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Choosing for others changes
dissociable computational
mechanisms underpinning risky
decision-making

DominicS. Fareri**?, Joanne E. Stasiak? & Peter Sokol-Hessner?

Choices under risk often have consequences for ourselves and others. Yet, it is unclear how the other’s
identity (stranger, close friend, etc.) influences risky choices made on their behalf. In a mixed within
and between subjects design, two participant groups made three series of risky economic decisions:
for themselves, another person, or for both themselves and another person (i.e., shared outcomes).
One group made choices involving a same-sex stranger (n=29), the other made choices involving

a same-sex close friend (n =28). Hierarchical Bayesian estimation of computations underlying risky
decision-making revealed that relative to choosing for themselves, people were more risk averse,
loss averse, and consistent when choices involved another person. Partner identity was additionally
crucial: people became risk neutral and more consistent when choosing for friends relative to
strangers. These findings establish that the complexity of the social world is mirrored in its nuanced
consequences for our choices.

Imagine that you are a contestant on a game show in which you have the opportunity to make a series of choices
between risky options with large potential monetary gains or losses, or safer options that offer no opportunities
for monetary gain, but also no loss. When making your choices, you might take into account the subjective value
of the risky gain and loss outcomes, how you feel about risk in general, and perhaps even your own history with
choices such as this. But what if you were playing this game for another person or on a team with someone else?
Would you simply choose as if you were making the choice for yourself? Or would you evaluate your options
differently——to avoid losing money for them, would you become less interested in risk in general, or more care-
ful about balancing gains versus losses, or maybe just more careful and conservative overall? Or would you be
riskier for another person to obtain them the largest possible outcome? Would it further matter who that person
was (i.e., new acquaintance or a close friend)? Multiple factors affect the risks we take—which of them might
change when choosing on behalf of another, in which way, and for whom?

While we likely do not regularly appear on game shows, our everyday decisions occur within rich social
contexts in which we aim to reduce uncertainty and weigh the (non)social risks and benefits associated with
our behavior?. Indeed, the role of social context in risk-taking has been a topic of intrigue for quite some
time**. Here, we conceptualize risk-taking as a trait that varies within individuals in different contexts. Cross-
species research suggests that risk-taking increases in social situations. For example, people—-particularly ado-
lescents——tend to make riskier driving decisions in the presence of peers, relative to when they are alone, which
is paralleled by increases in reward-related neural responses when in the presence of peers’. Further, simply
observing others’ risk-taking tendencies inspires decision-makers to behave similarly, with money in humans®
and addictive substances in rodents’. These findings may be explained in part by the desire for social approval®,
or a derived utility from observing others’ behavior® if we can learn from it%.

Yet, the body of work examining the role of social context on risk-taking as a whole is inconsistent at best.
One recent meta-analysis reported no differences in economic risk-taking for others relative to the self, but also
that people tend to endorse more interpersonal risks (e.g., within dating contexts) for others compared to the
self’. Another meta-analysis suggested that risk-taking for others in general increases slightly when compared
to risk-taking for the self,?, but noted that this is highly dependent upon multiple factors including the other’s
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identity (i.e., patient, child, friend/family) or the frame of the choice (i.e., gain, loss). Often glossed over, however,
is the fact that much like other cognitive functions (e.g., memory, attention), risky decision-making is shaped
by multiple component valuation processes, like feelings about chance, the relative weight of gains and losses, and
more (see below). Simply demonstrating a difference in the amount or proportion of risks taken in one context
or another does not establish how those changes are happening, including when considering risky choices that
involve other people. Depending on the specific mechanism(s) affected, we may be able to begin reconciling
seemingly contradictory findings”'* and subsequently explain when and why we might expect to find differences
in risk-taking in social settings. Furthermore, identifying socially dependent changes in dissociable psychologi-
cal mechanisms underlying risk-taking can inform targets for cognitive or pharmacological intervention when
such choices are maladaptive!!.

Within the framework of prospect theory'?, one of the most central theories of decision-making in the past
four decades, two key mechanisms are particularly critical when evaluating risky choice options--overall atti-
tudes toward risk (i.e., risk attitudes) and the degree to which we tolerate potential losses relative to potential
gains (i.e., loss aversion). People tend to be risk averse for gains, favoring smaller but guaranteed positive options
relative to larger but uncertain or risky options. People also tend to be loss averse, requiring potential rewards to
be significantly larger than potential losses'"'2. While individual differences in risk attitudes are relatively stable,
loss aversion has been shown to be malleable as a function of decision context'>'*. One additional mechanism,
choice consistency, has also been examined as part of the stochastic link between value processes and action'*!5.
When choices are entirely consistent, individuals are essentially noiseless or perfectly calculating in their deci-
sions, but as inconsistency rises, participants’ choices become less deterministic.

When making risky choices on behalf of another, it is possible that one or more of the processes underly-
ing our choices, like loss aversion, may shift. For example, we may pursue choice options that are not only of
individual interest, but that account for others’ preferences and/or the perceived impact of potential outcomes
on others'-?!. Such a phenomenon may be modulated by the degree of social closeness we feel toward another
person®*-**, which may increase the salience of goals important to the relationship® and help satisfy social needs
(i.e., belongingness, experiencing a shared reality)'*2. It therefore stands to reason that the component processes
underlying risky decision-making may be susceptible to social modulation, which has significant implications
for understanding how we make value-based decisions that affect others. While there have been some differ-
ences reported across a range of ages in the general pattern of risky choices made for friends relative to others**
and for parents relative to peers®, it is unclear from this work what changes in decision-making across these
different contexts. Thus, we do not yet know the specific ways in social closeness does (or does not) alter the
underlying computational processes supporting decision-making under risk.

The goal of the present study was to characterize whether and how the component processes supporting
risky decision-making--risk attitudes, loss aversion, and choice consistency--change when choices are for or
shared with another person, and how those changes depend on social closeness. All participants performed a
validated risky economic decision-making task'*!°, altered so the monetary consequences of their choices were
sometimes: for themselves only (i.e., baseline non-social context), for another person, or shared with another
person (see Fig. 1).

This within-subjects manipulation uniquely allowed us to assess changes in risk attitudes, loss aversion, and
choice consistency from how people typically choose for themselves (which is critical because of large baseline
individual differences in risky decision-making)*"*2. We additionally implemented a between-groups manipula-
tion of the identity of the ‘other person’ to be either a same-sex close friend or a same-sex stranger, to allow us to
quantify the extent to which any of the changes in decision-making computations in social settings were broadly
social in nature, or depended on the presence of a real-life relationship.

Based on evidence of general increases in risk-taking within social (relative to non-social) contexts and an
enhanced value placed on rewarding outcomes involving friends relative to others>®**333 we hypothesized that:
(1) people would make riskier choices in social relative to non-social contexts; (2) this pattern would be exacer-
bated by social closeness, i.e. when choices involved a friend versus a stranger. Given prior work demonstrating
malleability of loss aversion, but not risk attitudes'>!*, we also expected that these changes in risky decision-
making would be specifically driven by decreases in loss aversion. We tested these predictions using non-linear
hierarchical Bayesian Estimation of a prospect theory-inspired model of risky decision-making.

Results
Manipulation checks: self-report measures. We tested whether decision-makers in the friend group
reported feeling closer to their partners (friends) than did decision-makers in the stranger group. Based on
previous work**??, we expected that greater social closeness would be reported for friends than strangers, and
we expected that pairs of friends would report similar views of their friendship. A two-sample t-test revealed
that decision-makers in the friend group reported feeling significantly closer to their partners (M =4.62) than
did those in the stranger group (M =1.93), supporting our hypothesis (t (5655 =8.36, p<0.001, 95% CI [~ 3.33,
— 2.04]). Pearson’s correlations also revealed a significant, positive relationship between pairs of individuals in
the friend group on social closeness (I0S; r=0.42, p <0.025) and friendship assessment (PAM; r=0.8, p <0.001).
We collected responses on individual difference measures of risk-taking, empathy, self-esteem, reward sen-
sitivity and Machiavellianism. Two-sample t-tests on decision-makers from the friend and stranger groups
revealed no group differences on: any subscale of the DOSPERT (all p’s>0.2); on behavioral inhibition (p>0.5)
or behavioral activation subscales (all p’s > 0.3); on self-esteem (p > 0.4); on general empathy or related subscales
(all p’s > 0.4); or on Machiavellianism (p >0.5).
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Figure 1. Experimental design and task schematic. (a) Participants (decision-makers) were recruited into one
of two groups. Decision-makers in the Stranger group (N =29) were introduced to a sex-matched confederate,
while decision-makers in the Friend group (N =28) were asked to bring a same-sex close friend. Participants
were told that the other person (the stranger or their friend) would be taking part in the study with them at
different points. At the beginning of the experimental session, decision-makers in both groups completed

a series of self-report measures. Following completion of these measures, the experimental task began in
which participants chose between risky (50%/50%) monetary gambles or guaranteed monetary outcomes

(b). Decision-makers in both groups made these choices first in a baseline ‘self” condition (i.e., outcomes of
choices affected only themselves), and then made two other sets of identical choices in a ‘shared’ condition
(i.e., outcomes of choices were shared between themselves and another person) and an ‘other’ condition (i.e.,
outcomes of choices were for another person). The order of these social conditions was counterbalanced across
participants in both groups.

Post-Session Outcome Ratings

Subjective Rating
S

Self Other Shared
Condition

Figure 2. Post-session subjective ratings of experienced outcomes. A 2x 3 x2 mixed ANOVA revealed
significant main effects of outcome and recipient on participants’ subjective ratings of wins and losses during the
task (p’s <.02). Bars represented with saturated colors represent ratings for winning money in each condition;
bars represented with pale colors represent ratings for losing money in each condition.

Post-session ratings. Upon completion of the task, decision-makers in both groups were asked to report
how they felt when they experienced wins and losses during the self, other, and shared conditions. A 2 (outcome
valence) x 3 (outcome recipient) x 2 (identity) repeated measures ANOVA on decision-makers’ subjective expe-
riences revealed significant main effects of outcome (F; 55=451.69, p<0.001, *,=0.89), and recipient (i.e., self,
other, shared) (F(,,,0)=4.28, p=0.016, qu:0.072) (see Fig. 2). Post-hoc analyses further revealed that partici-
pants were significantly more excited after a win relative to a loss (¢s5=21.25, p<0.001), and were marginally
more excited when they were involved in the outcome as compared to only playing for their partner (shared vs.
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Figure 3. Changes in risky decision computations as a function of social context. Hierarchical Bayesian
Estimation of changes in decision-makers’ risk attitudes (a), loss aversion (b) and choice consistency (c) due to
social factors revealed consistent additive effects of: (1) ‘other’ on all three computations; and (2) ‘identity’ on
risk attitudes and choice consistency. 95% highest density intervals (HDIs) are denoted by dashed vertical lines.
No consistent additive effects of ‘sharing’ on any decision computations were observed at the 95% HDI level.
Each histogram depicts the distribution of 10,000 samples of that parameter from Model 1. Distributions of
samples whose 95% HDI excluded zero are presented in saturated colors, while those for which the 95% HDI
included zero are depicted in pale colors.

other: £,5)=2.80, p=0.018; self vs. other: #,,5,=2.13, p=0.07, though we note the latter result is only a trend,
and so should be interpreted with caution). Furthermore, a significant interaction emerged between outcome
valence and recipient (F(, ;0= 9.46, p<0.001, n*,=0.153), such that subjects rated winning for themselves more
positively than winning for others (f59;)=2.50, p=0.04) or sharing (fy;)=3.15, p<0.01), and also rated shared
losses more positively than losses incurred for others (¢(,;) = 3.95, p <0.001) or for the self (59,)=3.94, p <0.001).
Subjects also reported significantly higher levels of excitement when they won a trial for themselves, relative
to losing trials regardless of the receiving agent (all p’s <0.001). However, these effects were not moderated by
partner identity (p>0.35).

Hierarchical Bayesian estimation. We sought to characterize the separable cognitive mechanisms by
which social context affected decision computations in two hierarchical models of risky decision-making based
on prospect theory'>*%. Both models estimated the utility of the potential gain and loss outcomes of a gamble as
a function of the probability of receiving that outcome and individually estimated parameters for risk attitudes
(p: values > 1 reflect risk-seeking for gains, and risk-aversion for losses; values <1 reflect risk aversion for gains
and risk-seeking for losses) and loss aversion (A: values > 1 reflect loss aversion; values < 1 reflect gain-seeking).
The likelihood of someone choosing a gamble or the guaranteed option was computed within a softmax function
that computed the difference in the utilities of each option while taking into account the consistency of one’s
choices (pt). We quantified how participants’ choices changed from baseline by including additive social terms
that could change e.g., risk attitudes, loss aversion, or choice consistency on the basis of social indicator variables
for ‘other’ (does the involvement of someone else change decisions?); ‘sharing’ (when decisions involve another,
is there something different if you share in the outcomes?); and ‘identity’ (does it matter if a friend or stranger is
involved?). Full details of our model construction and estimation can be found in the “Methods” section, includ-
ing how Model 1 and 2 differed, and in the Supplementary Materials S1.

Model 1: fixed effects of social factors on decision-making computations. A Bayesian estimation of a hierarchi-
cal prospect theory model revealed that at the group level, our sample was risk neutral (p) (M=1.07, SD=0.06,
95% HDI: [0.96, 1.18]), loss averse (1) (M =1.78, SD=0.20, 95% HDI [1.42, 2.19]), and somewhat consistent (u)
in their choices overall (M =18.0, SD=2.14, 95% HDI [13.71, 22.07]) when making choices that only involved
themselves.

Social conditions representing whether another person was involved in the choice, whether the outcomes
were shared, and partner identity were modeled as fixed effects and indicate additive effects on separable decision
processes—-risk attitudes, loss aversion, and choice consistency. These analyses revealed reliable additive effects of
‘other’ (a parameter multiplied by a variable coded as + 1 other, 0 self) on all three computational processes——peo-
ple became more risk averse (M =—0.11, SD=0.02, 95% HDI [- 0.15, — 0.07]; Fig. 3a), more loss averse (M =0.06,
SD =0.02, 95% HDI [0.02, 0.11]; Fig. 3b), and more consistent (M =0.45, SD=0.06, 95% HDI [0.35, 0.57];
Fig. 3¢) when another person was involved in the decision, compared to when choices affected only oneself.
One interpretation of this pattern of results is that people demonstrated an overall tendency toward being more
‘conservative or ‘careful’ in choices across the domains of risk, loss/gain, and consistency when choices involved
someone else. Because our nonlinear modeling approach used an exponential to implement robust parameter
bounds in a manner identical to previous work from our group'>'¢, and similar to extant computational work'®
(see also “Methods” and Supplementary Materials S1), these additive change terms are not directly in ‘param-
eter’ (i.e,, p, A, and p) space. Their effect size can nevertheless be understood in terms of how they change the
mean ‘self” parameters to their ‘other’ values. In this case, the additive ‘other’ effects shifted the mean p, A, and p
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Stranger (Identity= +1)

Friend (Identity=—1)

Both (shared=- 1)

p=0.89[0.79, 0.99]

p=1.00[0.89, 1.11]

A=1.96[1.55, 2.41]

A=1.89[1.49, 2.33]

p=249[18.7,312]

p=3541[26.8, 44.7]

p=0.920.82, 1.03]

p=1.03[0.92 1.14]

Other only (shared= +1)

A=1.92 [1.50, 2.36]

A=1.85[1.46,2.27]

p=227[16.9 28.2]

p=32.3 [24.4, 40.4]

Table 1. Implied mean parameter values for the four social conditions observed in this study. Values are the
implied mean estimates (with 95% HDI values in square brackets) for each of the four conditions defined by
our 2 x 2 mixed between/within subjects design. Note that each cell contains the effects of Other, Sharing, and
Identity, paired with the correct indicator variables and combined with baseline estimates of risk attitudes, loss
aversion, and choice consistency. Values of rho (p) capture risk attitudes; when p =1, participants are risk-
neutral. Values <1 indicate risk aversion while values > 1 indicate risk-seeking (for gains; opposite pattern for
losses). Values of lambda () capture loss aversion. When A =1, participants are gain-loss neutral. Values> 1
indicate loss aversion, while those <1 indicate gain-seeking. Values of mu (u) capture consistency, with higher
values indicating greater consistency. Values compare to Self estimates of p=1.07 [0.96 1.18],A=1.78 [1.42,
2.19], and u=18.0 [13.7, 22.1] (see “Results”).

values from their respective “self” means of 1.07, 1.78, and 18.0 (see above) to “other” means of 0.96, 1.90, and
28.3 (ignoring effects of sharing or identity, detailed in the following paragraphs and summarized in Table 1).

Estimates of the additive effects of ‘sharing’ on value parameters representing decision processes in the
nonlinear model revealed no reliable effect on loss aversion (95% HDI [—- 0.03, 0.01]) or choice consistency
(95% HDI [- 0.10, 0.01]), and only a weak change in risk attitudes (M =0.016, SD =0.008; while the 95% HDI
included zero, [- 0.001, 0.03], 96.9% of samples were above zero; note that the coding of the variable by which
this parameter was multiplied (see Methods) was+ 1 Other-only, — 1 Shared, 0 Self only). This marginal effect
would imply average p values of 0.96 for choices involving only the other versus 0.94 for choices with outcomes
shared between the participant and the other (ignoring effects of identity, see below), suggesting slightly more
risk aversion for choices with shared outcomes. The directionality of this effect suggests a specific influence of the
context of sharing on risky choice via risk attitudes only such that sharing outcomes with others makes people
only marginally more conservative (i.e., risk averse) than when solely choosing for others.

Lastly, reliable effects of ‘identity’ (coded as+ 1 stranger, — 1 friend, 0 self, see Methods) on both risk attitudes
and choice consistency also emerged in Model 1. Choices involving strangers relative to friends reflected more
risk aversion (M = - 0.05, SD =0.02, 95% HDI [~ 0.09, — 0.02]) and less consistency (M =— 0.18, SD =0.05, 95%
HDI [- 0.28, — 0.07]), but no changes in loss aversion (M =0.02, SD=0.02, 95% HDI [- 0.03, 0.06]). These effects
would imply average p values of 1.03 for friends, and 0.92 for strangers, making people risk averse when choosing
for strangers, but risk neutral when choosing for friends (assuming choices were made only for the other and
not shared; see above). The implied average values of u (representing choice consistency) were 32.3 for choices
involving friends versus 22.7 for choices involving strangers, indicating noisier choices for strangers/more stable
choices for friends. Interestingly, loss aversion did not appear to reliably differ as a function of partner identity.
For an alternative visualization of the behavioral effects captured by the model, see Fig. S1, which plots the
predicted probability of making a risky choice given (1) the difference in expected value between the risky and
safe options and (2) the condition in the study, calculated using the group-level average estimates from Model 1.

Model 2: individual differences and the relationships between decision computations and social cognitive meas-
ures. In Model 2, we estimated our ‘other’ term with hierarchical group-level fixed and subject-level random
effects in order to obtain individual estimates of the degree to which participants showed changes in decision
processes in social contexts. Doing so allowed us to examine the extent to which any individual differences in
risky decision-making for another were related to measures of social cognition and risk perception. See Supple-
mentary Materials S1 for additional context for Model 2’s design.

Model 2 replicated Modell’s findings at the group level. Group-level fixed effects estimates of the effect of
the ‘Other’ term on risk attitudes (M =- 0.14, SD =0.05, 95% HDI [- 0.23, — 0.05]) and loss aversion (M =0.14,
SD=0.07, 95% HDI [0.02, 0.28]), were consistent with Model 1, finding that choosing when another person is
involved increases risk aversion and loss aversion (there were no reliable effects on choice consistency, though
the direction of the effect was the same: 95% HDI [- 0.09, 0.37], with 87.8% of samples above zero). Model 2
additionally replicated the pattern of results for ‘Sharing’ found in Model 1: no reliable additive effects of shar-
ing on loss aversion (95% HDI [- 0.03, 0.009]) or choice consistency (95% HDI [- 0.11, 0.006]), and only weak
effects on risk attitudes (i.e., slight increase in risk aversion; M =0.02, SD =0.009, 95% HDI [- 0.0008, 0.03], 96.7%
of samples above zero). Note that post-hoc comparisons of the other effect in Model 2 replicated the pattern of
results in Model 1 for strangers versus friends, see Supplementary Material S1.

Critically, obtaining individual estimates of people’s sensitivity to social context during value processing and
risk evaluation allowed us to explore relationships between the mechanisms of decision-making and individual
difference measures assessing general risk attitudes and empathy. Pearson’s correlations (see Fig. 4a,c) revealed
significant relationships between the DOSPERT social subscale and risk-related decision processes: participants
who reported being more socially risky unexpectedly became more loss averse (r(5;,=0.302, p=0.028) and more
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Figure 4. Sensitivity to social context in risky decision-making relates to social cognition and social risk
perception. Exploratory analyses revealed associations between subject-level estimates of changes in both
risk attitudes and loss aversion (see details for Model 2 in main text) as a function of the ‘other’ term and the
self-reported tendency to make socially risky decisions (a,c; p’s <.05) and a composite measure of empathy (b;
p=.066).

risk averse (r(s;)=— 0.349, p=0.01) in the social conditions (i.e., when another person was involved in the choice)
compared to the self condition, paradoxically suggesting that people who self-report being riskier in social
contexts are less risky in multiple ways when deciding for someone else. No significant relationship emerged
between the DOSPERT social subscale and the change in choice consistency in social relative to non-social con-
texts (r(s;)=0.19, p>0.17). Because taking risks that affect another could involve some degree of consideration
of the other’s preferences, we also collected a multidimensional measure of empathy (IRI). A negative trend was
also observed in a Pearson’s correlation between scores on the IRI and risk aversion in social (vs. non-social)
contexts (154 =— 0.247, p=0.066; Fig. 4b), revealing a weak tendency of participants with higher empathy scores
to be more risk-averse when making decisions involving another. No significant relationship or trends emerged
between empathy and loss aversion (rs,=— 0.002, p>0.9) or choice consistency (r(s4=0.20, p>0.14) in social
contexts. We note that these findings should be interpreted as exploratory and speculative based on the lack of
statistical significance in some tests, unexpected patterns in others, and multiple comparisons. However, taken
together, these exploratory findings hint that people may compare their attitudes toward risk to those of another
person when making choices for others, though we acknowledge the need for replication in future work.

We also examined the degree to which Model 2’s subject-level random effects estimates of the influence of
social context on decision processes reproduced the differences identified by Model 1 between choices made
for strangers and friends (because Model 2 did not have the “identity” factor integrated into the model). While
differences between the average random effects estimates for participants paired with strangers vs. those paired
with friends were in the same direction as identified by Model 1, none were significantly different. More specifi-
cally, Model 1 identified less risk aversion and more consistency in choices made for friends vs. those made for
strangers, but no reliable differences in loss aversion. However, two-sample t-tests of mean subject-level estimates
of parameter change for the ‘other’ term from Model 2, between participants in the stranger condition and
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friend condition, were not significant (all p's>0.33). This finding suggests that the strong differences observed
in Model 1 were subtle enough in our sample to only be identified when fully leveraging the known structure of
the task to maximally pool data across participants while quantifying multiple dissociable component processes
underlying risky decision-making.

We conceived of Models 1 and 2 as complementary approaches to fitting the data that capture and emphasize
different aspects of the study. While Model 1 emphasized statistical representation of all major design elements
in the study, Model 2 emphasized individual differences. Though this perspective renders model comparison of
limited value, we performed an exploratory model comparison (which includes a comparison to a model lacking
all social factors, Model 0) described in the Supplementary Materials S1.

Discussion

Our social environments play critical roles in shaping our behavior. This is particularly important within the con-
text of decision-making, considering that many of our choices can have significant consequences (i.e., financial,
emotional) for other people. Yet, the specific ways in which the social world changes the component processes
underlying risky choices for others is surprisingly understudied. Here, we sought to assess whether and in what
way individuals’ unique risky decision-making evaluation and choice processes change when those choices
affect others. We used hierarchical Bayesian estimation to fit a non-linear model, identifying an overall shift
toward conservative behavior, characterized by multiple changes in the component processes underlying risk-
taking—-people demonstrated both increased risk aversion and loss aversion, and were more consistent in their
choices when there were consequences for another person. Beyond these overarching social effects, we found
more specific patterns characterizing the effects of sharing outcomes with others, and the identity of the person.
While sharing outcomes with another person only weakly increased risk aversion, the identity of that person
strongly altered decision computations: people displayed less risk aversion and more consistency when choices
involved a real-life friend versus a stranger, possibly reflecting increased certainty about their friends’ preferences
(and conversely, relatively more uncertainty about strangers’ preferences). Taken together, our results support
social psychological theories suggesting that closeness may shape our decisions when in the context of others®,
and hint that participants: (1) may be actively inferring possible preferences for the ‘other’; and (2) that uncer-
tainty in that inference may bias resulting behavior toward conservativism. Most broadly, our approach provides
a way to reconcile inconsistencies in the literature on risky decision-making on behalf of others?, highlighting
the value of breaking decision-making down into its component processes.

Previous work examining risky monetary decision-making in social contexts has identified mixed effects>*,
which may result from not dissociating the underlying computations of decision-making. Some studies report
similar levels of risk aversion when making choices for the self and for others’, and other work indicates that
the choice framing (i.e., gain/loss) may influence risk-taking for others'®*. Still other evidence points to safer
choice behavior (i.e., less money bet on a lottery/higher proportion of safe choices) when choosing for others,
particularly friends, relative to the self*”. However, inferences that can be drawn from these studies are limited
because they do not identify which underlying sociocognitive processes drive these coarse behavioral patterns.
While a comprehensive review of the subject is beyond the scope of the present article, our approach directly
addressed this limitation: we show not only that people are less likely in general to take a risk in social contexts
relative to choosing for themselves, but we show how such conservative shifts in behavior occur--specifically
through reliable shifts toward more risk aversion and lower tolerance of losses.

We expected that the prospect of sharing a potential positive outcome of a risky choice might increase risk-
taking via decreases in loss aversion. This hypothesis was based on our previous work showing an increased value
placed on rewards experienced in social relative to non-social contexts?*** and evidence of people and rodents
engaging in risky behavior together”**¥. To the contrary, we found sharing did not change loss aversion and
weakly increased risk aversion. Critically, the likelihood of taking a shared financial risk may vary with respect to
the perceived similarity in preferences to that person®. Thus, the weaker effect of sharing on risky choice in our
study may be partially obscured by stronger effects of social closeness to friends relative to strangers.

To this end, we found strikingly consistent additive effects of identity on the computational processes
underlying risk evaluation. Choosing for a friend decreased risk aversion (i.e., people became risk neutral) and
increased choice consistency relative to choosing for a stranger. This pattern of results contrasts with two recent,
related psychological studies of which we are aware that investigated risky monetary decision-making involving
friends, though we note significant methodological and analytic differences with these other studies. Powers
and colleagues® found increased risk aversion when considering choice options involving risky gains or losses
for a friend, relative to choices only affecting themselves, suggesting a bias toward protecting close others from
potential negative outcomes. Additionally, work by Guassi-Moreira and colleagues® reported no differences in
overall levels of risk aversion and trend-level decreases in loss aversion when evaluating risky choices for par-
ents relative to friends. Our decision to include a stranger condition, in conjunction with our unique modeling
approach, allowed us to build upon these findings by mechanistically characterizing how the involvement of
specific close others and strangers in choices additively shifts people’s idiosyncratic baseline risk attitudes toward
risk-taking as a function of our real-life relationship with that person. More broadly, our findings suggest that
we may become more conservative and variable when choosing in social contexts, but to a lesser extent when
surrounded by people that we know well.

Our within-subjects manipulation of outcome recipient uniquely enabled examination of how individual
sensitivity to the presence of another may relate to individual variability in risk perception and social cognition.
Correlations revealed positive relationships between scores on the social subscale of the DOSPERT and both
risk aversion and loss aversion. The social subscale of the DOSPERT assesses the degree to which someone
engages in socially risky behavior (e.g., openly admitting different opinions than one’s friends), which necessarily
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involves both mentalizing and valuation processes. We found that the more likely one endorses such behaviors
for oneself, the more conservative they are when choices affect others (relative to when choosing for oneself).
While trending relationships suggest this pattern could relate to individual differences in empathic abilities,
consistent with previous work®, we acknowledge these trending results were only found when using a composite
self-report measure of empathy, and not specific subscales. Thus, while increased risk aversion when others are
involved (relative to choosing for oneself) may depend upon recognizing differences between our and others’
perspectives, this idea must be tested in future work.

Our study is not without limitations. While our task was designed to quantify risk attitudes, loss aversion, and
choice consistency, we did not measure other processes that may also be affected by social factors (e.g., ambiguity
aversion, probability weighting;*®), nor did we explicitly assess decision-makers’ ability to gauge friends/stran-
gers risk preferences or examine other processes inherently related to decisions in social contexts (like social
perception, affiliation, or theory of mind). While our study focused on dissociating and quantifying decision-
making mechanisms that might underlie coarse changes in choices, we hope that future research will be able
to more deeply connect the understanding of changes in decision-making processes examined here with other,
related processes. We also note our moderate sample size, which was due in large part to challenges recruiting
participants in the Friend Group (i.e., coordinating schedules for pairs of people became difficult, resulting in
a number of cancellations by participants). As a means to partially mitigate this limitation, we implemented a
Hierarchical Bayesian Estimation approach, which leverages each trial as a data point (while the study had 57
participants, it also had > 15,000 trials) and simultaneously constrains estimation of individual-level parameter
estimates by the structure of the group-level parameter distributions. Such an approach both allows for more
robust estimation and inference than mass univariate analyses, and capitalizes on the growing consensus regard-
ing the importance of repeated measures within participants in terms of maximizing power (Chen et al., 2021).
Despite the advantages of this approach to help us detect signal relative to noise in our data, we acknowledge
that our ability to generalize to the wider population regarding human social decision-making in general is still
in part limited by the number of participants in our study. Future efforts should aim to combine robust within
participant power with larger group sample sizes to fully address this concern.

Additionally, our design departed from some of our previous work (e.g., Fareri et al., 2012) which employed
within-subjects manipulations of partner. We opted for a mixed design in the present study to reduce the number
of conditions experienced (and time required) per individual participant while maximizing our ability to detect
within-subject changes in risky choice. However, it is possible that partner identity would have interacted with
sharing were this factor also manipulated within subjects. We also note that the friends and strangers were seated
in the same room as the decision-makers in the study, even in the baseline condition (albeit at opposite ends of
the room). This aspect of our design may have contributed to our baseline group-level estimate of risk attitudes
being slightly higher (~ 1) than in previous studies implementing this decision-making task'**. A related point
is that participants in this task were always making choices (i.e., taking responsibility) for one specific physically-
present other whom they were well aware would potentially be impacted by their behavior (i.e., close friend,
stranger introduced atin the laboratory). Thus, our ability to generalize the patterns we observe more broadly
to a wider context of decision-making in social contexts may be limited. Lastly, while we counterbalanced the
order of the social conditions that participants experienced (i.e., other-only vs. sharing), both social conditions
always followed the self-condition in order to clearly establish participants’ baseline decision-making param-
eter estimates before making choices involving others. This experimental emphasis does present a confound of
order effects that we cannot disentangle in this study. We do note, however, that this does not impact any of the
estimates related to Sharing or Identity, as these were counterbalanced in order and fully randomized between
participants, respectively. In sum, these limitations may be improved upon in future attempts to build upon this
work.

There has been interest in understanding differences in risky decision-making in social contexts for a number
of years. While recent meta-analyses®* have suggested inconsistencies in how people take risks in social versus
non-social contexts, the underlying literature used to draw this conclusion is arguably fundamentally limited in
that it has not assessed different component processes contributing to risky decision-making. Just as it would be
incomplete to say that a manipulation does (or does not) change performance on a memory task without address-
ing whether it affects encoding, storage, or retrieval, studies suggesting that decision-making varies in social
contexts should seek to identify the sociocognitive source of that variability. Our nuanced design and analytic
approach allowed us to dissociate and quantify specific changes in computational mechanisms underlying risk
evaluation as a function of specific, rich, and real-life social manipulations and variables. In doing so we were
able to identify distinct behavioral effects in which both the presence of another person and their identity shape
the risks we take for ourselves and others.

Methods

Participants. Participants were recruited from the student population at Adelphi University via advertise-
ments posted on campus between 2016 and 2019. Participants were recruited into two groups. One group was
recruited in pairs, such that upon responding to an ad via email, they were asked to bring a same-sex close
friend to the experimental session in which they would take part in an economic decision-making study (Friend
Group). A total of 28 pairs of friends were recruited (15F/13 M; mean age =20.25 years, sd = 1.34). Within each
pair of friends, the individual who initially responded to the advertisement will be referred to as the ‘decision-
maker’. The other group (Stranger Group, n=30), upon responding to an ad via email, were asked simply to
come to the laboratory to participate in a monetary decision-making study (21F/9 M). One participant was
excluded from the Stranger Group because it was later discovered that she had participated in the Friend Group
at an earlier date. The final sample of participants in the Stranger Group consisted of 29 participants (20F/9 M;
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mean age=20.58, sd=2.63). Within the Stranger Group, all recruited participants were the decision-makers;
the ‘strangers’ were sex-matched laboratory confederates who were portrayed as an additional participant in
the experiment and whose identity as laboratory staff was not revealed until the end of the study. To increase
statistical power*, we included a within-subjects component to our design (see ‘Conditions’ section), collected
hundreds of trials per participant and leveraged advanced non-linear hierarchical Bayesian estimation tools that
pool data in a structured fashion to maximize signal relative to noise (see ‘Choice Analyses: Bayesian Estimation’
section). Participant recruitment for this study was limited by the need in the friend group to sign up with a
close friend, and temporal limits on the internal funding source. All participants provided informed consent, all
activities were approved by the Institutional Review Board of Adelphi University. All methods and experimental
procedures were performed in accordance with relevant guidelines and regulations governing the approval of
this work.

Procedure. After providing informed consent, participants in both groups first completed basic paper and
pencil measures of risk-taking (incentive effects scale)*! and perceived interpersonal closeness (inclusion of
other in self scale; [OS)?. Participants in the friend group (i.e., decision-makers and their close friends), and
the stranger group (i.e., decision-makers and confederates) were told to choose the pair of circles, which varied
in degree of overlap, that best characterized their relationship in terms of how close they felt to their partners
(i.e., close friends and strangers, respectively). Unbeknownst to the decision-makers in the stranger group, con-
federates did not complete the IOS questionnaire. Participants in the friend group also completed the Personal
Acquaintance Measure*? as an additional assessment of relationship closeness.

Upon completion of the initial social measures, the decision-maker was seated in front of the experimental
computer. The partner in both groups remained seated at a table in the laboratory separated from where the
experimental computer was so as to dissociate the effects of choices for others from the potential effects of peer
observation?®. The partner in both groups was instructed that the first part of the task would involve the decision-
maker making some choices and that they would be brought into the experiment at the completion of this first
component. Once seated at the computer, decision-makers were instructed that they would be performing a task
in which they would be making a series of choices about money adapted from our previous work'%. They were
presented with an endowment of $24 which they were told was theirs to use during the task, and that based on
their choices, they could potentially add to/lose some of their endowment. Participants were guaranteed $5 for
their participation regardless of their task-based performance (see Fig. 1a for a diagram of the study procedure).

Gambling task. Decision-makers were instructed that on each trial of the task (see Fig. 1b), they would be
making a choice between a 50%/50% monetary gamble and a 100% guaranteed monetary option. Trials featured
either mixed gambles or gain only gambles. On mixed gambles, choices were between a risky gamble option
offering a 50% chance of gaining some amount or a 50% chance of losing a different amount, and a 100% guar-
anteed $0 option (i.e., no change to the endowment). On gain only trials, choices were between a risky gamble
option offering a 50% chance of gaining money and a 50% chance of $0, and a guaranteed option offering a 100%
chance of receiving a smaller gain. We administered a choice set comprised of 90 choices (64 mixed gambles, 36
gain only gambles; the choice set is available on the Open Science Framework at https://osf.io/39b2g/; see sup-
plementary material S1 for additional discussion of the choice set) in each of three conditions (see Conditions,
below) for a total of 270 choices. Choices were generated based on the procedure reported by Sokol-Hessner and
colleagues™. In brief, gamble values for gains on mixed gamble trials were selected from the set of {2, 4, 5, 6, 8,
9, 10, 12}; loss values were computed by multiplying the gain values by factors ranging from — 0.25 to -2. Gam-
ble values on gain only trials ranged from $3.25 to $30. See below (Choice Analyses) for details of the analysis
procedure. Within each condition, choices were split into three mini-blocks of 30 trials each, with a brief (<30 s
seconds) break between each.

Decision-makers were presented with choice options for 2 s before a question mark appeared in the middle
of the screen indicating that participants had 2 s to indicate whether they wanted to accept the gamble (i.e., take
the risk) or reject it in favor of the guaranteed (i.e., safe) option. Participants pressed the number 1 key to accept
the gamble, and the number 2 key to reject the gamble. A jittered inter-stimulus interval (ISI) separated the
participant’s response from the choice outcome. Decision-makers were presented with text indicating whether
they won or lost money if they chose to accept the gamble, or text indicating that they chose the guaranteed
option. A short inter-trial interval (ITI) was then presented prior to the next trial. Critically, all participants
were informed that each trial was independent of all other trials in the experiment--the earnings/losses were
not cumulative, but rather choices were to be treated independently, because only one trial would be randomly
selected at the end of the experiment, and its outcome realized (relative to their endowment) as their bonus. As
such, decision-makers were instructed that they always had $24 to use on each trial, and a loss on one trial did
not affect how much money they had on the subsequent trial.

Conditions. ~ All decision-makers made choices across three different conditions (Fig. 1b)--self, other, and
shared--which were manipulated within-subjects. In order to establish a baseline assessment of risk taking, in
both groups decision-makers completed the ‘self” condition first, in which they made choices whose outcomes
would only affect themselves. The order of the remaining two social conditions were counterbalanced across
decision-makers. In the ‘other’ condition, decision-makers were told that they were going to complete a similar
series of choices except that their choices would instead be made for their partner (i.e., close friend in the friend
group, stranger in the stranger group). To increase believability, the $24 was given to the partner at the start of
this block of trials. In the ‘shared’ condition, decision-makers were instructed that they would again be mak-
ing a similar series of choices, but that they would be sharing the outcomes with their respective partners. Any
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monetary gains or losses on a given trial were to be split equally with the close friend or stranger. Prior to the
start of this condition, the $24 endowment was placed on a desk in the laboratory equidistant from both the
decision-maker and their partner.

Post-task measures and payment. Immediately following completion of the decision-making task, par-
ticipants answered follow-up questions on 7-point Likert scales to assess subjective experiences of winning and
losing in the task in the different conditions (e.g., How excited were you to win money for yourself? For your
friend/the other person?). Decision-makers then completed a number of additional self-report measures assess-
ing: general attitudes toward risk-taking (DOSPERT)*, empathy (IRI)*, self-esteem (Rosenberg self esteem)*,
general reward sensitivity (BIS/BAS)* and Machiavellian traits*. The experimenter then calculated participants’
bonus payment by randomly selecting a single trial from the shared condition of the task. Participants received
half of the outcome on that randomly selected trial, as determined by the participant’s choice and the random
outcome of the gamble if applicable. In the Friend Group, the remainder of the randomly selected outcome was
paid to the decision-maker’s close friend, while in the Stranger condition, participants were informed that the
stranger was a member of the laboratory and was not in fact eligible to receive payment.
Following payment, participants were debriefed.

Behavioral analyses. Subjective ratings. Self-reports of social closeness from the Inclusion of Other in
Self Scale (IOS)* served as a manipulation check that participants in the friend group felt significantly closer to
their friend than did participants in the stranger group to the confederate using an independent samples t-test.
We also examined whether pairs in the friend group rated each other similarly on closeness via a Pearson’s cor-
relation. We additionally conducted Pearson’s correlations between friends’ responses on scores on the Personal
Acquaintance Measure* as an additional manipulation check to ensure that participants and their close friends
had similar conceptions of their relationship. Pearson’s correlations were conducted to test associations between
the dyad’s responses on this measure. We note that due to experimenter error, four participants did not complete
the DOSPERT and two did not complete the IRI. Post-session subjective ratings regarding decision-makers’ ex-
periences winning and losing money across the different social conditions were assessed viaa 2 x 3 x 2 repeated
measures ANOVA, with outcome valence (win, loss), condition (self, other, shared) as within-subjects factors,
and group (friend, stranger) as a between-subjects factor. All analyses on subjective ratings were two-sided and
conducted using Jamovi v1.2%.

Choice analyses: Bayesian estimation. Our main analyses focused on how social factors change the propensity
to engage in risky economic decisions. Note that all models fit to choice data in the current study were hierar-
chical in nature; that is, they pooled data across participants while retaining the ability to observe individual
differences (see below). Compared to non-hierarchical data pooling (ignoring individual differences) or fully-
independent analytical approaches (in which each participant’s data are analyzed alone), models with hierarchi-
cal structure have been demonstrated to produce more robust group-level inferences, more smoothly accom-
modate noise (including outlier behavior'®#**°), and are often used in examinations of decision-making!>!61851,

Given that some components of risky decision-making are known to be non-linear, our primary analytic
approach consisted of hierarchical Bayesian estimation of a non-linear prospect theory-inspired model of valu-
ation and decision-making under risk (see Supplementary Materials S1 for linear logistic regression analyses of
these data). This approach allowed us to directly estimate both group-level and subject-level parameters quanti-
fying the cognitive processes underlying choice, as opposed to classic maximum likelihood methods (including
those employed by most linear approaches) that emphasize the identification of simple optimal point estimates
for parameters using maximum likelihood estimation®.

Hierarchical Bayesian estimation of subject-level and group-level parameters are reciprocally constrained®,
increasing the stability and reliability of subject-level parameter estimates®. The reciprocal constraint uniquely
enables hierarchical estimation procedures to fit a model to all trials across all participants simultaneously, in
an optimally-weighted fashion that allows differences between participants, while capturing their similarities.
This approach is ideal for experimental designs such as this one, that have both many trials per participant and
many participants (as opposed to paradigms with very large numbers of trials for only a few participants, or few
trials for each of a very large numbers of participants)'®4**1. The model applied here has two main components:
baseline valuation processes, and the changes in those processes due to social factors (e.g. whether one is decid-
ing for a friend or a stranger).

Baseline valuation processes were modeled in a manner similar to that described in prior work!'>1%18 We
first computed the utility associated with the potential gain (u(x"))and loss (u(x ™)) outcomes of a gamble on
a given trial using Eqgs. (1) and (2) respectively:

u(x™) = p(x") x (x*)” (1)
u(x™) =p(x7) * 2% (x7)” 2)

where p(x) represents the probability of receiving that value, and the parameters p (rtho) and A (lambda) represent
risk aversion and loss aversion, respectively. The probability of choosing a gamble was estimated by taking the
difference between the utilities of the gamble and guaranteed options on a given trial using a softmax function
(Eq. 3):
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1
1+ o(—1x(u(gamble)—u(guaranteed)))

px) = 3)
in which the parameter y represents participants’ choice consistency.

The parameters in Egs. (2) and (3) (p, A, and y) all influence the decision to accept or reject a risky choice
option, but for different reasons—this model allowed us to dissociate and quantify those effects. Rho (p) reflects
risk attitudes, regardless of whether choices involved the potential for a gain and loss (i.e., mixed gambles) or
only gains. A value of p =1 reflects a risk neutral individual; p > 1 indicates a pattern of risk seeking for gains and
risk aversion for losses; p <1 reflects a pattern of risk aversion for gains and risk seeking for losses. Lambda (1)
reflects loss aversion, which is defined as the weight on potential losses relative to potential gains. When A =1,
individuals weight losses and gains equivalently (i.e., gain-loss neutral); A > 1 indicates loss aversion, such that
losses carry a greater weight per dollar than gains, and A <1 indicates gain seeking, such that gains outweigh
losses of the same magnitude. Mu (u) captures choice consistency, reflecting a given participant’s internal con-
sistency (i.e., stability) in their choice behavior: greater values of i reflect greater consistency in choice behavior.

We estimated not only individual-level p, A, and y values, but group-level mean and variance parameters for
each of p, A, and y, around which the individual-level estimates were distributed. This hierarchical approach
therefore both represented each original, raw datapoint (i.e. each choice, instead of relying on individual-level
summary statistics) and took advantage of the known structure in the data by estimating parameters simultane-
ously at both the participant and the group level. This maximizes the signal-to-noise ratio by smoothly reducing
the influence of outliers and noise, with the consequence that ‘sample size’ is most accurately understood not
simply in terms of number of participants (57), but the total number of datapoints (15,390 choices; 270 choices
for each of 57 participants), as the hierarchical model-fitting process effectively and intelligently leverages each
of those datapoints when estimating fit. Estimates derived from, for example, the same number of participants
with only 20 choices per person (1140 choices; 20 choices for each of 57 participants) would reflect an order of
magnitude less data, and would thus be considered much less robust, ceteris paribus, despite a nominally identi-
cal (participant) sample size*’. This approach to appreciating the contributions of both sample size and number
of trials per participant to statistical power is conceptually identical to that in other highly repeated measures
environments (i.e., task-based neuroimaging).

While the above parameters captured participants’ overall attitudes toward risk, loss aversion, and choice
consistency, we wanted to additionally quantify the effects of social factors of interest——other, sharing, identity
on estimates of p, A, and p. That is, how the presence of other people (and which other people) affected risk
attitudes, loss aversion, and choice consistency. We modeled these social variables as indicators as follows. First,
we modeled the effect of other--does the involvement of someone else change decisions using the self as the
baseline to which the presence of another was compared (self (0), another person (+1)). We then constructed
sharing and identity contrast-style variables, meant to be additive on top of the effect of other, that in essence
asked whether decisions for another person were additionally affected by other details of the social situation.
The sharing variable examined whether decisions involving others were different if participants did or did not
share in the outcomes (self (0), for another person only (+ 1), or shared between self and other (-1)). Finally,
the identity variable assessed whether it mattered who was involved (self (0), stranger (+ 1), friend (- 1)). We
captured these effects with additive terms in two different models: Model 1 and Model 2.

Model 1: Fixed effects of social factors on decision-making computations. In Model 1, each social factor of inter-
est (other, sharing, identity) had its own term for affecting each choice parameter (p, A, and p). This resulted in a
total of 9 additive social terms (3 social factors for each of the 3 main prospect theory parameters) which could
increase or decrease the relevant group-level choice parameter. These social factors were implemented as fixed
(group-level only) effects.

The manner in which each additive social factor of interest influenced the baseline valuation processes was
the same in each case. For example, risk aversion was affected by three additive social factor parameters of §p°¢",
spharing and §p™ertity A given participant’s risk aversion on a given trial was then calculated as the sum of their
baseline risk aversion and these three additive 6p parameters multiplied by the unitary (- 1/0/ + 1, as applicable)
other, sharing, and identity vectors described above. For example, in equation form, risk aversion for participant

« »

s” on trial “t” was calculated as follows:
pst = ps + other; * 8p°her 4+ sharing, * spharing 4 identity, * spidentity (4)

Our model was estimated using a Markov Chain Monte Carlo (MCMC) sampling approach in rStan? across
four chains for a total of 10,000 samples/parameter. Effects of social factors on parameters of interest were evalu-
ated with 95% highest density intervals (HDIs). The HDI identifies the interval such that every point inside has
higher credibility than any point outside the interval. If a 95% HDI excludes zero, that would indicate that given
the observed data, the most credible values of that parameter were non-zero. See Supplementary materials S1
(‘Hierarchical Bayesian Model Configuration and Estimation Details’ section) for additional details about model
configuration including the implementation of parameter boundaries and model estimation.

Model 2: individual differences and the relationships between decision computations and social cognitive meas-
ures. We implemented Model 2 with two goals in mind. First, we aimed to identify how individual differences
in the effect of social factors on baseline value parameters related to individual difference measures obtained
via self-report (see below). To accomplish this, Model 2 was identical to Model 1 with respect to baseline value
parameters (p, A, and p), but the additive terms of Other on each of p, A, and p were modeled as mixed effects
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(i.e., including a group-level mean and standard deviation around which individuals’ ‘Other’ effects were distrib-
uted). Second, we sought to identify the extent to which stranger/friend differences might appear in the Other
term (which was being allowed to vary by participant) without assumptions that such differences existed at a
between-subjects level. Thus, Identity was not explicitly modeled as a factor in Model 2. The effects of Sharing
on each of p, A, and u were modeled as fixed effects (as in Model 1) for simplicity. See supplementary materials
S1 for more information.

We also wanted to assess the relationship between choice behavior and traits that may underlie a propensity
for (or aversion to) risk-taking in social contexts. Individual participants’ parameter estimates were examined
in relation to scores of empathy (IRI) and risk attitudes (DOSPERT) through two-sided correlational analyses
conducted in Jamovi. We were primarily interested in whether and how such individual differences may relate
to behavioral shifts that take place in the presence of others.

Though we conceived of Model 1 and Model 2 as complementary approaches to probe different questions with
respect to our data, we did perform an exploratory model comparison. To evaluate model fit and compare the
fit between models, we calculated the widely applicable information criterion (WAIC) using the log-likelihood
calculated for each data point for each sample. The WAIC was calculated and compared using the loo” package
in R. See Supplementary Materials S1 for more information.

Data availability
The dataset generated and analysed during the current study are available on the Open Science Foundation at
https://osf.io/39b2g/.

Received: 31 January 2022; Accepted: 11 August 2022
Published online: 23 August 2022

References
1. Fareri, D. S. Neurobehavioral mechanisms supporting trust and reciprocity. Front. Hum. Neurosci. 13, (2019).
2. FeldmanHall, O. & Shenhav, A. Resolving uncertainty in a social world. Nat. Hum. Behav. 3, 426-435 (2019).
3. Batteux, E., Ferguson, E. & Tunney, R. J. Do our risk preferences change when we make decisions for others? A meta-analysis of
self-other differences in decisions involving risk. PLoS ONE 14, €0216566 (2019).
4. Polman, E. & Wu, K. Decision making for others involving risk: A review and meta-analysis. J. Econ. Psychol. 77, 102184 (2020).
5. Chein, ], Albert, D., O’Brien, L., Uckert, K. & Steinberg, L. Peers increase adolescent risk taking by enhancing activity in the brain’s
reward circuitry. Dev. Sci. 14, F1-10 (2011).
6. Chung, D., Christopoulos, G. I., King-Casas, B., Ball, S. B. & Chiu, P. H. Social signals of safety and risk confer utility and have
asymmetric effects on observers’ choices. Nat. Neurosci. 18, 912-916 (2015).
7. Strickland, J. C. & Smith, M. A. Animal models of social contact and drug self-administration. Pharmacol. Biochem. Behav. 136,
47-54 (2015).
8. Izuma, K,, Saito, D. N. & Sadato, N. Processing of the incentive for social approval in the ventral striatum during charitable dona-
tion. J. Cogn. Neurosci. 22, 621-631 (2010).
9. Ogawa, A, Ueshima, A., Inukai, K. & Kameda, T. Deciding for others as a neutral party recruits risk-neutral perspective-taking:
Model-based behavioral and fMRI experiments. Sci. Rep. 8, 1-10 (2018).
10. Zhang, X. et al. Gain-loss situation modulates neural responses to self-other decision making under risk. Sci. Rep. 9, 1-9 (2019).
11. Sokol-Hessner, P. & Rutledge, R. B. The psychological and neural basis of loss aversion. Curr. Dir. Psychol. Sci. 28, 20-27 (2019).
12. Kahneman, D. & Tversky, A. Prospect theory: An analysis of decision under risk. Econ. J. Econ. Soc. (1979).
13. Harrison, G. W,, Johnson, E., McInnes, M. M. & Rutstrom, E. E. Temporal stability of estimates of risk aversion. Appl. Fin. Econ.
Lett. 1,31-35 (2005).
14. Sokol-Hessner, P. et al. Thinking like a trader selectively reduces individuals’ loss aversion. Proc. Natl. Acad. Sci. U.S.A. 106,
5035-5040 (2009).
15. Sokol-Hessner, P, Raio, C. M., Gottesman, S. P,, Lackovic, S. E. & Phelps, E. A. Acute stress does not affect risky monetary decision-
making. Neurobiol. Stress 5, 19-25 (2016).
16. Brooks, H. R. & Sokol-Hessner, P. Quantifying the immediate computational effects of preceding outcomes on subsequent risky
choices. Sci. Rep. 10, 9878 (2020).
17. van den Bos, W. & Hertwig, R. Adolescents display distinctive tolerance to ambiguity and to uncertainty during risky decision
making. Sci. Rep. 7, 40962 (2017).
18. Scheibehenne, B. & Pachur, T. Using Bayesian hierarchical parameter estimation to assess the generalizability of cognitive models
of choice. Psychon. Bull. Rev. 22, 391-407 (2015).
19. Echterhoff, G., Higgins, E. T. & Levine, J. M. Shared reality: Experiencing commonality with others” inner states about the world.
Perspect. Psychol. Sci. 4, 496-521 (2009).
20. Higgins, E. T. Self-discrepancy: A theory relating self and affect. Psychol. Rev. 94, 319 (1987).
21. Stone, EricR. & Allgaier, L. A Social values analysis of self-other differences in decision making involving risk. Basic Appl. Soc.
Psychol. 30, 114-129 (2008).
22. Aron, A, Aron, E. N, Tudor, M. & Nelson, G. Close relationships as including other in the self. J. Pers. Soc. Psychol. 60, 241-253
(1991).
23. Aron, A., Aron, E. N. & Smollan, D. Inclusion of Other in the Self Scale and the Structure of Interpersonal Closeness. 63, 596-612
(1992).
24. Fareri, D. S., Chang, L. ]. & Delgado, M. R. Computational substrates of social value in interpersonal collaboration. J. Neurosci. 35,
8170-8180 (2015).
25. Shabh, J. Automatic for the people: How representations of significant others implicitly affect goal pursuit. J. Pers. Soc. Psychol. 84,
661 (2003).
26. Baumeister, R. & Leary, M. The need to belong: Desire for interpersonal attachments as a fundamental human motivation. Psychol.
Bull. 117, 497-529 (1995).
27. Montinari, N. & Rancan, M. Risk taking on behalf of others: The role of social distance. J. Risk Uncertain 57, 81-109 (2018).
28. Powers, K. E. et al. Consequences for peers differentially bias computations about risk across development. J. Exp. Psychol. Gen.
147, 671-682 (2018).
29. Guassi Moreira, J. F, Tashjian, S. M., Galvéan, A. & Silvers, ]. A. Parents versus peers: assessing the impact of social agents on deci-
sion making in young adults. Psychol. Sci. 29, 1526-1539 (2018).

Scientific Reports |

(2022) 12:14361 | https://doi.org/10.1038/s41598-022-18437-9 nature portfolio


https://osf.io/39b2g/

www.nature.com/scientificreports/

30. Guassi Moreira, J. F, Tashjian, S. M., Galvéan, A. & Silvers, J. A. Computational and motivational mechanisms of human social
decision making involving close others. J. Exp. Soc. Psychol. 93, 104086 (2021).

31. Sokol-Hessner, P., Hartley, C. A., Hamilton, J. R. & Phelps, E. A. Interoceptive ability predicts aversion to losses. Cogn. Emot. 29,
695-701 (2015).

32. Kable, J. W. & Levy, I. Neural markers of individual differences in decision-making. Curr. Opin. Behav. Sci. 5, 100-107 (2015).

33. Fareri, D. S., Niznikiewicz, M. A, Lee, V. K. & Delgado, M. R. Social network modulation of reward-related signals. J. Neurosci.
32,9045-9052 (2012).

34. Tversky, A. & Kahneman, D. Advances in prospect theory: Cumulative representation of uncertainty. J. Risk Uncertain. 5, 297-323
(1992).

35. Hsee, C. & Weber, E. A Fundamental prediction error: Self-others discrepancies in risk preference. J. Exp. Psychol 126, (2006).

36. Smith, A. R,, Steinberg, L., Strang, N. & Chein, J. Age differences in the impact of peers on adolescents” and adults’ neural response
to reward. Dev. Cogn. Neurosci. 11, 75-82 (2015).

37. Anacker, A. M. J,, Loftis, J. M. & Ryabinin, A. E. Alcohol intake in prairie voles is influenced by the drinking level of a peer. Alcohol
Clin. Exp. Res. 35, 1884-1890 (2011).

38. Testing Risk- and Ambiguity-Attitude Across Adolescence. Blankenstein, N. E., Crone, E. A., Bos, W. van den & Duijvenvoorde,
A. C. K. van. dealing with uncertainty. Dev. Neuropsychol. 41, 77-92 (2016).

39. Sokol-Hessner, P., Camerer, C. F. & Phelps, E. A. Emotion regulation reduces loss aversion and decreases amygdala responses to
losses. Soc. Cognit. Affect. Neurosci. 8, 341-350 (2013).

40. Chen, G. et al. Hyperbolic trade-off: the importance of balancing trial and subject sample sizes in neuroimaging. Neurolmage
118786 (2021) https://doi.org/10.1016/j.neuroimage.2021.118786.

41. Holt, C. A. & Laury, S. K. Risk aversion and incentive effects. American economic review (2002).

42. Starzyk, K. B., Holden, R. R., Fabrigar, L. R. & Macdonald, T. K. The personal acquaintance measure: A tool for appraising one’s
acquaintance with any person. J. Pers. Soc. Psychol. 90, 833-847 (2006).

43. Weber, E. U, Blais, A.-R. & Betz, N. E. A Domain-specific risk-attitude scale: Measuring risk perceptions and risk behaviors. J.
Behav. Decis. Making (2002).

44. Davis, M. Measuring individual differences in empathy: evidence for a multidimensional approach. J. Pers. Soc. Psychol. 44, 113-126
(1983).

45. Rosenberg, M. Society and the adolescent self-image. (Princeton University Press, 1965).

46. Carver, C. & White, T. Behavioral inhibition, behavioral activation, and affective responses to impending reward and punishment:
The BIS/BAS scales. J. Pers. Soc. Psychol. 67, 319-319 (1994).

47. Christie, R. & Geis, F. Studies in Machiavellianism. (Academic Press, 1970).

48. The Jamovi Project. (2020).

49. Wiecki, T. V,, Sofer, I. & Frank, M. ]. HDDM: Hierarchical Bayesian estimation of the drift-diffusion model in python. Front.
Neuroinform. 7, (2013).

50. Ahn, W.-Y,, Krawitz, A., Kim, W., Busemeyer, J. R. & Brown, ]. W. A model-based fMRI analysis with hierarchical Bayesian param-
eter estimation. J. Neurosci. Psychol. Econ. 4, 95 (2011).

51. Nilsson, H., Rieskamp, J. & Wagenmakers, E.-]. Hierarchical Bayesian parameter estimation for cumulative prospect theory. J.
Math. Psychol. 55, 84-93 (2011).

52. Stan Development Team. RStan: the R interface to Stan. (2015).

Acknowledgements
This work was supported by grants from the Adelphi University Faculty Development Program (7-7310) and
the National Institute of Mental Health (R15-MH122927) to DSE.

Author contributions
D.S.E and P.S.H. designed the experiment. D.S.F. oversaw implementation of the experiment and data collection.
J.S. assisted with data collection. D.S.F, J.S. and P.S.H. analyzed the data and wrote the paper.

Funding
This article was funded by National Institute of Mental Health, United States, MH122927, Adelphi University,
United States.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-18437-9.

Correspondence and requests for materials should be addressed to D.S.E
Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:14361 | https://doi.org/10.1038/s41598-022-18437-9 nature portfolio


https://doi.org/10.1016/j.neuroimage.2021.118786
https://doi.org/10.1038/s41598-022-18437-9
https://doi.org/10.1038/s41598-022-18437-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Choosing for others changes dissociable computational mechanisms underpinning risky decision-making
	Results
	Manipulation checks: self-report measures. 
	Post-session ratings. 
	Hierarchical Bayesian estimation. 
	Model 1: fixed effects of social factors on decision-making computations. 
	Model 2: individual differences and the relationships between decision computations and social cognitive measures. 


	Discussion
	Methods
	Participants. 
	Procedure. 
	Gambling task. 
	Conditions. 

	Post-task measures and payment. 
	Behavioral analyses. 
	Subjective ratings. 
	Choice analyses: Bayesian estimation. 
	Model 1: Fixed effects of social factors on decision-making computations. 
	Model 2: individual differences and the relationships between decision computations and social cognitive measures. 


	References
	Acknowledgements


