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Abstract 
Social isolation is related to internalizing symptoms, 
but individual differences exist in the susceptibility to 
the negative effect of social isolation. Little is known 
about the factors contributing to such variable 
outcomes brought on by social isolation. One possi-
bility is that social responsiveness (i.e., adaptability 
of social behavior) may modulate the relationship 
between social isolation and internalizing symptoms. 
In this study, participants played an iterative trust 
game, where they learned the trustworthiness of 
social others. Social responsiveness is quantified as 
responsive investments to others’ trustworthiness by 
computational modeling. We found that social 
responsiveness attenuated the effect of social 
isolation on internalizing symptoms, which suggests 
that social responsiveness is a protective factor 
against negative outcomes from social isolation.  
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Introduction 
Social isolation is associated with negative outcomes, 
including internalizing symptoms (Müller et al, 2021; 
Butler et al., 2016). Yet, substantial variability of these 
outcomes was identified in the susceptibility to social 
isolation, so that someone remains intact while others not 
(Eddie & Kelly, 2017; Rapier et al., 2019). However, it 
remains largely unknown what factors may contribute to 
the individual differences in the susceptibility to social 
isolation. Social responsiveness, referred to as adjustable 
phenotypes (e.g., behaviors) according to the social 
environment, is a candidate factor that might modulates 
internalizing symptoms (Dingemanse & Araya-Ajoy, 2015; 
Rappaport & Barch, 2020). 

The iterative trust game is used to contextualize social 
responsiveness during economic exchange as tested for 
learning of others’ strategy and adaptive modulation of 
behaviors based on social interaction (Chang et al., 2010). 
Social responsiveness parametrized in the trust game has 
been proven to be associated with internalizing symptoms 
(Jin et al., 2023). Given previous findings, we speculate 
that social responsiveness in the iterative trust game 
modulates participants’ susceptibility to social isolation. 
More specifically, we hypothesize that: 1) Participants 
make adaptive response based on learned social other’s 
trustworthiness (i.e., socially responsive) in the trust game; 
2) Social responsiveness moderates the relationship 
between social isolation and internalizing symptoms, 

such that highly social responsive participants are more 
resilient to social isolation. 

Methods 
We recruited 57 participants (30 females, age = 33.88 ± 
7.12). Well-established scales that assess participants’ 
social isolation and internalizing symptoms included: 
UCLA Loneliness Scale (LON), Mood and Anxiety 
Symptom Questionnaire (MASQ), and Beck's Depression 
Inventory (BDI).  

Participants then completed a 10-round iterative trust 
game (King-Casas et al., 2005; Figure 1A). In the game, 
participants played as the “investor” while an anonymous 
counterpart played as the “trustee”. In each round, the 
investor was endowed with 20 monetary units (MUs) and 
decided the portion of the MUs to invest in the trustee. 
The trustee then received tripled investment and decided 
the portion of the MUs to repay the investor. The total 
payoff of each player in this round was displayed at the 
end of each round.  

To characterize social learning processes in the trust 
game, we proposed a belief-based learning model, which 
assumed that participants learned the trustworthiness of 
trustees by updating the expectation of their repayments 
( 𝑅" ) following the standard reinforcement learning 
principle (Sutton & Barto, 1988). Participants’ investments 
(𝐼") were fit to learned trustworthiness (𝐸(𝑅)"'() linearly: 

 

 
Figure 1. (A) Illustration of trust game. (B) Participants’ 
current round investments were predicted by trustees’ last 
round repayments (shown in ratio for both axis). (C) 
Model comparison revealed belief-based learning model 
as the optimal model.  
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𝐸(𝑅)" = 𝐸(𝑅)"'( + 𝛼	 × (𝑅" 	−	𝐸(𝑅)"'() 

𝐼" = 	 𝛾0 +	𝛾(𝐸(𝑅)"'( + 𝜀 
where 𝛾( represented the adaptive investments based on 
updated trustworthiness, which was used to index social 
responsiveness. The model was estimated by hierar-
chical Bayesian inference using the RStan package. 

Two alternative models were considered: 1) A non-
learning model, assuming participants were completely 
non-responsive to trustworthiness, i.e., mean investors; 2) 
A forgetful model, assuming participants only considered 
last round trustworthiness, i.e., fast learners (𝛼 = 1). Al-
ternative models were compared using group-level 
Bayesian Information Criterion. 

Results 

To test whether participants used an adaptive social strat-
egy in the trust game, we ran a mixed-effect regression to 
predict participants’ current round investments. We found 
a significant main effect of trustee’s last round repay-
ments (β = 0.29, SE = 0.06, t = 4.97, p < .001; Figure 1B), 
indicating participants were responsive to trustee’s repay-
ment history and adjusted future investments accordingly. 
 
Social belief learning in trust game 
Model comparison showed that the belief-based learning 
model outperformed alternative models (Figure 1C), sug-
gesting participants were responsive to social signals and 
kept track of more than just last round repayment. We fur-
ther tested whether learned trustworthiness (𝐸(𝑅)"'( ) 
provides predictions of both players’ behaviors above and 
beyond last round repayments (𝑅"'(). Likelihood ratio test 
showed trustee’s current round repayments were better 
predicted by a full model with both 𝐸(𝑅)"'( and 𝑅"'( than 
a reduced model with only 𝑅"'( (χ2(1) = 42.28, p < .001). 
This suggests that dynamically updating trustworthiness 
facilitated participants better monitoring future repayment 
of others. Participants’ current round investments were 
also better predicted by a full model with both 𝐸(𝑅)"'( and 
𝑅"'( as regressors than a reduced model with only 𝑅"'( 
(χ2(1) = 140.88, p < .001). This suggest that learned trust-
worthiness facilitated participants make more responsive 
investments in the trust game. 
 
Social responsiveness attenuates the effect of 
social isolation on internalizing symptoms 
We next ran a moderation analysis to test whether model-
estimated social responsiveness (𝛾() would influence the 
relationship between social isolation (assessed by LON) 
with internalizing symptoms (assessed by MASQ and 
BDI). We found a significant interaction between LON and 
𝛾( in predicting MASQ (β = -1.89, SE = 0.85, t = -2.21, p 

= .032; Figure 2A). Similarly, there was a significant inter-
action between LON and 𝛾( in predicting BDI (β = -1.29, 
SE = 0.55, t = -2.35, p = .022; Figure 2B). These suggest 
that participants with higher social responsiveness were 
more resilient to social isolation and thus suffered fewer 
internalizing symptoms, compared to those with lower so-
cial responsiveness. As a comparison, there was no sig-
nificant interaction between LON and learning rate (𝛼) in 
predicting neither MASQ nor BDI. The moderations were 
robust after controlling participants’ age and gender.  

 
Figure 2. Social responsiveness moderated relationship 
between social isolation and internalizing symptoms 
(MASQ and BDI). Moderations are visualized by showing 
fitted regression curves at high (mean+1.5SD) or low 
(mean−1.5 SD) level of social responsiveness. 

Conclusions 
Participants made adaptive investments based on up-
dated expectation of other’s trustworthiness in the trust 
game. Importantly, model-estimated social responsive-
ness attenuated the relationship between social isolation 
and internalizing symptoms. One explanation is that with 
higher social responsiveness, people could benefit more 
from social support even with limited social connection, 
preventing the development of depression and anxiety. 
Overall, the study highlighted a buffering role of social re-
sponsiveness against the negative effects from social iso-
lation, which contributes to the resilience especially for 
those less socially-connected population. 
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