials or naturalis-
tic videos participants viewed in the scanner. However, this fixed 
order may limit the generalizability of relative contributions of 
each measure. Relatedly, the outcome measures were based on 
different portions of the interaction, which made comparisons 
between them not perfectly matched. Future work could incor-
porate a collaborative task during conversation and limit ratings 
on interaction quality just to that interaction.

Conclusions
This study examined the individual and dyadic factors that sup-
port successful social interactions with strangers. Our results 
reveal that both neural similarity and empathy are associated 

with successful communication. Additionally, perceived simi-
larity strongly supports feelings of interaction quality, showing 
that neural and perceived similarities are distinctly involved 
in different types of interaction success. These results indicate 
the importance of sharing perspectives with one’s partner for 
communicating and suggest that even independent of neurobi-
ological similarity and communication success, positive feelings 
about social interactions can be gained with perceived similarity 
between social partners.
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