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RESEARCH ARTICLE

The neuronal dynamics of different types of incentives on risk-taking: comparing 
financial and social rewards using fMRI
Niels Doehring a,b, Peter Erharda and Manfred Herrmanna

aDepartment of Neuropsychology and Behavioral Neurobiology, University of Bremen, Bremen, Germany; bInstitute for Information Systems 
(WIN), Karlsruhe Institute of Technology, Karlsruhe, Germany

ABSTRACT
Risk-taking behavior varies across different life domains, yet neuroimaging research has primarily 
focused on financial incentives, thus limiting our understanding of the neural basis for domain- 
specific risk-taking. This study investigates whether neural correlates of risk-taking differ between 
financial and social incentive domains using functional magnetic resonance imaging (fMRI). Thirty- 
nine participants completed an adapted Balloon Analogue Risk Task with financial (monetary 
rewards) and social (gifts for children) incentive conditions. Behavioral data show that participants 
demonstrate less risk-seeking behavior in the social compared to financial condition. 
Neuroimaging results revealed both domain-general and domain-specific components of risk 
processing. A conjunction analysis of both incentive conditions identified a common neural net
work across both incentive types, including bilateral striatum, dorsal anterior cingulate cortex, and 
left insular cortex, supporting theories of domain-general risk processing mechanisms. Contrasting 
both reward conditions revealed significantly stronger activation in the right inferior parietal lobule 
during financial compared to social risk-taking, thus indicating a neural substrate for domain- 
specific risk preferences. These data might bridge the gap between behavioral evidence for 
domain-specific risk-taking and neuroimaging research, highlighting the importance of consider
ing the type of incentives when studying risk behavior and its neural correlates.
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Introduction

Risk-taking behavior occurs in various domains of daily 
life, including financial investments, health-related 
choices, and social interactions. It has received significant 
attention in various research domains due to its relevance 
for understanding normative decision-making processes 
(Fischhoff & Broomell, 2020), as well as its contribution to 
harmful behaviors in several psychiatric conditions, 
including attention deficit hyperactivity disorder, bipolar 
disorder, and substance abuse disorders (Ashenhurst 
et al., 2011; Pollak et al., 2020; Reddy et al., 2014).

Several meta-analyses of functional magnetic reso
nance imaging (fMRI) studies have confirmed 
a network of brain regions involved in risk-related deci
sion-making. This network includes, amongst others, the 
dorsomedial prefrontal cortex (dmPFC), the dorsal ante
rior cingulate cortex (dACC, cf. Clairis & Lopez-Persem,  
2023), the insula, and the ventral striatum (Poudel et al.,  
2020; Wu et al., 2021). Within this network, the dACC is 
understood to be involved in monitoring and updating 
mental models of the current environment (Kolling et al.,  
2016), while the insula might play a role in affective 

processing during risk decisions, as also shown by lesion 
studies where patients with damage to the insula 
demonstrated diminished sensitivity to expected value 
in the loss domain (von Siebenthal et al., 2017). The 
caudate nucleus as part of the striatum is supposed to 
be involved in reward processing, valuation, and action 
selection during decision-making (Balleine et al., 2007; 
Lau & Glimcher, 2008; Liu et al., 2011).

Previous neuroimaging research has predominantly 
focused on financial or token incentives. With behavioral 
evidence suggesting domain specificity in risk-taking 
propensity, the focus on financial incentives is of only 
limited value with respect to everyday life situations. 
A systematic review by Chandrakumar et al. (2018) 
found no fMRI studies examining risk-taking with non- 
financial incentives, a finding that was also corroborated 
by later review studies implying financial incentives or 
no incentive at all besides virtual points (Poudel et al.,  
2020; Wu et al., 2021).

The scientific issue of domain generality versus domain 
specificity in risk-taking still remains under debate. The 
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domain-specific risk-taking scale (DOSPERT; Blais & Weber,  
2006) measures risk preferences across different domains 
and shows limited consistency across them, indicating 
that individuals may exhibit different risk preferences 
depending on the respective context of decision making. 
Some data, however, support a domain-general trait-like 
risk-taking propensity (Mata et al., 2018; Zhang et al.,  
2019), while others emphasize domain-specific effects 
(Friedl et al., 2020; Sevi & Shook, 2021; Shou et al., 2022). 
Nicolaou and Shane (2019) identified common genetic 
components accounting for an association between gen
eral and domain-specific risk-taking, while acknowledging 
a relevant domain-specific variance.

Several studies demonstrated an effect of the type of 
incentives on risk-taking behavior, using both behavioral 
and neuroimaging data. On the behavioral level, unplea
sant odors as negative incentive decreased participants’ 
sensitivity to the probability of losses and led to stronger 
deviations from optimal behavior (von Helversen et al.,  
2020). Similarly, non-financial rewards lead to decreased 
risk-taking compared to financial incentives (Rosati & 
Hare, 2016). On the neural level, it has been well estab
lished that rewards from different domains activate lar
gely overlapping, but in part dissociable neural networks 
(Flores et al., 2015; Gu et al., 2019; Rademacher et al.,  
2010).

Despite behavioral evidence for incentive-dependent 
differences in risk-taking, the question of whether neural 
correlates of risk-taking depend on the incentive domain 
remains, to the best of the authors’ knowledge, not 
systematically investigated. This represents a gap in the 
literature, as it limits the generalizability of findings from 
laboratory studies to real-world risk-taking situations 
where incentives are often of non-financial nature. 
Understanding the neural basis of domain specificity in 
risk-taking could thus improve our understanding of 
maladaptive risk behaviors across various contexts and 
could provide possible evidence of intervention 
strategies.

The present study tries to address this gap by com
paring neural correlates of risk-taking behavior between 
both financial and social incentives. To achieve this goal, 
fMRI measurements were taken while participants com
pleted the Balloon Analogue Risk Task (BART; Lejuez 
et al., 2002), an established measure of risk-taking beha
vior. Similarly to prior fMRI studies on the BART, a passive 
condition where participants did not have to make 
a decision but only had to press a button was introduced 
for contrasting (cf. Rao et al., 2008, 2018).

On a behavioral level, the study was based on the 
following hypothesis: Risk-taking propensity was 
expected to differ between social and financial incentive 
conditions. This hypothesis is based on established 

domain-specific variations in risk preferences (Blais & 
Weber, 2006) and further evidence that risk-taking beha
vior is modulated by social context (Haddad et al., 2014; 
Zhang et al., 2019). Due to limited prior research directly 
comparing these particular incentive types, the direction 
of this effect was not specifically predicted.

Additionally, response time differences between the 
different conditions were analyzed. Active trials were 
expected to elicit longer response times than passive 
trials due to additional cognitive demands of decision- 
making (Kyllonen & Zu, 2016). Regarding incentive type, 
prior literature provided insufficient basis for directional 
predictions. Zhang et al. (2019) found no response time 
differences between self- and other-directed risk-taking, 
but the difference between incentive types in the pre
sent study is larger compared to their design. Response 
time differences between incentive types were thus 
analyzed without specific directional hypotheses.

With respect to the neuroimaging data, we hypothe
sized a significant overlap of neural activation patterns 
between financial and social risk-taking conditions, 
reflecting domain-general risk processing mechanisms 
(Mata et al., 2018; Nicolaou & Shane, 2019) and aligned 
with findings on incentive-independent reward anticipa
tion networks (Gu et al., 2019). This common network 
was expected to include the dACC and the dorsolateral 
prefrontal cortex (dlPFC), areas associated with strategy 
adaptation and implementation independent of the 
type of reward (Kolling et al., 2016; Voloh et al., 2015).

We further expected differences in neural activation 
patterns between incentive conditions, particularly in 
reward-processing regions. Based on evidence for incen
tive-dependent activation during reward consumption 
(Flores et al., 2015; Rademacher et al., 2010), the insular 
cortex and nucleus accumbens (NAcc) were proposed as 
candidate regions.

When contrasting active and passive risk-taking 
within each incentive condition, we expected an activa
tion in a network similar to that identified in previous 
risk-taking studies (Poudel et al., 2020; Wu et al., 2021) 
and studies using a similar design and contrast condition 
(Rao et al., 2008), encompassing right dlPFC, bilateral 
dACC, dorsomedial prefrontal cortex, insula, striatum, 
and the right superior parietal lobule.

Materials and methods

Participants

The study included 39 participants (28 female, 11 male), 
with a mean age of 23.9 years (SD = 3.8, range 19–33  
years). Participants were primarily recruited through uni
versity mailing lists, mostly from the student population 
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at the University of Bremen. The study was approved by 
the local ethics committee (approval no. 2019–14) and 
participants gave informed consent in accordance with 
the Declaration of Helsinki.

Participation was restricted to individuals between 18 
and 35 years of age to control for age-related effects on 
risk-taking behavior and associated neural activity, 
which have been documented in previous research 
(Best & Charness, 2015). As compensation, participants 
received the monetary rewards accumulated during the 
financial incentive condition, a certificate stating the 
number of gift bags earned in the social condition, and 
students enrolled in psychology programs additionally 
received course credit. All participants provided written 
informed consent prior to participation, and the study 
was approved by the ethics committee of the University 
of Bremen.

Stimuli – the adapted Balloon Analogue Risk Task 
(BART)

The present study employed an adapted version of the 
BART designed for fMRI measurement. The BART is an 
established risk-taking design with demonstrated exter
nal validity (Aklin et al., 2005; Skeel et al., 2008). In this 
task, participants decide whether to continue inflating 
a virtual balloon (increasing potential reward but also 
increasing risk of loss) or cash out their accumulated 
reward. We modified this paradigm to create compar
able conditions with either financial incentives (money) 
or social incentives (rewards benefiting others), allowing 
for direct comparison of neural activation patterns dur
ing risk-taking decisions across these domains.

In each trial, participants were presented with 
a virtual balloon that could be inflated to accumulate 
reward (see Figure 1). Participants were asked to imagine 
themselves at a funfair with an inflation machine, where 
they either sold balloons to adults (financial incentive) or 

presented them as gifts to children (social incentive). 
Each inflation increased the potential reward but also 
the probability of a balloon explosion, at which point all 
accumulated reward for that balloon would be lost. After 
each successful inflation, participants were shown the 
current worth of the balloon and were prompted again 
with the question whether they wanted to continue 
inflating it.

The task included both active trials, where partici
pants made inflation decisions, and passive trials, 
where they observed the same stimuli but always 
pressed the same button and decisions were made auto
matically for them. This passive condition served as 
a control task to segregate neural activity specifically 
related to risk-based decision-making while controlling 
for reward anticipation and consumption (cf. Lei et al.,  
2017; Rao et al., 2008, 2018). Balloon color changed 
between yellow and blue depending on the condition 
(active/passive), with colors counterbalanced across 
participants.

Before the experiment started, participants were 
instructed about the task, and gave informed consent 
to participate. Questionnaires on MRI safety and demo
graphics were completed by the participants, followed 
by detailed instructions on the procedure and 12 prac
tice trials outside the scanner to ensure task understand
ing. After participants were positioned inside the 
scanner, structural T1 scans were taken prior to fMRI to 
familiarize participants with the scanner environment. 
The whole experiment duration was around 90 minutes, 
with the BART taking 30–35 minutes, depending on par
ticipants’ responses and reaction times.

The experimental design consisted of 120 balloons in 
total, resulting in 30 balloons for each of the experimen
tal conditions (social-active, social-passive, financial- 
active, financial-passive). Balloons could be inflated 
between 2 and 9 times before explosion, with an aver
age of 5.5 inflations. The maximum balloon sizes were 

Figure 1. Experimental design showing a trial with financial incentive. Images are cropped for presentation purposes: the screen used 
in the pilot- and fMRI study had an aspect ratio of 4:3 Balloon trials were separated by a 3000 ms ± 1500 ms ITI.
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predetermined, with an equal number of balloons burst
ing at each size. Passive balloon inflation stopped after 4, 
5, or 6 inflations, with half of the passive balloons 
exploding.

The design was split into two halves with counter
balanced presentation order across participants. Trial 
order was pseudo-randomized but kept consistent 
within each counterbalancing group. The experimental 
session included 3 breaks – one every 30 balloons – 
during which the cumulative earnings from both social 
and financial conditions were displayed.

Each trial began with two 1.5-s instruction screens. 
The first screen indicated whether the upcoming balloon 
condition was active or passive, while in the second the 
incentive type was indicated using adult or child stick- 
figure images according to the scenario explained 
above. After the instruction screens, a small balloon 
with a question mark indicated that participants had to 
decide if they wanted to inflate the balloon or not. 
A decision to inflate was always followed by a fixation 
cross displayed for a randomly jittered 500 ± 200 ms 
period. In case the balloon exploded, an image of the 
broken balloon was displayed for 1500 ms, followed by 
“0.00€” or a neutral looking smiley face depending on 
the incentive condition and displayed in a red frame for 
1300 ms. In case of a successful inflation, the current 
reward was displayed for 1500 ± 300 ms, followed by 
a 500 ms animation of the balloon inflating, before the 
question mark reappeared indicating that the next deci
sion was expected. In case the decision was to stop 
inflating the balloon, amount won was displayed within 
a green frame, shown for 1300 ms and followed by the 
next trial. Trials were separated by a 3 ± 1.5 s inter trial 
interval (ITI; see Figure 1). An abbreviated example trial 
can be found in Figure 1.

Participants were asked to make their decisions 
within a 4-s time window. Otherwise, a screen 
showed “Zu langsam” (German for “too slow”), the 
reward for the current balloon was lost, and the 
next balloon trial started. Financial rewards were dis
played as Euro amounts in a yellow circle, while social 
rewards were represented by a smiley face, with the 
smile being more intense as the balloon grew larger. 
The smiley face was chosen to make the incentives 
more distinct, while keeping the visual stimulus – 
a yellow circle with black lines – as similar as possi
ble. Participants received monetary rewards in the 
financial condition, while for the social condition 
they were informed that gift bags containing toys 
would be distributed to children based on their per
formance. The amount of gift bags received was cal
culated similarly to the number of Euros, with one 
gift bag equaling one Euro.

Responses were communicated via button presses 
using the right index, middle, and ring fingers on 
a three-button response device, with two buttons for 
inflating/stopping inflation and one button for the pas
sive condition. Button-response mapping was counter
balanced across participants. Stimuli were presented via 
projection onto a screen visible to participants through 
a mirror mounted on the head coil. The experiment was 
scripted in Octave (Version 4.2.1) using Psychophysics 
Toolbox extensions running on Ubuntu 18.04.

After the measurement, participants rated how moti
vating they found each incentive type on a 10-point 
Likert-scale.

Behavioral data analysis

Behavioral analyses were conducted in R (version 3.6.3; 
R Core Team, 2020) with RStudio (version 1.1.456; 
RStudio Team, 2016). Assumptions of normality were 
checked with Shapiro Wilk tests where necessary.

We calculated relative burst-scores for each partici
pant as an estimate of risk-taking propensity (number of 
exploded balloons divided by total number of balloons, 
cf. Schmitz et al., 2016). If participants missed the 
response time window, the trial was omitted from ana
lyses of risk-taking propensity. Burst scores in active trials 
were compared between the different incentive condi
tions with paired t-tests.

Differences in response times in the four conditions 
resulting from the two factors – trial type (active/passive) 
and incentive (financial/social) – were investigated using 
a 2 × 2 repeated measures analysis of variance (ANOVA).

fMRI scanning parameters

Functional MRI data were acquired using a Siemens 
Magnetom Skyra 3-Tesla scanner. Structural T1- 
weighted images were collected with 1 mm isometric 
voxel size (repetition time [TR] = 2400 ms, echo time 
[TE] = 2.43 ms, inversion time [TI] = 900 ms, flip angle =  
8°, field of view [FOV] = 256 × 256 mm, 176 slices, 1 mm 
slice thickness). For functional measurements, an echo- 
planar imaging (EPI) sequence was employed with 
a GRAPPA acceleration factor of two (TE = 30 ms, TR =  
2500 ms, 46 interleaved slices). The scanning was 
oriented parallel to the anterior and posterior commis
sure (AC-PC). Functional data were collected as 3 mm 
isometric voxels in a 64 × 64 in-slice field of view and 
a 3 mm slice thickness. The number of volumes varied 
between participants due to differences in response 
times and decisions, with approximately 816 volumes 
per participant.
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fMRI pre-processing and analysis

All fMRI data analyses were conducted in AFNI (Cox,  
1996; Cox & Hyde, 1997). Preprocessing began with 
conversion of DICOM files to NIfTI format, followed by 
a defacing stage to ensure participant anonymity (cf. 
Theyers et al., 2021). Slice timing correction was applied 
before estimating movement parameters using rigid- 
body transformations. Movement estimates were saved 
for use in the later analysis. Volumes with head move
ment exceeding 0.3 mm within a single TR were omitted 
from later analysis with the use of one additional regres
sor added to the model, to account for the full variance 
within the omitted volume. Alignment of functional to 
structural data was performed using AFNI’s “lpc+ZZ” 
cost function (Saad et al., 2009), based on the functional 
volume with the minimal number of outlier voxels (+/- 3 
standard deviations from average). Structural normaliza
tion was based on the MNI152-2009c template (Fonov 
et al., 2011). Nonlinear warping was used for structural- 
to-template registration. Spatial smoothing was applied 
using an 8 mm full-width-half-maximum Gaussian ker
nel. Functional data were masked based on the struc
tural scan, and voxel-wise scaling was applied (cf. Chen 
et al., 2017).

For statistical analysis, a general linear model (GLM) 
approach was implemented. Periods of decision making, 
as well as positive-, and negative feedback were mod
eled separately for all four experimental conditions 
(social-active, social-passive, financial-active, financial- 
passive).

Decision periods preceding inflation decisions were 
modeled with two duration-modulated BLOCK regres
sors: a constant regressor for average effects and 
a mean-centered parametric regressor modulated by 
the balloon explosion probability. Feedback periods 
(positive and negative) were modeled with fixed- 
duration BLOCK regressors. Six motion parameters 
obtained in the motion estimation plus their derivatives 
were included into the GLM as nuisance regressors, 
along with Legendre polynomials for baseline 
detrending.

At the subject level, general linear tests were calcu
lated to compare parametric regressors in active versus 
passive trials within each incentive type. A group-level 
analysis comparing the differences of active and pas
sive risk-taking between social and financial incentives 
was calculated based on the subject-level results. All 
group-level analyses use a non-parametric cluster 
approach based on AFNIs 3dttest++ function. The clus
ter-forming threshold was set at p < .001, with cluster 
size thresholds calculated to keep false discovery rate 
below 5%. All tests were conducted two-sided.

Conjunction analyses were conducted to identify 
regions showing overlapping activation between incen
tive conditions. To this goal, the voxel-wise intersection 
of binarized statistical maps was calculated, retaining 
only voxels that were significant in all conditions 
(Nichols et al., 2005).

To establish reliability and to compare the findings 
with previous studies, whole-brain cluster analysis was 
also conducted for the contrast of parametric correlates 
of active and passive risk-taking within each incentive 
condition.

Hypotheses related to differences in activation 
between the incentive conditions were tested with 
region of interest (ROI) analyses. Extents of the regions 
of interest were defined using the human Brainnetome 
atlas (Fan et al., 2016), which parcellates the brain based 
on structural connectivity profiles. Atlas-based ROI defi
nitions were chosen over meta-analytically derived coor
dinates for several reasons: Our hypotheses refer to 
activation differences at the level of anatomical struc
tures (e.g., NAcc and insula) rather than replication of 
specific activation peaks from prior work, making anato
mically defined regions the more appropriate operatio
nalization. Second, for small structures such as the NAcc, 
spherical ROIs, whether centered on meta-analytic coor
dinates or the structures center of mass, risk including 
substantial proportions of adjacent regions (e.g., cau
date nucleus, putamen), whereas atlas parcels can 
respect anatomical boundaries derived from structural 
connectivity profiles.

Within each ROI, average beta estimates were calcu
lated for each subject and regressor of interest. The 
resulting values were compared in a 2 by 2 within sub
ject ANOVA with type II sums of squares, using incentive 
condition and activity as factors. Values were extracted 
for left and right insula (Brainnetome regions 163 to 
174), and the NAcc.

Results

Behavioral data analysis

The maximum response time of 4 s was exceeded in 31 
of all trials (0.17%). Out of 39 participants, 27 never 
missed a response time interval; the highest individual 
omission rate was 4.6%. No participants were excluded 
due to missing trials.

Measures of risk-taking propensity (relative burst- 
scores) were compared between active trials with finan
cial and social incentives. Burst-scores in both groups 
were normally distributed (W soc = .97, p soc = .44; 
W fin = .97, p fin = .15). A paired t-test shows significant 
differences between the two incentive types (t (38)=3.64, 
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p = .001). Participants were less risk seeking in the social 
incentive condition (m = 35%, sd = 8% points) compared 
to financial incentives (m = 39%, sd = 9% points). The 
results are illustrated in Figure 2.

Participants took on average 542 ms (sd = 384 ms) to 
decide. A 2 × 2 within subject ANOVA with the factors 
balloon type (active/passive) and incentive (financial/ 
social) found a main effect of balloon type (F(1,38) =  
37.33, p < .001, η p 2 = .50) and incentive (F(1,38) =  
10.82, p = .002, η p 2 = .22) on the response time. No 
significant interaction was observed (F(1,38) = .01, p  
= .091). Participants took longer for active compared to 

passive (mact = 592 ms, sdact = 186 ms; mpas = 492 ms, 
sdpas = 146 ms) and social compared to financial trials 
(msoc = 552 ms, sdsoc = 175 ms; mfin = 532 ms, sdfin =  
174 ms). Data on response times are illustrated in 
Figure 3.

Participants self-reported how motivated they were 
by the different incentives after the measurement. 
Motivation did not differ significantly between social 
(M = 7.8, SD = 2.09) and financial (M = 7.42, SD = 1.92) 
incentives (t(38) = 0.94, p = .35).

fMRI data analysis

Risk-taking with financial incentives
Six clusters of significant differences in beta-estimates 
were found when contrasting active and passive risk- 
taking with financial incentives. For all clusters, beta- 
estimates were higher in the active compared to the 
passive condition. Clusters were located in the left stria
tum expanding to the left anterior insula, in the right 
striatum, dorsal anterior cingulate cortex (dACC), right 
insular cortex and bilaterally in the occipital cortex. 
Detailed information on cluster size, extent, and peak 
coordinates can be found in Table 1 and Figure 2.

Risk-taking with social incentives
Seven clusters of significant differences were found by 
contrasting active and passive risk-taking within the 
social incentive conditions. Beta-estimates were higher 

Figure 2. Relative burst scores with financial and social incen
tives. Relative burst scores as a measure of risk taking, indicating 
the percentage of exploded balloons per participant, for both 
incentive conditions.

Figure 3. Boxplots of average response times in all conditions. Mean response times within each combination of conditions were 
calculated on the individual level.
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in the active condition in a large cluster encompassing 
larger parts of the occipital cortex and three smaller 
clusters: one in the bilateral dACC and right BA9, one 
including the left striatum, insula, inferior frontal gyrus 
(IFG), and the last in the right striatum. Beta estimates in 
the passive condition were significantly higher in three 
clusters located in the left hemisphere: inferior parietal 
lobule (IPL), middle and inferior frontal gyrus. The exact 
location of peaks and detailed information on the cluster 
extent can be found in Table 1 and Figure 4.

Contrast and conjunction analyses of risk-taking with 
social and financial incentives
Contrasting the data of the prior analyses on financial 
and social incentive types resulted in a single cluster in 
the right IPL (BA 39/40, see Figure 5 and Table 1).

A conjunction analysis was calculated to compare the 
contrasts of active and passive risk-taking of both incen
tive conditions. Five clusters of overlapping activation 
were found, located in the dACC, bilateral striatum and 
bilateral OC. Again, details can be found in Table 1. The 
findings are depicted in Figure 6.

Region of interest analyses
We conducted 2 × 2 repeated-measures ANOVAs 
(Incentive [financial, social] × Activity [active, passive]) 
with Type II sum of squares to examine activation 
patterns across left and right NAcc and left and 
right insula. Homogeneity of variance was confirmed 
by Levene’s test for all regions (all _p_s > .72). Across 
all four brain regions, we found a consistent signifi
cant main effect of activity, with higher beta 

estimates in the active compared to passive condi
tions. The effect sizes ranged from small to medium 
(η2

p = .065 to .119). No significant main effects of 
incentive or incentive × activity interactions were 
observed indicating that brain activity was similar 
across both financial and social domains. The detailed 
results can be found in Table 2.

Discussion

This study investigated the impact of different types of 
incentives on risk-taking behavior and their neural cor
relates. Our findings largely supported our hypotheses, 
confirming behavioral differences between incentive 
domains and identifying both domain-general and 
domain-specific neural networks involved in risk 
processing.

On the behavioral level, when incentives were 
social compared to financial, participants exhibited 
less risk-seeking behavior and took longer to respond 
(see Figures 2 and 3). Neuroimaging data revealed 
both similarities and differences across the respective 
incentive conditions. We identified a domain-general 
risk-taking network – active regardless of the incen
tive type, and encompassing the bilateral striatum, 
dorsal anterior cingulate cortex (dACC), and left insu
lar cortex. Additionally, we found a significant differ
ence in neural activation between conditions in the 
right inferior parietal lobule (IPL) with stronger acti
vation during financial compared to social risk-taking. 
These data might help to advance our understanding 

Table 2. _ANOVA results and descriptive statistics for brain activation by region, incentive, and activity.
Region Effect F (1,8) p η2

p Descriptive Statistics

Left NAcc Incentive 0.28 .600 .001 F: M = 0.002, SD = 0.016 
S: M = 0.001, SD = 0.017

Activity 14.22 <.001 .119 A: M = 0.007, SD = 0.016 
P: M = −0.004, SD = 0.014

Interaction 0.80 .377 .003
Right NAcc Incentive 0.47 .497 .002 F: M = 0.003, SD = 0.024 

S: M = 0.005, SD = 0.023
Activity 9.31 .004 .075 A: M = 0.010, SD = 0.023 

P: M = −0.003, SD = 0.023
Interaction 0.72 .403 .003

Left Insula Incentive 0.46 .500 .002 F: M = 0.000, SD = 0.010 
S: M = 0.001, SD = 0.009

Activity 10.38 .003 .084 A: M = 0.004, SD = 0.010 
P: M = −0.002, SD = 0.009

Interaction 0.01 .934 <.001
Right Insula Incentive 1.14 .293 .005 F: M = 0.001, SD = 0.010 

S: M = 0.002, SD = 0.009
Activity 8.44 .006 .065 A: M = 0.004, SD = 0.010 

P: M = −0.001, SD = 0.009
Interaction 0.70 .407 .005

NAcc = nucleus accumbens. F = financial incentive, S = social incentive, A = active risk-taking, p = passive risk-taking, M = mean, 
SD = standard deviation. Mean values represent parameter estimates of neural activation. Significant effects (p < .05) are 
printed in bold.
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of domain-general and domain-specific components 
of neural risk processing.

Behavioral differences between financial and 
social risk-taking

Participants demonstrated lower risk-taking propensity 
in the social incentive condition compared to the finan
cial incentive condition, with significantly fewer balloons 

exploding in the social condition (35 vs 39%; p = .001). 
This data confirms our behavioral hypothesis, demon
strating that risk-taking propensity differed between 
incentive domains, and thus adds further data to the 
growing literature on domain-specific risk-taking (Blais 
& Weber, 2006; Sevi & Shook, 2021).

In alignment with these findings, Rosati and Hare 
(2016) reported significantly lower risk-taking propensity 
for non-financial compared to financial incentives. They 

Figure 4. Activation pattern derived from contrasting within the social incentive conditions. Significant differences in beta-estimates 
of active > passive risk-taking within the social incentive condition, superimposed on the MNI152-2009c brain. Blue colors indicate 
higher activation in the passive condition, red colors indicate higher activation in the active condition.

Figure 5. Activation pattern derived from contrasting the financial incentive conditions. Significant differences in beta-estimates of 
active > passive risk-taking within the financial incentive condition, superimposed on the MNI152-2009c brain.

Figure 6. Contrast and conjunction comparing financial and social incentive conditions. Significant differences and commonalities of 
the social and financial risk-taking contrasts, superimposed on the MNI152-2009c brain.

SOCIAL NEUROSCIENCE 9



attribute this difference to the special status of financial 
rewards, which enables the acquisition of other rewards, 
such as buying food. Similarly, von Helversen et al. 
(2020) found decreased sensitivity to probabilities of 
losses when outcomes were related to affectively rich 
stimuli (odors) in contrast to monetary incentives. The 
present findings extend this research by demonstrating 
that social incentives can also lead to more conservative 
risk-taking behavior compared to financial incentives.

A difference in decision making between the condi
tions is furthermore corroborated by a significant differ
ence in response times. Participants took overall longer 
in the social condition.

Several explanations could account for these beha
vioral differences. Beyond domain-specificity, partici
pants might have perceived the value of social rewards 
to be different. Furthermore, prior research shows that 
different heuristics are used when making decisions 
affecting other people (Vieider et al., 2016), potentially 
resulting in the here observed behavioral differences.

Type of incentives and the domain-general 
risk-taking network

A conjunction analysis revealed overlapping activation 
across incentive conditions in multiple brain regions, 
including the bilateral striatum, dACC, and left insular 
cortex. This finding largely supports one of our hypoth
eses, which predicted an overlap in neural activation 
patterns between financial and social risk-taking condi
tions, particularly in the dACC. However, we did not 
observe the hypothesized common activation in the 
dlPFC. This pattern of shared activation aligns with 
prior meta-analyses on risk-taking (Poudel et al., 2020; 
Wu et al., 2021), suggesting a domain-general network 
for risk processing being in charge regardless of the type 
of incentives.

The dACC was demonstrated to show consistent 
activation during risk-taking irrespective of incentive 
type. This data is in line with its role in strategy 
monitoring and adaptation (Kolling & O’Reilly, 2018; 
Kolling et al., 2016). The dACC has been extensively 
linked to various tasks involving cognitive control as 
part of the executive control network (Shenhav et al.,  
2013; Smith et al., 2019). Specifically, in a risk-taking 
context the dACC appears to monitor the current 
environment and signals when strategic adjustments 
are needed (Kolling et al., 2016), a function that, 
based on the present findings, seems to operate 
regardless of whether incentives are financial or social 
in nature.

Bilateral striatal activation was observed in both 
incentive conditions, predominantly in the caudate 
nucleus and extending to the nucleus accumbens. The 
striatum plays a well-established role in reward proces
sing, valuation, and action selection during decision- 
making (Balleine et al., 2007; Lau & Glimcher, 2008; Liu 
et al., 2011). The finding of a striatal activation in both 
conditions supports the view that a common valuation 
network processes rewards across different domains. 
This finding is consistent with the common currency 
hypothesis (Berridge & Kringelbach, 2013), which pro
poses that the representation of value and motivation 
involves partially domain-independent neural 
processing.

The left insular cortex was also consistently acti
vated across incentive conditions. The insula has 
been linked to affective processing during risky deci
sions (Clark et al., 2014; von Siebenthal et al., 2017), 
and lesion studies have shown that patients with 
insular damage demonstrate diminished sensitivity 
to expected value, particularly in loss domains of risk- 
taking (von Siebenthal et al., 2017). The consistent 
recruitment of the left insular cortex in the present 
study suggests that affective processing has to be 
considered a core component of risk evaluation for 
both incentive types.

ROI analyses demonstrated that both left and right 
NAcc and insular cortex showed a significant main 
effect (active vs. passive conditions) but no significant 
interactions with incentive type. This data further 
supports the domain-general nature of these regions 
in risk processing. The whole-brain analysis revealed 
activation in the right anterior insula (aINS) in the 
financial but not the social incentive condition. This 
apparent discrepancy likely reflects thresholding 
effects in the whole-brain analysis rather than 
a strong functional dissociation, based on the statis
tical comparison of both conditions in the whole 
brain contrast and the absence of a significant inter
action in the ROI analysis.

The overlapping activation in the occipital cortex 
across both conditions likely reflects increased visual 
attention to the balloon size in active compared to 
passive trials. This attention-related increase in visual 
cortex activation has been well-documented in various 
studies (e.g., Green et al., 2017; Hembrook-Short et al.,  
2019).

The identification of a domain-general network sub
stantiates theories proposing that risk-taking involves 
core neural mechanisms that operate across various 
contexts (Mata et al., 2018; Zhang et al., 2019). Our 
findings also align with research on reward anticipation, 
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which has identified similar domain-general networks 
(Gu et al., 2019), suggesting parallels between reward 
anticipation and risk-taking processes regarding differ
ent incentive domains.

Incentive domain-specific activation in the right 
IPL

The contrast between incentive conditions revealed 
a significant difference in neural activation pattern in 
the right inferior parietal lobule (IPL; BA 39/40) This 
finding partially supports our second hypothesis on neu
ronal patterns, predicting incentive domain-specific acti
vation. However, while we hypothesized the insular 
cortex and NAcc as candidate regions for these differ
ences, we instead found the primary difference in the 
right IPL. This unexpected finding demonstrating 
a stronger activation during financial compared to social 
risk-taking points to a specific role of the right IPL in 
domain-specific aspects of risk-taking.

The right IPL cluster identified in the present study 
predominantly encompasses the caudal (A40c) and ros
trodorsal (A40rd) parts of BA40, brain areas also referred 
to as PFm and PFt in the Economo-Koskinas nomencla
ture (Caspers et al., 2013; Triarhou, 2007). Anatomically, 
the IPL can be divided into distinct subregions based on 
receptor distributions, with our present finding localized 
to regions spanning the rostroventral and intermediate 
IPL (Caspers et al., 2013). Functionally, the rostrodorsal 
part (A40rd) has been associated with action observation 
and imitation (Caspers et al., 2010; Molenberghs et al.,  
2009), while the caudal part (A40c) has been linked to 
switching between choice options (Boorman et al.,  
2009).

Recent work by Numssen et al. (2021) suggests that 
the right IPL can be functionally separated into anterior 
and posterior portions, with our cluster located at the 
border of these regions. The anterior IPL has been asso
ciated with attention shifting, while the posterior IPL is 
more involved in social cognition (Numssen et al., 2021). 
This functional division might give a hint to explain the 
differential activation patterns we observed between 
financial and social incentives, with the here identified 
brain area potentially representing an interface between 
attentional processes and social cognitive functions.

The heterogeneity in functional topography of the 
parietal cortex is documented in various studies 
(Dubois & Adolphs, 2016; Gilmore et al., 2021), also 
presenting substantial inter-individual variability. The 
right IPL forms part of the parietal memory network 
(PMN) (Gilmore et al., 2015), which consists of sepa
rate regions that largely differ in location between 

individuals (Gilmore et al., 2019, 2021). This hetero
geneity may be reflected in the individual differences 
in risk preferences across incentive domains. 
Supporting this line of argumentation, Rao et al. 
(2018) found genetic influences on neural activation 
patterns in the IPL during risk-taking using a twin 
study design.

Several alternative explanations for the observed IPL 
activation differences should be considered. Rather than 
reflecting domain-specificity per se, this finding might 
indicate differences in numerical processing demands 
between conditions, as the IPL is also shown to be 
involved in numerical cognition (Park et al., 2013). 
Additionally, the right IPL has been shown to be 
involved in attentional processes (Agosta et al., 2017), 
and the social and financial conditions may have 
imposed different attentional demands. Finally, the 
IPL’s role in the default mode network suggests that 
differences could reflect varying levels of self- 
referential processing between incentive conditions 
(Gilmore et al., 2019, 2021).

Taken together, our finding that right IPL activation 
differs between incentive conditions adds to the litera
ture of domain-specific risk-taking. The present data 
suggest that while core risk processing relies on 
a domain-general network, brain areas linked to memory 
and attentional processes such as the right IPL may serve 
as a neural substrate for domain-specific risk prefer
ences. Importantly, we had originally hypothesized that 
our ROI analyses of the insular cortex and NAcc would 
show domain-specific effects. However, they revealed no 
significant interactions between activation and incentive 
type, further supporting their domain-general role in risk 
processing.

Limitations and future research directions

Several limitations of the present study should be 
acknowledged. First, an inherent limitation of the BART 
design is that explosion probabilities must be learned by 
participants during task completion (Schonberg et al.,  
2011). Despite our efforts to minimize heterogeneity in 
participant characteristics that might affect learning 
(Mata et al., 2011), individual differences in probability 
learning likely influenced our data. In order to address 
this limitation, future studies could employ an experi
mental design where the probabilities are explicitly sta
ted (such as the angling risk task; Pleskac, 2008).

Second, the expected value of balloon inflation in our 
design changes with balloon size, thus creating 
a “tipping point” where risk-taking shifts from an adap
tive to a maladaptive strategy. Our parametric regressors 
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did not capture this qualitative difference, potentially 
not appropriately modeling effects related to advanta
geous versus disadvantageous risk-taking. Future 
research might specifically focus on these differences 
by modifying the design and analysis approach.

The financial and social conditions differ in both 
reward type and recipients, conflating incentive type 
with a self-other distinction studied previously in risk- 
taking (Ogawa et al., 2018; Zhang et al., 2019). Those 
studies keep reward type constant and describe the 
other as a similar individual (e.g., “another partici
pant”), finding no response time differences (Zhang 
et al., 2019) or a shift toward risk-neutrality (Ogawa 
et al., 2018). In the present study, behavioral effects 
were more pronounced with significant response 
time differences and lower risk-taking with social 
incentives, suggesting a broader distinction com
pared to the type of recipient alone. The findings 
likely reflect the deliberate maximization of condition 
differences through qualitatively different feedback 
(smiley faces vs. euro amounts) and dissimilar recipi
ents (pre-school children vs. the participant as part of 
the experiment) to reduce any expectation of recipro
city. Future studies could isolate these components 
by, for example, including a third condition where 
participants earn money for others.

A related concern is that the social condition may 
have been more ambiguous: financial rewards were 
communicated as exact euro amounts, whereas social 
rewards were indicated through less precise smiley 
faces. Self-reported motivation did not differ signifi
cantly between conditions, suggesting that differential 
engagement does not account for the behavioral differ
ences. Instead, the less precise reward signal in the social 
condition may have increased deliberation demands, 
consistent with the observed response time differences.

Future research could disentangle these possibilities 
by systematically varying reward characteristics while 
matching perceived value across domains.

Our study included only two incentive domains, finan
cial and social. While this experimental setup represents 
an important first step in comparing neural correlates 
across incentive types, it cannot provide 
a comprehensive picture of domain-general versus 
domain-specific neural processes. Our conclusions about 
domain-specificity and -generality should therefore be 
considered preliminary until confirmed across additional 
domains. Future research could address these limitations 
and extend the present findings in several ways. First, 
studies could include additional incentive domains to 
test the generalizability of the domain-general network 
and identify potential domain-specific neural correlates 
beyond the right IPL. An important domain to consider 

are health risks, as they are particularly relevant given 
their societal impact and, based on behavioral research, 
possibly discrete neural correlates (Sunstein & 
Zeckhauser, 2011; von Helversen et al., 2020).

Additionally, advanced methodological approaches 
could provide deeper insights into the neural basis of 
domain-specific risk preferences. Precision fMRI techni
ques (Gilmore et al., 2021; Gordon et al., 2017; Laumann 
et al., 2015) could better account for individual differ
ences in functional topography, particularly in hetero
modal regions like the IPL.

Lastly, future research might extend the present find
ings in several ways. The present work was conducted 
on a student population of young adults in Germany and 
is thus limited in generalizability. Future research could 
also investigate the clinical implications of our present 
findings. Excessive risk-taking is a component of several 
psychiatric disorders (Ashenhurst et al., 2011; Pollak 
et al., 2020; Reddy et al., 2014), and understanding 
domain-specific neural mechanisms could inform tar
geted interventions. This could be particularly valuable 
for addressing maladaptive risk behaviors in specific 
contexts while preserving adaptive risk-taking in others.

Conclusion

Our study reveals both domain-general and domain- 
specific neural correlates of risk-taking, largely supporting 
our hypotheses while also refining the present model by 
integrating some unexpected findings. The identification 
of a common neural network encompassing the bilateral 
striatum, dACC, and left insular cortex supports theories 
proposing domain-general mechanisms for risk proces
sing. At the same time, the differential activation in the 
right IPL in financial and social incentives provides 
a potential neural basis for domain-specific risk prefer
ences as observed in the prior literature.

Our findings might be a step forward in bridging the 
gap between behavioral evidence for domain-specific 
risk-taking and neuroimaging research that has primarily 
focused on financial incentives. This work thus highlights 
the importance of considering incentive type when study
ing risk-taking, both in laboratory settings and when 
translating findings to real-world contexts.
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