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ABSTRACT 
 
Eating decisions depend on both appetitive and social motivation processes but the 
interactions between these motivations are poorly understood. We examine how 
women from nonclinical and clinical samples with variable levels of eating restriction 
make value-based decisions during an experimental task where monetary values are 
coupled with values related to body appearance, such as the social value of thinness.  
We show that eating restriction is associated with less risk taking and greater 
hesitancy when making decisions, but this general tendency is modulated by 
subjective body-related valuations in both subclinical and clinical samples; risk taking 
is decreased and hesitancy is increased when monetary reward is coupled with larger 
body stimuli, particularly in ‘at risk’ samples, and the reverse when reward is coupled 
with thinner body stimuli, particularly in clinical samples. Computational modelling 
further indicated that these behaviours are driven by an aversion to risk rather than 
loss, with desirable body outcomes being associated with less risk aversion, and 
undesirable body outcomes linked to greater risk aversion. These findings have 
important implications for current explanations of eating, indicating that cognitive and 
social factors may influence eating decisions by distinct mechanisms.  
 
 
Keywords: risk-taking; decision-making; uncertainty; value; reward; 
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Introduction 
 
The neurobiological regulation of eating, and of metabolism more generally, is of fundamental 

homeostatic importance. In contemporary societies where food availability and variety is high, 
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eating regulation may involve eating restrictions for health purposes1. However, eating 

restriction is also increasingly pursued to achieve certain societal body ideals2 despite 

documented risks for adverse physical and psychological effects3–5. These health risks are even 

greater in psychopathologies like Anorexia Nervosa (AN), an eating disturbance characterised 

by an intense fear of gaining weight despite being underweight, a disturbed body image, and a 

relentless pursuit of thinness6. Unfortunately, the multifactorial aetiology of AN remains poorly 

understood despite the fact that the disorder has the highest mortality rate of any psychiatric 

illness7. Importantly, disordered eating at subclinical levels is among the most common 

indicators of the development of a clinical eating disorder2,8. It is, therefore, important to 

understand the biopsychosocial factors that drive restrictive eating across the healthy 

population and psychiatric diseases. 

Eating restriction motivations have been hitherto addressed mainly within two parallel, 

research lines, namely psychosocial and neurobiological approaches. Firstly, psychosocial 

accounts stress that eating is motivated by social reasons, such as impression management, 

with hunger and satiety circuits playing relatively minor roles9,10. A major sociocultural 

influence particularly affecting women in Western cultures is the dominant “thin ideal”, which 

places a positive value on a slim body and a negative value on larger body appearances. Thin 

ideal internalisation (i.e. the extent to which an individual ascribes to this social value11) has 

been proposed as a key explanation of eating restriction, with supporting evidence from various 

correlational, cross-sectional, and experimental studies12,13.  

By contrast, in neurobiology, eating is understood as a product of bodily systems that 

mediate energy homeostasis (metabolism) and the complex appetitive motivation systems 

regulating hunger and satiation. For instance, neuroimaging studies suggest that restrictive 

eating is the behavioural result of decisions based on skewed interactions between dopamine-

based reward-learning systems and serotonin-based control or inhibitory systems (see 14,15 for 

reviews). Moreover, while altered reward and punishment processing in response to food and 

taste stimuli has been noted in AN16–19, it has become clear that a generalized blunting of reward 

responsivity to food is insufficient to explain eating restriction. Instead, studies on eating 

should take into account more general and commonly entangled components of value-based 

decisions, such as valuation, risk preference and aversion, loss aversion, and the handling of 

uncertainty.  

Crucially, in order to experimentally manipulate and computationally model the 

complex interrelations between such parameters, and particularly as the valuation of food is 

complex in individuals with disordered eating16,17, most behavioural and neuroimaging studies 

have used monetary decision making paradigms20–25. Such tasks are able to quantify not only 

how much people normally prefer larger over smaller rewards, but how this situation changes 

when rewards are associated with costs, such as delays, or uncertainties. People integrate such 

costs into a value function according to their preferences, make choices accordingly and learn 

from the experienced outcomes. Delay discounting, for instance, is defined as the degree to 

which a reward is devalued as a function of the delay to its receipt26. Recent studies found that 

patients with restrictive Anorexia Nervosa (AN) discount rewards as a function of delay at a 

rate that is significantly lower than healthy peers, consistent with their everyday behaviour of 

increased ‘self-control’ for immediate rewards (e.g. food) in pursuit of long-term outcomes 

(e.g. a ‘thin’ body)20,24. AN patients were found to make less risky choices than healthy controls 

in another, widely-used decision-making paradigm, the Balloon Analogue Risk Task27, that 

assesses how people balance potential reward against the possibility of loss under uncertain 

conditions (i.e. when the particular probability of loss is unknown during the task). Such 

findings are consistent with self-reported intolerance of uncertainty28 and hypersensitivity to 

punishment29 in AN. Yet there have been contrary findings in such monetary tasks in AN22,30,31 

and in community samples with eating restriction32,33, with some studies, for example, finding 
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no differences in loss aversion between restricting and non-restricting groups34, while others 

finding that eating restriction is associated either with hypersensitivity23 or hyposensitivity to 

the possibility of loss or punishment35. There can be at least three reasons for such 

discrepancies that the present study aims to address, as described in turn below. 

First, existing paradigms examine decision-making as driven by the evaluation of 

abstract monetary rewards, but fail to manipulate or model parameters that most relate to eating 

restriction (see 23,36 for discussion). For example, it is unclear whether there are additional 

variables that can explain the seemingly paradoxical finding that AN patients, who are risk-

averse and hypersensitive to the possibility of loss23,27, nevertheless tolerate the severe health 

risks of malnutrition. One possibility is that AN individuals’ risk-aversion is modulated by 

independent motivations, such as the aforementioned social value of being thin, and the 

corresponding negative value of larger body appearances. Indeed, a systematic review of the 

value of cues used in AN research revealed that acute and weight-restored individuals with AN 

show aversive reactions to non-thin, or overweight body appearances in both explicit and 

implicit tasks19. Moreover, the pursuit of thinness, as well as the fear of gaining weight, are 

central to the symptomatology of disordered eating and have been implicit in previous 

interpretations of decision-making in restrictive AN (increased ‘self-control’ over immediate 

rewards like food in pursuit of later ‘thin’ body outcomes), yet to our knowledge no study on 

clinical or subclinical eating restriction has explicitly examined the value ascribed to body 

outcomes in value-based, decision-making. Here, we aimed to investigate the role of subjective 

values regarding body thinness in how individuals with subclinical and clinical eating 

restriction make reward-based decisions under risk.  

To this end, we developed a new risk analogue task (based on one of the most widely 

used and well-validated, risk-taking paradigms37,38), which assesses body-related risk taking. 

In our Body and Balloon Analogue Risk Task (B-BART; see Figure 1) participants made 

consecutive decisions to ‘click’ a button in order to accumulate money, or stop clicking and 

‘collect’ the money already accumulated in the trial. In separate conditions, each click causes 

a virtual body or balloon to increase (get bigger/fatter) or decrease (get smaller/thinner) in size, 

but carries the risk of reaching a limit (‘loss limit’), which ends the trial, at which point the 

accumulated money not ‘collected’ is lost. The loss limit point is unknown, so each decision to 

click or collect involves risk (i.e. the potential to lose) and uncertainty (i.e. although the 

probability of loss increases with every click in each trial, the actual probability of losing on 

the subsequent click is unknown to the subject). The number of clicks in trials in which the 

limit was not reached was used as a primary index of explicit risk-taking, as in most other 

studies with this paradigm37,39. We also calculated a recommended alternative reaction time 

measure39 as an implicit index of behavioural uncertainty (i.e. hesitancy) in the decision-

making process, i.e. a measure indicative of reflective decision processes based on the amount 

of time (in ms) it takes between the last decision to click and the decision to collect the 

accumulated gain rather than to continue clicking. We hypothesise that desired and/or 

undesired body options may be overvalued in relation to more neutral stimuli in individuals 

with subclinical or clinical eating restriction and hence influence explicit reward-based 

decisions and hesitancy, over and above any more general tendency to avoid risk27. 

Second, existing discrepancies in the literature may relate to the separation of studies 

on clinical and community samples. To our knowledge, no single study has assessed the 

relationship between eating restriction and value-based decision making across community and 

psychiatric samples with subclinical and clinical eating restriction behaviours, respectively. 

This was the second aim of the present study; we tested the above risk-taking paradigm (B-

BART) on several independent samples covering both the ‘at risk’ and clinical ends of the 

spectrum, the latter targeted at different time points in the course of the disease, and controlled 

for by a well-matched subset of our larger population. Specifically, we first examined the above 
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behavioural measures of risk-taking in a large (n = 485) sample of women without any 

psychiatric history, and with a wide range of restrictive eating tendencies as measured by the 

Eating Disorder Examination Questionnaire (EDE-Q40). We examined how risk-taking is 

affected by individual differences in self-reported level of restrictive eating (indexed by EDE-

Q restraint score), stimulus Type (body or balloon) and stimulus Direction (increasing or 

decreasing size). Based on previous studies23,27, we predicted that risk-taking would be lower 

overall in people with higher levels of restrictive eating, and particularly when reward was 

coupled with an ‘undesirable’ body outcome, (i.e. a female body getting gradually larger in 

size) rather than a neutral stimulus. By contrast, we expected that risk-taking would increase 

in conditions where the outcome was a ‘desirable’ body (i.e. a gradually thinning body) rather 

than a neutral stimulus. To test these hypotheses, we examined how risk taking is modulated 

by restrictive eating in general, as well as in two key comparisons: i.e. comparing each body 

condition with its respective balloon control condition (i.e. body increase vs. balloon increase; 

body decrease vs. balloon decrease), while controlling for age and BMI.  

We complemented these studies with a clinical study in which we compared the risk-

taking behaviour of acute, restrictive subtype Anorexia Nervosa patients (AN; N = 31), and 

weight-restored AN patients (AN-WR; N = 23), with two non-clinical control groups: a low 

restrictive eating group (HC-L, N = 38), and a high restrictive eating group (HC-H, N = 35), 

created from our larger non-clinical sample, following a targeted recruitment strategy (see 41 

and Methods) and controlling for key clinical and psychometric variables such as mood and 

eating disorder severity (see Methods and Supplementary Materials). In line with the 

predictions made above and our conceptualisation of an eating restriction spectrum, we 

predicted that both acute AN and AN-WR groups would behave like healthy individuals with 

higher levels of restrictive eating, i.e. showing lower risk taking in comparison to healthy 

individuals with lower eating restriction, which would nevertheless be modulated by desirable 

and/or undesirable body outcomes. These multiple samples allowed us to not only examine 

multiple levels of eating restriction ranging from subclinical to clinical populations, but also to 

disentangle state (i.e. present only during the acute AN phase) from trait disease mechanisms 

(i.e. deficits that endure beyond the acute phase and are present during remission, or in at risk 

populations). Disentangling these mechanisms is important for identifying state-independent 

aetiological traits and vulnerability indicators of AN (or ‘endophenotypes’42), versus secondary 

effects that are a consequence of the acute malnourished state, comorbidities, or medication. 

Therefore, confirmation of the above hypotheses across our samples would suggest that 

appearance-based, risk-aversion is a marker of an eating restriction spectrum rather than the 

expression of a categorical disease state like AN. 

Finally, existing studies have failed to differentiate between different components of 

decision-making which produce different responses, such as risk (when the outcome is 

unknown but the outcome probabilities are known) and uncertainty (when both the outcome 

and the probability distribution are unknown). Indeed, it has been long noted that there is 

ambiguity regarding these dimensions in the original Balloon Analogue Risk Task (BART37,38), 

which seems to involve a transition from initial uncertainty to later risk43,44. Unfortunately, the 

point when this transition occurs is typically unknown, meaning that without computational 

modelling, the processes governing behaviour are underspecified. Similarly, without 

computational modelling, it is not possible to know whether behaviour on the task is driven by 

hypersensitivity to loss (the potential to lose increasing rewards as the task progresses) or to 

risk (taking an increasing risk as the task progresses), both of which have been previously 

linked to disordered eating. Leveraging computational modelling to disentangle these latent 

explanatory levels was the third aim of the present study. Specifically, we applied, and 

compared between, existing computational models of the BART task45,46 to examine which 

parameters best described the risk taking behaviours associated with our critical conditions and 
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samples, and particularly risk-aversion and loss-aversion. Before proceeding to this main aim, 

however, we also computationally addressed the difficulty to disambiguate between BART 

trials when the subject is making decisions under risk versus under uncertainty (see above;43,44).  

We thus present a novel model of the potential transition from uncertainty to risk in our control 

sample, tested it against a previously-used baseline model45 (see Supplementary Materials) and 

then assessed whether these transitions had an effect on our critical conditions and groups.  

In summary, our study combined insights from existing psychosocial and 

neurobiological perspectives on eating, as well as methods from dimensional47,48 and 

computational49,50 approaches to mental health to develop, and apply to multiple samples 

across the eating restriction spectrum, a novel, decision-making paradigm. This paradigm 

allowed us to examine the degree to which eating restriction in both subclinical and clinical 

samples is associated with an increased value ascribed to certain socially-valued, body 

appearances (the thin ideal) in reward decisions under uncertainty and risk, over and above the 

more general, potential tendencies for risk and loss aversion.  

 

 

 

Figure 1. The B-BART. 

 
 

Results 
 
Risk Taking in Subclinical Eating Restriction 
Our first set of analyses was in a sample of women without any reported history of eating 

disorder. Following initial pilot work in which we developed the B-BART and established the 

presence of expected effects (see Methods and Supplementary Materials), we conducted a 

fully-powered study in a large sample of women (N = 485). We used multilevel models to 

examine how individual differences in restrictive eating (EDE-Q restraint score) influence 

overall risk taking (i.e. irrespective of different conditions), and body-related risk taking (using 
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the key comparisons and measures outlined above), while controlling for experimental order 

effects, age and BMI variability. The results of these analyses are reported in Table 2. In 

complementary control analyses, in a subset of participants, we explored whether key 

psychometric variables in eating restriction research, such as body image disturbances and 

concerns (BIDQ51), the related psychological dimensions of impulsiveness (Barratt 

Impulsiveness Scale; BIS-1152) and obsessive-compulsive behaviours (Obsessive-Compulsive 

Inventory Short Version; OCI-R53), and affective traits such as depression, anxiety and stress 

(DASS-2154), influenced the effects found in our main analyses. We first examined whether 

they correlated with each other as well as the outcome variables (to check for multicollinearity), 

and then after removing highly correlated variables, included each relevant variable in our 

MLM as a fixed covariate to identify any substantive change in significance or variance 

explained. 
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Figure 2. Overall clicks per condition (panel a) and hesitance (panel b) in the subclinical sample study. Overall clicks per condition (panel c) 

and hesitance (panel d) in the clinical sample study. NB: illustrating slopes from multilevel models takes only fixed effects into account by 

necessity, so the exact direction of the slopes should be interpreted with caution. 
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Women with subclinical eating restrictions take less risk when monetary 
reward is coupled with an undesired body outcome.  
We found that higher levels of self-reported eating restriction were predictive of significantly 

less risk taking (fewer clicks) overall (Table 2). A significant three-way interaction indicated 

that this effect varied depending on Stimulus Type and Direction (Table 2 & Figure 2a). 

Specifically, women with greater self-reported eating restriction clicked significantly fewer 

times when monetary reward was coupled with an increasing body compared to an increasing 

balloon. There was no significant difference between the decreasing body and decreasing 

balloon conditions (Table 2). This interaction remained significant when accounting for general 

body image disturbances, impulsiveness, compulsiveness, and affective traits (see 

Supplementary Materials). 

 
Women with subclinical eating restrictions show greater hesitancy when 
monetary reward is coupled with an undesired body outcome.   
Performing these same analyses with hesitancy (i.e. time taken to collect earnings after the 

final click; see above and Methods) as the dependent variable revealed similar results. The 

overall effect of restrictive eating on hesitancy was not significant (Table 2), however, there 

was a significant three-way interaction between Stimulus Type, Direction and EDE-Q restraint 

(Table 2; Figure 2b), and this remained significant when controlling for secondary body image, 

cognitive and affective factors (see Supplementary Materials). In the same way as for explicit 

risk-taking, women with higher levels of restrictive eating showed significantly greater 

hesitancy when an increasing body was compared with an increasing balloon, but no significant 

difference when a decreasing body was compared with a decreasing balloon (Table 2). 

 
Risk Taking Across Subclinical and Clinical Eating Restriction 
We conducted the above analyses comparing acute AN patients, AN-WR patients, and two 

BMI-and age-matched non-clinical samples characterised by either low or high restrictive 

eating (i.e. HC-L and HC-H groups, respectively), following a targeted recruitment strategy41 

based on the aforementioned dimensional approach to eating restriction. Specifically, we first 

selected individuals from our larger non-clinical sample based on matching their BMI to that 

of the AN-WR patients (thereby controlling for BMI differences that could inflate any eating 

restriction effects as well as the possible extraneous effect of BMI on cognition55; noting that 

matching BMI to the acute AN group would not be appropriate, or possible since low BMI is 

a diagnostic feature of AN) and then we divided them into two groups based on their level of 

restrictive eating (EDE-Q restraint scores; see Methods and Supplementary Materials). This 

approach ensured that any differences between non-anorexic individuals with low versus high 

eating restriction were not driven by differences in BMI or sample size. We also controlled for 

condition order and age in all analyses, and performed additional analyses to rule out affective 

factors such as depression, anxiety and stress and overall severity of eating disorder 

symptomatology as primary explanations for our results (reported in Supplementary 

Materials). We examined the effect of Group (AN, AN-WR, HC-H, HC-L) on overall risk 

taking, and then the three-way interaction between Group, Stimulus Type and Direction. When 

performing the two critical comparisons to determine whether risk taking is moderated by body 

outcome desirability, we compared each clinical group to the sub-group with no behavioural 

evidence of eating restriction (HC-L), with ‘trait deficits’ identified when both clinical groups 

differed from controls, while ‘state deficits’ (including the effects of low BMI) identified when 

only the acute group differed from controls. Given the unclear EDE-Q cut-offs for at risk 

populations56,57, clear state-trait distinctions were not possible based on comparisons with the 

HC-H and these were not performed. Results of these analyses are reported in Table 2. 
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Acute AN and AN-WR patients’ risk taking is modulated by body outcome. 
Our MLM including all four groups (AN, AN-WR, HC-H, HC-L) showed that overall risk 

taking differed significantly between groups, with AN and AN-WR patients taking  

significantly less risk (i.e. making fewer clicks) compared to the HC-L group (see Table 2 & 

Figure 2c). The expected three-way interaction between stimulus Type, Direction and Group 

was significant (Table 2), and this interaction was unaffected when affective variables (DASS 

scores) were included in the analyses (see Supplementary Materials). Examining this 

interaction using our key comparisons, we found that AN patients showed a (non-significant) 

tendency to take less risk than HC-L when examining the difference between the increasing 

body condition and the increasing balloon condition. By contrast, acute AN patients took 

significantly more risk than HC-L when examining the difference between the decreasing body 

condition and the decreasing balloon condition. 

  Performing these same analyses comparing AN-WR patients and HC-L revealed the 

same results (Table 2). AN-WR patients took significantly less risk than HC-L when looking 

at the difference between the increasing body and increasing balloon conditions, and 

significantly more risk when looking at the difference between the decreasing body and  

decreasing balloon conditions. 

 
Acute AN and AN-WR patients’ hesitancy is modulated by body outcome. 
Our MLM including all four groups (AN, AN-WR, HC-H, HC-L) confirmed the results from 

our analysis of explicit risk-taking, with overall hesitancy being significantly different between 

groups, and both AN and AN-WR patients showing significantly greater hesitancy compared 

to the HC-L group (see Figure 2d & Table 2). Hesitancy also showed the expected 3-way 

interaction between Stimulus Type, Direction and Group, and this interaction was unaffected 

when affective variables (DASS scores) were included in the analyses (see Supplementary 

Materials). Examining this interaction with our standard pairwise comparisons, we confirmed 

that patients with acute AN exhibited significantly more hesitancy than the HC-L group when 

considering the difference between the increasing body and increasing balloon conditions. 

However, there was no significant difference between AN patients and the HC-L group when 

considering the difference between the decreasing body and decreasing balloon conditions. 

These same analyses performed to compare the AN-WR patients with the HC-L group 

showed no significant differences (Table 2). 

 
Computational Modelling 
In addition to our behavioural analyses, we used computational modelling to understand the 

latent (hidden) processes driving risk-taking behaviour, and to disentangle the contribution of 

general cognitive versus social-motivational (thin-ideal) factors in the risk-taking of restrictive 

eaters. We conducted two sets of modelling as detailed below; first, examining uncertainty 

versus risk, and then risk- versus loss-aversion, in the risk-taking behaviour of our non-clinical 

and clinical samples. For both sets of modelling we created a set of cognitive models based on 

previous studies of the BART45,58, and compared the fit of these models with baseline models 

that assume no change in uncertainty, nor any influence of loss avoidance,  in the behaviour of 

the non-clinical sample. We tested the fit of the data in all cases using Maximum Likelihood 

Estimation (MLE), the Akaike Information Criterion (AIC) and the Bayesian Information 

Criterion (BIC). For each of the two sets of modelling we selected a winning model based on 

best fit as detailed in the Supplementary Materials. Subsequent analysis was performed using 

the parameters of the winning model from each set of model comparison. 

 Our modelling of uncertainty vs. risk involved a cognitive model (i.e. herein called the 

Exploration-Exploitation model; described fully in Supplementary Materials and summarised 
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in the Methods section) which assumes that participants go through two phases: Exploration 

(during which there is greater uncertainty) and Exploitation (i.e. during which uncertainty is 

reduced). In both phases, the participant is assumed to have a fixed belief about the probability 

of reaching the maximum (loss) limit each time they click (hereafter referred to as ‘loss belief’), 

providing two parameters: Prior Probability of Loss Belief (loss belief during Exploration) and 

the Posterior Probability of Loss Belief (loss belief during Exploitation). The transition from 

Exploration to Exploitation takes place at a trial that gives the final parameter: Threshold. After 

validating the two phases of the Exploration-Exploitation model, these three parameters were 

used in further analyses to examine if loss beliefs and hesitancy during the exploration and 

exploitation phases, and the threshold click, varied based on restrictive eating levels (i.e. EDE-

Q Restraint) in our subclinical sample, and when comparing across the groups of our clinical 

study. In so doing, we aimed to ascertain if our samples tended to shift between uncertainty 

and risk at different rates depending on their level of restrictive eating (i.e. EDE-Q restraint 

score or clinical diagnosis) or experimental condition (body vs. balloon; increasing v. 

decreasing), and whether this could explain the observed differences in risk-taking behaviour. 

Results of these analysis are reported in Table 3. 

 Our main modelling of risk-parameters (risk aversion vs. loss aversion) used the 

Exponential-Weight Model (EW model)46. The EW model was developed to overcome the 

limitations of the earlier 4-parameter model45, which has been criticised for failing to reproduce 

accurate parameters in parameter recovery, and being difficult to interpret within a general 

reinforcement learning (RL) framework (see 59,60 for details). The EW model (described fully 

in 46 and summarised in Supplementary Materials) contains five parameters, two of which are 

of direct relevance to the current aims (for brevity the remaining three parameters and results 

relating to these parameters are described in Supplementary Materials only). Risk aversion (ρ) 

indicates an individual’s sensitivity to the value of reward change, such that individuals with 

higher risk avoidance take less risk to get the same amount of reward. Loss-aversion (λ) 

indicates an individual’s sensitivity to negative outcomes, such that potential loss is perceived 

as more severe at higher λ. After assessing the fit of these models and performing model 

comparison as detailed above, we used the parameters of the winning model in subsequent 

analyses to identify whether overall risk-taking, and body-related risk taking (i.e. differences 

in behaviour observed when reward is coupled with an increasing/decreasing body vs. balloon) 

in individuals with different levels of restrictive eating (i.e. in relation to EDE-Q restraint score 

in our non-clinical sample, and clinical diagnosis in our clinical samples) is best accounted for 

by risk aversion or loss aversion. Results of these analysis are reported in Table 4. 

 
Hesitancy and click variability is greater during Exploration compared to 
Exploitation 
Our first set of modelling supported the existence of two phases in the B-BART, characterised 

by initially high and subsequently lower levels of uncertainty (see Supplementary Materials 

for full model fit results). To validate this two-phase model, we examined if two behavioural 

measures that were not used to create the model (i.e. hesitancy and behavioural (click) 

variability [i.e. SD/Average]) were different between the two phases in the subclinical sample 

(see Supplementary Materials for results). Based on existing theory61,62 we expected 

behavioural hesitancy and variability to be greater during exploration compared to exploitation. 

Using the data from our subclinical sample, we found that the degree of hesitancy and click 

variability was significantly greater during exploration compared to exploitation (see 

Supplementary Materials).  
 
Women with greater subclinical eating restrictions believe that loss is more 
probable 
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Women with higher levels of self-reported eating restriction believe that loss is more probable 

overall (i.e. irrespective of condition), with this effect being significant during exploitation but 

not exploration (see Table 3). The 3-way interaction between Stimulus, Direction and EDE-Q 

restraint was not significant for exploration or exploitation and so we did not conduct further 

planned comparisons. Running these analyses same with hesitancy as the dependent variable, 

there was no main effect of EDE-Q restraint or significant 3-way interaction (Table 3). The 

relationship between EDE-Q and threshold was small and non-significant (see Supplementary 

Materials).  

 
Acute AN and AN-WR patients believe that loss is more probable and show 
more hesitancy.  
There was an overall effect of group on the probability of loss belief, both for exploration and 

exploitation (Table 3). Specifically, when compared to HC-L individuals both acute AN and 

AN-WR patients behaved as if the probability of reaching the loss limit was significantly 

greater overall (i.e. irrespective of condition’ see Table 3). This effect was present for both 

Exploration (at trend level in acute AN) and Exploitation. However, the 3-way interaction 

between Group, Direction and Stimulus was not significant for either exploration or 

exploitation (Table 3). Running these same analyses with hesitancy as the dependent variable 

replicated and confirmed the same pattern of findings (Table 3). There was no significant 

difference in threshold between groups (see Supplementary Materials). 

 

In sum, our first set of computational modelling supports the idea that the B-BART involves 

two phases, which are characterised by initially high and subsequently lower degrees of 

uncertainty, as suggested by recent methodological discussions of the BART43,44. Importantly, 

although loss beliefs were generally higher in our subclinical sample with high levels of eating 

restriction, and in our two clinical samples (AN and AN-WR) relative to the HC-L group, these 

beliefs did not explain the behavioural differences in body-related risk-taking. Similarly, the 

transition point from one phase to the other did not depend on level of eating restriction (EDE-

Q restriction) or clinical grouping (AN vs. AN-WR vs. HC-L) and does not relate to the 

behavioural differences observed between our samples.  
 
Women with greater subclinical eating restrictions are less risk averse overall 
Higher levels of self-reported eating restriction were predictive of small but significantly lower 

risk aversion (ρ) overall (i.e. irrespective of condition). The 3-way interaction between 

Stimulus, Direction and EDE-Q restraint was not significant for risk aversion. There were no 

significant effects for loss aversion (λ).  

 
Acute AN and AN-WR patients’ risk aversion is modulated by body outcome 
Risk aversion was significantly greater overall (i.e. irrespective of condition) in AN-WR 

women compared to the HC-L group, and a similar, non-significant tendency in the same 

direction was found in acute AN women compared to the HC-L group (Table 4). In addition, 

the 3-way interaction between Stimulus, Direction and Group was significant for risk aversion. 

Examining this interaction with our standard contrasts, we found no significant difference in 

risk aversion between acute AN patients and the HC-L group when considering the difference 

between the increasing body and increasing balloon conditions. However, acute AN patients 

showed a non-significant tendency for less risk aversion than the HC-L group when considering 

the difference between the decreasing body and decreasing balloon conditions.  

AN-WR patients showed significantly more risk aversion than the HC-L group when 

considering the difference between the increasing body and increasing balloon conditions, and 

also significantly less risk aversion than the HC-L group when considering the difference 
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between the decreasing body and decreasing balloon conditions (Table 4). Similar patterns of 

results were observed for the selected HC-H vs. HC-L groups, as reported in Supplementary 

Materials. 

 

Acute AN and AN-WR patients’ loss aversion is unaffected by body outcome 
There was no significant effect of group (AN, AN-WR, HC-L, HC-H) on loss aversion overall, 

nor a significant 3-way interaction between Stimulus, Direction and Group. 

 

Discussion  
 
We used a new, body and balloon analogue risk-taking task (B-BART) and computational 

modelling to disentangle the social and cognitive mechanisms underlying restrictive eating 

behaviours. We examined risk taking and eating restriction across clinical and nonclinical 

samples, taking into consideration the influence of the social value of thin body ideals. We 

confirmed existing behavioural findings of heightened risk aversion in patients with AN23,27,29, 

and established the presence of this trait in weight-restored AN patients and in a non-clinical 

‘at risk’ sample of women with higher levels of restrictive eating. Moreover, using our new 

task, which involves body-related stimuli, we found that both clinical and subclinical eating 

restriction is associated with greater risk aversion and greater behavioural uncertainty 

(hesitancy) when the decision is coupled with an undesirable (bigger) body outcome than 

merely a neutral balloon. Moreover, in both our clinical samples we also discovered that, in 

spite of the above general and larger body-related risk aversion tendencies, patients take more 

risk when the same monetary reward is coupled with a desired, thinner body compared to a 

neutral (balloon) stimulus. These findings indicate that body appearance values influence 

reward-based decisions under uncertainty in women with subclinical and clinical levels of 

eating restriction.  

Our findings cast new light on recent research which suggests that restrictive eating is 

the result of aberrant decision and learning processes, caused by dysfunctional punishment and 

reward brain circuitry14,17. In particular, we aimed to address three major limitations of this 

existing research. First, by regarding eating restriction as a dimension varying along a 

continuum of severity from non-clinical to clinical samples and by applying our task to a large, 

general population sample, as well as patients at different periods of a diagnosed eating 

disorder, we were able to examine risk-taking over and above the confounding effects of 

medication, malnutrition and multiple comorbidities. We were thus able to show that low risk-

taking and high behavioural uncertainty were characteristic not only of the acute AN state, but 

were also an enduring trait that is present in ‘at risk’ healthy individuals with subclinical levels 

of eating restriction and weight-restored AN patients.  

Secondly, by extending an existing, generic risk-taking paradigm to couple monetary 

reward with both neutral and body-related stimuli, we were able to provide behavioural 

evidence that body appearance may have a role in the value-based decisions individuals take 

under uncertainty. Several decision-making studies in AN suggest that these patients are risk-

averse29, or loss averse23,27, but fail to consider why AN patients, as well as healthy individuals 

restricting their diets, are paradoxically willing to take significant health risks in their pursuit 

of thinness. Based on our findings, one likely explanation is that eating restriction decisions 

are influenced by social, motivational values regarding body appearance, such as the thin 

ideal2,11, or the reverse, the aversive value non-thin bodies may have for some individuals. 

Indeed, we found that both clinical and subclinical eating restriction is associated with greater 

risk aversion and greater behavioural uncertainty when the decision is coupled with an 

undesirable (bigger) body outcome. Individuals may restrict their eating to conform with such 
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body-related, social or internalised valuations, so that options related to different body 

outcomes may influence value-based decisions under uncertainty, over and above any more 

general tendency to avoid loss, or uncertainty. These findings may explain why individuals 

who have been found to be  risk-averse29 and intolerant of uncertainty28 in self-report measures, 

nevertheless engage in behaviours such as extreme eating restriction or excessive exercise, that 

are known to have severe health risks3–5. Indeed, previous studies have shown that individuals 

make daily decisions about what, when and how much to eat by taking into account not only 

bodily signals (e.g. hunger, stomach fullness) and food parameters (availability, desirability1), 

but also the potential effects of eating on their body weight and size and more generally their 

body appearance63,64. For example, numerous questionnaire studies have found that exposure 

to the ‘thin ideal’ plays a determining role in how women perceive their own body and feel 

pressured to lose weight and be thin (reviewed by 65). However, to our knowledge no 

experimental, decision-making study has provided mechanistic insight regarding such 

motivations by examining how women value different body appearances when making value-

based decisions under uncertainty. The present findings suggest that values relating to 

increasing and decreasing body size may influence decision-making, over and above a general 

risk-aversion that is associated with individuals prone to eating restrictions.     

Alternatively, our findings could be explained by low-level perceptual or attentional 

biases in our population, i.e. certain individuals may have changed their behaviour because 

they processes body stimuli with less attention, or accuracy than balloon stimuli. Although 

there are conflicting results regarding the role of perceptual, as opposed to attitudinal and 

emotional, abnormalities in body image research66,67, at least some studies claim that 

subclinical and clinical populations with disordered eating have perceptual deficits, and not 

just different attitudes and emotional responses to body stimuli68. We do however think this 

interpretation is unlikely in the present study, as our results were not only stimulus-specific but 

also direction specific. It is not clear how low-level perceptual deficits could explain our 

directional, risk-taking findings. 

Thirdly, existing studies using the BART in patients with AN have failed to 

disentangle different components of the task, such as the role of risk versus uncertainty, and 

avoidance of risk versus loss (e.g. 27; see also 43,44 for discussion). To address these 

limitations we used computational modelling to first establish whether our non-clinical and 

clinical samples were making decisions under risk or uncertainty, and whether this would 

provide an explanation for observed differences in behaviour. Our first set of modelling 

supports the idea that the BART involves two phases, characterised by initially high levels of 

uncertainty and later risk. However, neither of these two phases, nor the point when people 

transition from uncertainty to risk, were able to explain the behavioural differences between 

our samples in body-related risk-taking. That is, non-clinical individuals with increased 

eating restriction showed an increased belief in the probability of experiencing a loss during 

the lower uncertainty, higher risk (exploitation) phase. Acute AN, as well as AN-WR patients 

show a similar increase in loss beliefs and greater hesitancy during both uncertainty and risk 

phases. These findings suggests that the risk taking observed generally in women with higher 

levels of restrictive eating is underscored by a belief that loss or punishment is more likely to 

occur, and this increased loss belief is a trait that spans acute AN and recovering AN-WR 

patients, as well as subclinical eating restriction tendencies. However, there were no 

statistically significant differences in the threshold between the two phases, nor any 

interactions with body-specific variables in either phase of the exploration-exploitation 

model. Thus, there was no evidence suggesting that eating restriction, or associated values 

ascribed to body ideals, were associated with a faster or slower transition between uncertainty 

and risk during the B-BART. Our modelling of risk-parameters, however, indicated that 

decision-making in individuals with greater levels of restrictive eating is linked to differences 
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in risk aversion but not loss aversion. In particular, despite both acute AN and AN-WR 

patients showing a general increase in risk aversion (when not specifically considering the 

body), they are less risk averse (i.e. willing to take more risk) when monetary rewards are 

coupled with a desired, decreasing body size. Additionally, AN-WR patients showed greater 

risk aversion when monetary rewards are coupled with an undesirable, increasing body size. 

Overall, this pattern of results indicates that risk aversion rather than loss aversion plays a 

key role in the decisions of individuals with increased levels of restrictive eating. Our 

findings are also consistent with the paradoxical behaviour of individuals with AN, whereby 

patients take considerable risk to obtain their desired body size, despite a more general 

aversion to risk observed in their everyday behaviour and recent experimental work (Adoue 

at al., 2015). Further research is needed to determine whether this behavioural risk-aversion 

is related to the self-reported avoidance of risk29 and intolerant of uncertainty28 that has been 

found in individuals who engage in extreme eating restriction or excessive exercise. 

A limitation of our study was that we tested only women. Eating restrictions, body 

image concerns and anorexia nervosa are more common in women than in men, and body 

appearance values in men involve more than just weight variables69,70, and hence they are more 

complex to experimentally manipulate and directly compare to those of women. We also noted 

that our AN group had a longer illness duration than the AN-WR patients, although we 

examined and found not relationship between severity of eating disorder symptoms and degree 

of risk-taking. Moreover, although we tested many samples across the spectrum of eating 

restriction, our study remains cross-sectional and hence with limited explanatory potential 

regarding developmental variables. To further specify the interpretation of our findings, future 

studies could also use explicit measures of the degree to which each participant values body 

appearance ideals, instead of only measuring body image concerns and preoccupations with 

one’s own body image, as we did in this study. Additionally, while we did not find an effect of 

body image concerns or preoccupations on our findings, future studies could use more detailed 

measures for this multifaceted dimension. Also, it went beyond the scope of the current study 

to combine the two modelling approaches that we applied separately to our B-BART results, 

and we did not examine whether the observed level of risk taking is ‘rational’ or ‘optimal’71,72, 

nor whether using food stimuli, or manipulating hunger level might influence decision making. 

However, our study paves the way for future research to consider these issues in unison rather 

than in isolation. Finally, although we tested multiple samples and we controlled for a number 

of confounding variables such as mood and compulsivity symptoms, it remains possible that 

risk-aversion as observed in the present study relates to some other pathogenic dimension in 

eating restriction. 

In conclusion, our study combined neurobiological and psychosocial perspectives on 

eating restriction into a common decision-making and computational framework that allowed 

us to test the interrelations between key determinants of eating restriction across subclinical 

and clinical samples. We found that values related to body appearance influence how 

individuals with eating restriction take value-based decisions, over and above their general 

risk-aversion and their tendency to anticipate greater loss under uncertainty. These findings 

cast new light on current debates concerning the psychosocial and neurobiological factors that 

motivate eating behaviour.  
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Methods 
 
The study was conducted following the Declaration of Helsinki73. Institutional ethics approval 

was obtained from all organisations involved in the research and all participants give written, 

informed consent. 

 
Participants 

Non-clinical samples. In an initial, online pilot study (Study 0) we developed a body-

only version of the BART (including only increasing body and decreasing body conditions, 

without the traditional balloon conditions) and tested the newly-developed (B-BART) task in 

35 non-clinical females. Participants were aged 18 or over, had 18.5<=BMI<=30, with no 

reported history of eating disorder, neurological disease, or brain damage. Exclusion criteria 

were any history of psychiatric illness; substance abuse or dependency; or first degree 

relative with an eating disorder. Pilot participants were randomly assigned to take part in a 

between-subject design, comprising either the increasing body (N = 23) or decreasing body 

condition (N = 12). We used this version of the task to explore feasibility and design 

parameters of the newly-developed task, and to establish the existence of the effects of 

interest.  

A subsequent non-clinical sample of 206 women, fitting the same inclusion/exclusion 

criteria, were recruited to an experiment conducted at a public science UK event (Study 1). We 

excluded any participant who did not complete the B-BART task according to instructions, or 

did not complete the EDE-Q Restraint questionnaire (our primary independent variable), 

yielding a final sample size of N=135. Study 1 used a between-subject design in which 

participants completed either the increasing body (N = 67) or decreasing body (N = 68) 

conditions, due to practical time restrictions. To ensure motivation, participants tested at the 

public event were told they would receive a gift for passing a pre-defined “winning” threshold 

(the threshold and the science-themed gifts, e.g. brain erasers, were not disclosed to the 

participant in advance). 

A final, non-clinical sample of 318 women were recruited to an experiment conducted 

in a laboratory at University College London (Study 2). The same inclusion/exclusion criteria 

as used in Study 0 and 1 were applied (resulting in 3 exclusions; final sample 315), with the 

exception that a lower BMI limit of >16.5 was used to account for an observed lower average 

BMI in the student population obtained. Full details of the non-clinical sample demographics 

are provided in Table 1. For this experiment participants received a fixed amount of money for 

taking part (£8), plus a performance-based bonus (£2) if a pre-defined threshold (unknown to 

the participant) was reached. 

AN Patients. Thirty-one females with acute Anorexia Nervosa (AN) were recruited 

from an eating disorder clinic at the San Paolo University Hospital in Milan, Italy. AN 

patients were aged 18 years or over, with a BMI < 18.5 and met DSM-56 criteria for 

restrictive subtype anorexia nervosa, as diagnosed as by an experienced psychiatrist, using 

standard clinical interview procedures. Exclusion criteria for the AN group were any 

documented history of brain injury, substance abuse or dependency, or concurrent psychotic 

disorder. Weight-restored AN patients (AN-WR; N = 23) were diagnosed by a clinician as no 

longer meeting DSM-5 criteria for AN, with no binge eating, purging, or restrictive eating 

patterns for at least 1 year before the study20. Because strict weight-based criteria fail to 

capture the clinical complexity of AN, we did not used BMI as a primary criteria for 

recovery. AN-WR patients had a BMI >16.5 and showed substantial improvement for at least 

6 months. Characteristics of the AN and AN-WR groups, including data on current 

psychiatric comorbidities and medication, are summarised in Table 1. 
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Design 

Non-clinical Studies. In the above samples, we measured the extent of restrictive 

eating (using the EDE-Q; see Measures) and analysed how risk taking varies when reward is 

coupled with desired or undesired body outcomes (see Experimental Task). Our pilot and 

public event studies (study 0 & 1) employed a between-subject design, with body-related 

stimuli (see Experimental Task, below) only due to practical and time-limitations, whereas 

our laboratory study used a fully-factorial, within-subject design to examine the effect of 

Stimulus Type (balloon vs. body) and direction (increasing vs. decreasing) on risk taking. We 

also explored in certain sub-samples whether key psychometric variables in eating restriction 

research, such as body image disturbances and concerns (BIDQ51), as well as related 

psychological dimensions of impulsiveness (Barratt Impulsiveness Scale; BIS-1152), 

obsessions and compulsions (Obsessive-Compulsive Inventory Short Version; OCI-R53), and 

affective factors such as depression, anxiety and stress (DASS-2154) influenced the effects 

found in our main analyses. 

Clinical Study in AN and AN-WR patients. Our clinical study compared risk taking 

(B-BART task performance) in individuals with acute AN, AN-WR, and non-clinical 

controls (as detailed above). We manipulated the stimulus Type (balloon vs. body) and 

stimulus Direction (increasing vs. decreasing) in a repeated-measure design, with condition 

order counterbalanced across participants. Similar to the non-clinical sample, we examined in 

control analyses the influence of affective traits (depression, anxiety and stress) on risk-

taking. Participants received vouchers of 10EUR per hour for their participation. 

 
Balloon and Body Risk Task (B-BART) 
We developed the Balloon and Body Analogue Risk Task (B-BART) by adapting a well-

established behavioural measure of risk-taking, i.e. the Balloon Analogue Risk Task (BART38; 

see also 74,75 for a similar adaptation of the BART). In the B-BART, monetary reward is coupled 

with desirable or undesirable (body) outcomes (i.e. changes to either a female body avatar or a 

balloon). During the task participants click a button to win money. Each click increases the 

amount of money won by £0.05, and simultaneously causes the avatar body (or balloon) to 

increase in size (or in separate conditions, decrease in size). Importantly, each body/balloon 

has a random maximum limit (herein referred to as the ‘loss limit’) that is unknown to the 

participant (see below for task parameters), and when the loss limit is reached any money not 

collected into a permanent bank is lost. Thus, on each trial participants must choose between 

collecting the money they have won so far, or risk losing their winnings and 

increasing/decreasing the body/balloon size further in order to earn more money. 

Stimuli. Stimulus bodies (avatars) were created using a Body Shape Vizualizer (© 

2011, Copyright Max Planck Gesellschaf), which generates a 3D rendered model of a female 

body using specified body measurements (e.g. height and weight). In order to generate bodies 

within a visually realistic range, we fixed the height of the model (164cm) and generated three 

bodies corresponding to World Health Organisation Body Mass Index (BMI) values in the 

normal weight (64kg, BMI = 23.7), underweight (34kg, BMI = 12.6), and obese (125kg, BMI 

= 46.4) categories. Using these three 3D models, a computerised morphing procedure 

implementing a mesh warping algorithm (ABROSOFT FANTAMORPHTM) was then used to morph the 

average body model into the maximally decreased (underweight) and maximally increased 

(obese) body size (see Figure 1; Panel B), generating 116 morphed frames for each of the two 

directions (decreasing and increasing). We followed a similar method to generate balloon 

stimuli: beginning with threes image of a (red) balloon of approximately the same overall 

image size as the average, underweight, and obese bodies, we morphed the average balloon 

into the maximally inflated (increased) and deflated (decreased) balloon, generating 116 
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images in each direction. This resulted in each pump of the balloon increased or decreased the 

image by approximately one pixel in all directions. 

Probability of reaching the maximum limit. The probability that a body or balloon 

would reach its ‘loss limit’ was determined following the method described by Lejuez et al38, 

using an array of N numbers. The number 1 was designated as the limit being reached. On each 

click, a number was randomly selected without replacement from the array. The body/balloon 

reached its limit if the number 1 was selected. The array contained the integers 1-116 (reflecting 

the 116 image frames in each condition). Thus, the probability that the limit would be reached 

on the first pump is 1/116. If the limit was not reached after the first click, the probability that 

it would be reached was 1/115 on the second click, 1/114 on the third click, and so on until the 

116th click, at which point the probability of reaching the limit was 1/1 (i.e. 100%). According 

to this algorithm, the optimal number of clicks is 58, after which point the possible increase in 

earnings is reduced relative to the increased likelihood of reaching the maximum limit and 

losing any money accrued in the temporary bank. 

Task procedure. The B-BART comprised four possible conditions: increasing body, 

decreasing body, increasing balloon, and decreasing balloon. In all studies, participants 

completed 20 trials of the relevant body/balloon conditions. Participants were given 

standardised, written instructions as part of the computerised task before the first trial 

commenced. At no point was the maximum number of pumps possible or probability of 

reaching the maximum limit mentioned to participants. Throughout the task, the number of 

trials (balloons or bodies) remaining and the total amount of money in the temporary and 

permanent bank were displayed on-screen. This information was provided to participants 

following careful piloting. The decision to display the temporary bank balance allowed us to 

examine learning rates based on feedback in our statistical modelling. 

Measures. A number of measures can be derived directly from the BART/B-BART 

task, based on the pumping behaviour of the participant. In the present study we took the 

following measures: 1) as a measure of explicit risk taking we recorded the number of clicks 

(‘pumps’) on ‘winning’ trials (i.e. trials in which the participant collected the accumulated 

money before the maximum limit was reached), and 2) as an implicit measure of risk taking 

behaviour we recorded behavioural uncertainty (i.e. the amount of time (ms) between the last 

pump and collecting the accumulated money from the trial; also referred to as hesitancy in 

collecting earnings). Further parameters derived from our computational modelling were 

analysed as described in the Computational Modelling section below. 

 
Questionnaires and Scales 

Eating Disorders Examination Questionnaire (EDE-Q40). The EDE-Q is a widely-

used self-report measure of eating disorder symptoms, used in research with both clinical and 

non-clinical samples. The EDE-Q provides measures of dietary Restraint, Eating Concern, 

Shape Concern, and Weight Concern – plus a Global scale score computed from the average 

of the four subscales. Higher scores reflect greater eating-related pathology. Cronbach’s 

alpha for the present study samples ranged from 0.85 to 0.95 (see Supplementary Materials). 
Body Image Disturbance Questionnaire (BIDQ51). The BIDQ comprises quantifies 

body image impairment in terms of body dissatisfaction, distress and dysfunction. Low scores 

indicate a low level of concern, no distress, or functional limitation, whereas high scores 

indicating a high level of concern, emotional distress, or impairment of function. Previous 

research51,76 has established the BIDQ as a valid assessment in non-clinical samples with good 

internal consistency and test-retest reliability. 

Barratt Impulsiveness Scale Version 11 (BIS-1152). The BIS-11 is a widely used, self-

reported assessment of impulsiveness, which has also been linked to other personality traits 

including risk-taking propensity and compulsiveness77. The BIS-11 assesses three aspects of 
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impulsiveness: (1) Motor Impulsiveness – i.e. acting without thinking, (2) Non-Planning 

Impulsiveness – i.e. a lack of forethought, and (3) Attentional Impulsiveness – i.e. an inability 

to focus attention or concentrate. Higher scores indicate greater levels of impulsiveness. 

Psychometric data for the BIS-11 indicates good convergent validity, test-retest reliability and 

internal consistency77. 

Depression Anxiety Stress Scales – 21-Item Version (DASS-2154). The DASS-21 is 

a set of three self-report scales designed to measure depression, anxiety and stress. Scores for 

each scale are calculated by summing the relevant subscale items, with higher scores indicating 

a greater occurrence of the specific dimension. The DASS-21 has demonstrated good 

psychometric properties, with good concurrent validity and internal consistency78. 

Obsessive-Compulsive Inventory (short version, OCI-R53). The OCI-R is a self-

report questionnaire designed to assess a variety of obsessions and compulsions, including 

obsessing, washing, hoarding, ordering, checking and neutralizing behaviours. The outcome 

measure is a sum of all items, with a possible range from 0-72, and higher scores indicating 

greater obsessive-compulsive behaviours. The OCI-R has good to excellent internal 

consistency, test-retest reliability, and convergent validity53. 

 
General Procedures 

Non-clinical studies. Study 0 (pilot) was conducted online using Inquisit 

(Millisecond software; https://www.mililisecond.com) to administer the B-BART and Online 

Surveys (https://www.onlinesurveys.ac.uk) for completion of questionnaires. Study 1 took 

place at a public event, with the B-BART (programmed in C++) and completion of 

questionnaires taking approximately 20 minutes to complete. Study 2 was conducted at an 

experimental psychology laboratory located at University College London. Participants 

completed the B-BART and all questionnaires in a single session lasting approximately 1.5 

hours. 
Clinical study. Participants were tested in a single session at an eating disorder research 

clinic in Milan, Italy, by an experienced psychology research assistant. The session included a 

clinical assessment (including measurement of height and weight), B-BART, and 

questionnaires. Note that 4 out of the 31 AN patients completed only two out of the four B-

BART conditions due to an administrative error. 
 
Statistical Analyses 
All statistical analyses were performed with R79 with figures generated using ggplot 280. 

Non-clinical studies. We were interested in testing how risk-taking in a non-clinical 

sample is affected by the level of restrictive eating (indexed by EDE-Q restraint score), 

stimulus Type (body or balloon) and stimulus Direction (increasing or decreasing). Our pilot 

study (Study 0) and public event (Study 1) utilised a between-subject design, with 

participants randomly allocated to either increasing body or decreasing body conditions (see 

Design). We performed separate simple linear regression on each condition to determine how 

risk taking changes as EDE-Q Restraint increases. We used as dependent variable the average 

number of clicks per participant for trials where the participant collected winnings prior to 

the body reaching the loss limit. Independent variables were EDE-Q Restraint score, Age and 

BMI. This analysis did not allow us to directly assess the interaction between Direction and 

EDE-Q Restraint; however, inspection of the regression slopes of each condition provided a 

guide to the effect direction and magnitude of the relative change in risk-taking dependent on 

EDE-Q Restraint for each stimulus Direction. We analysed the data from these two studies 

both separately and together (reporting the results in Supplementary Materials for brevity). 
Subsequently, we collected the data for Study 2, in which participants undertook all 

four conditions (Increasing Body, Decreasing Body, Increasing Balloon, Decreasing Balloon) 

https://www.mililisecond.com/
https://www.onlinesurveys.ac.uk/
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in a within-subject design. To evaluate the relative difference in risk taking between conditions 

as EDE-Q Restraint increases, we performed step-wise Multilevel modelling analysis on the 

combined data from Studies 0, 1 and 2, culminating in the effect of the interaction between 

stimulus Type (Body/Balloon), Direction (Increasing/Decreasing), and EDE-Q Restraint 

score. As Random Effects we used the intercepts (not slopes) of the Subject (Participant ID), 

Condition Order and Experimenter. As Fixed Effects, participant Age and BMI were used as 

covariates, and Stimulus, Direction and EDE-Q Restraint were used as independent variables 

of interest. The same analysis was run twice; firstly, to assess explicit risk-taking, we used as 

dependent variable the number of pumps made by the participant on “winning” trials, i.e. where 

earnings were collected prior to the limit being reached. Secondly, as a measure of decision-

making uncertainty, we used as dependent variable the Logarithm of the time taken between 

the last pump and the collection of temporary earnings (multiplied by 1000 to make the results 

more readable). We labelled this variable hesitancy (in collecting earnings, which we collected 

in Study 1 and 2 but not the pilot (Study 0) due to limitations of the software used. Within these 

step-wise analyses, from each model to the next, we added one independent variable and 

measured with R’s “anova” function (of the “stats” package) if this addition increased in a 

statistically significant way the explanatory power of our model. The “anova” function of R 

takes as input the step-wise sequentially constructed nested Multilevel models, and compares 

them sequentially, two at a time, using a Chi Square test of the deviances of the two sequential 

models, to test whether the more general model fits significantly better than the simpler model. 

The following sequential steps took place in this process: a) we used the Random 

Effects as the baseline model, b) we evaluated the effect of Age and BMI with respect to the 

baseline, c) we evaluated the effects of Stimulus and Direction independently as well as their 

interaction with respect to the previous steps, d) we evaluated the effect of EDE-Q Restraint 

and its interaction with Stimulus and Direction with respect to the previous steps (i.e. the three-

way interaction between EDE-Q x Stimulus x Direction). Where this three-way interaction was 

the winning model (i.e. the model providing a significantly better fit for the data than any of 

the simpler models, as determined by our hierarchical MLM procedure) we subsequently broke 

down this interaction by performed a similar step-wise Multilevel analysis to evaluate the 

significance and effect of two planned comparisons/interactions of interest. We were 

specifically interested in establishing if individuals with higher levels of eating restraint took 

less risk when reward was coupled with an ‘undesirable’ body outcome (i.e. increasing size), 

while taking more risk when the outcome was a ‘desirable’ body (i.e. decreasing size). We 

therefore compared the regression slopes of each body condition with its respective balloon 

control condition (i.e. body increase vs. balloon increase; and body decrease vs. balloon 

decrease). 

In results tables we present summary information comprising a) the slope b, and its SD 

taken from the most complex model in the step-wise MLM analysis, b) Chi squared and p-

values are the results of the ‘anova’ comparison between the model of the current step (most 

complex model) and the model of the previous step, c) Cohen’s f squared is computed 

comparing the Fixed and Random Effects variance between the current model and the “empty” 

model (the model with no Fixed Effects). The full statistical models and results from these 

analyses are presented in the Supplementary Materials.  

Clinical study. To examine risk-taking in acute AN and AN-WR patients compared to 

HCs we first performed a series of preliminary analyses (reported in Supplementary Materials) 

to create and validate a healthy control group from our large, non-clinical, healthy control 

sample. Briefly, this involved creating two sub-groups of healthy controls characterised by high 

or low disordered eating (HC-L and HC-H respectively). We created these two groups by 

selecting from our Study 2 healthy control sample individuals with (1) a BMI matching that of 

the AN-WR patients (in order to remove, as much as possible, the effect of BMI in Risk-taking; 
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in the clinical study BMI was used as a covariate, but cannot be used as such here since BMI 

is one of the dimensions used to define the clinical groups), and (2) an EDE-Q Restraint score 

in the lowest quartile of the sample (i.e. 25th percentile; HC-L; N = 38) and highest quartile 

(i.e. 75th percentile; HC-H; N = 35), in order to see if the HCs with high levels of restrictive 

eating (similar to the same subscale scores of the AN group) and the HCs with low levels of 

restrictive eating performed differently in risk-taking compared to the AN group in the four 

experimental conditions. 

Our main analysis followed the same strategy to that used to analyse the non-clinical 

data. We examined the relative difference in risk-taking across the four within-subject 

conditions (increasing body, decreasing body, increasing balloon, decreasing balloon) and 

between groups (AN, AN-WR, HC-L, HC-H) using step-wise Multilevel modelling that 

culminated with the three-way interaction between the Stimulus Type (Body/Balloon), 

Direction (Increasing/Decreasing) and Group. As Random Effects we used the intercepts (not 

slopes) of the Subject (Participant ID), and Condition Order. As Fixed Effects, Age was used 

as a covariate, and Stimulus, Direction and Group were used as the independent variables of 

interest. The dependent variables were 1) our explicit measure of risk taking, i.e. the number 

of clicks for the collected trials, and 2) hesitancy (as above). Within these step-wise analysis, 

from each model to the next, we added one independent variable and measured with R’s ‘anova’ 

package if this addition increased in a statistically significant way the explanatory power of 

our model.  

Following the same procedure used to analyse the non-clinical data: a) we used the 

Random Effects as the baseline model, b) we evaluated the effect of Age with respect to the 

baseline, c) we evaluated the effects of Stimulus and Direction independently as well as their 

interaction with respect to the previous steps, d) we evaluated the effect of Group and its 

interaction with Stimulus and Direction with respect to the previous steps. Subsequently, we 

performed a step-wise Multilevel analysis to evaluate the significance and effect of the three-

way interaction, using the same planned comparisons described above for the non-clinical data 

analysis. However, instead of looking at the differences between conditions dependent on EDE-

Q restraint scores, we compared in each analysis the relative difference in the slopes of the 

clinical groups to that of the HC-L group. 

 
Computational Modelling 
We implemented two sets of cognitive models to examine 1) uncertainty vs. risk, and 2) 

aversion to risk vs. loss, as drivers of observed risk-taking behaviour. Based on previous 

modelling studies on the BART45,58, we created two sets of models to assess these two 

objectives (see Introduction for an overview and Supplementary Materials for full modelling 

details). In each case we tested the fit and compared the models in the non-clinical data using 

Maximum Likelihood Estimation (MLE), BIC and AIC. We selected the winning model based 

on best fit as detailed in the Supplementary Materials. Further analysis, as detailed below, was 

conducted on the parameters of the winning models. The Exploration-Exploitation model has 

three parameters: (a) Prior Probability of Loss Belief (loss belief during Exploration), (b) 

Posterior Probability of Loss Belief (loss belief during Exploitation), and (c) Threshold (the 

trial at which the transition from Exploration to Exploitation takes place. The EW model 

(described fully in 46 and summarised in Supplementary Materials) contains five parameters, 

two of which are of direct relevance to the current study aims and are summarised here (see 

Supplementary Materials for full details). Risk aversion (ρ) indicates an individual’s sensitivity 

to the value of reward change, such that individuals with higher risk avoidance take less risk 

to get the same amount of reward. Loss-aversion (λ) indicates an individual’s sensitivity to 

negative outcomes, such that potential loss is perceived as more severe for higher λ. 
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Model Validation. To validate the exploration-exploitation model of uncertainty and 

risk, we analysed in our non-clinical samples whether two independent behavioural measures 

not used to construct the model (i.e. hesitancy calculated as described above, and behavioural 

variability calculated as SD/Average clicks), showed an expected difference between 

exploration and exploitation phases, with greater hesitancy and behavioural variability 

expected during exploration compared to exploitation. We compared between Phases 

(exploration vs. exploitation) the hesitancy and behavioural variability (see Supplementary 

Materials). Secondary validation was performed via supervised learning clustering analysis as 

specified in Supplementary Materials. 

Analysis. We conducted two sets of analyses on the modelling data, with the aim of 

first examining if decisions are made under uncertainty versus risk, and whether this might 

provide an explanation for general and body-related risk taking across different levels of non-

clinical and clinical eating restriction. We then looked at whether risk- or loss-aversion might 

provide a better explanation of risky decision-making behaviours across the different levels of 

non-clinical and clinical restrictive eating. The analysis was the same for both sets of 

modelling.  To analyse data from the non-clinical sample, we used separate MLMs with the 

winning models’ parameters as dependent variables, and EDE-Q restraint, age and BMI as 

independent variables. For the modelling of uncertainty versus risk we also conducted this 

analysis with hesitancy as the dependent variable (separately for exploration and exploitation). 

For our clinical data we examined how these same dependent variables (model parameters) 

were affected in AN and AN-WR patients, following the same plan of analysis used for our 

behavioural data, i.e. by examining for each dependent variable the overall effect of group (HC-

L, HC-H, AN, AN-WR) and the 3-way interaction between Group (HC-L, AN, AN-WR), 

Stimulus Type (Body, Balloon) and Direction (Increase, Decrease), with planned comparisons 

carried out if the main effect or three-way interaction was significant. 
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Table 1. Demographic and clinical characteristics. 

 Clinical Study Non-Clinical Study 
 AN AN-WR HC-L HC-H S0+S1 S2 

  Mean (sd) Mean (sd) Mean (sd) Mean (sd) Mean (sd) Mean (sd) 

N 31 23 38 35 170 315 

Age 24.9 (8.72) 26.13 (7.5) 22.89 (3.29) 22.46 (4.67) 32.28 (10.58) 23.92 (6.63) 

BMI 15.88 (1.48) 19.7 (1.72) 19.51 (0.91) 19.73 (0.83) 22.23 (2.61) 22.21 (4.33) 

Illness duration (years) 7.55(8.17) 4.66(4.53) - - - - 

Avg Pumps 25.73 (12.62) 24.66 (15.35) 33.41 (9.47) 31.58 (7.67) 34.35 (14.56) 33.15 (10.99) 

Hesitance 589.09 (246.08) 580.36 (220.66) 300.7 (301.69) 357.28 (422.54) - 303.26 (322.48) 

EDE-Q Total 2.98 (1.67) 2.19 (1.75) 0.44 (0.51) 2.53 (1.07) 1.53 (1.12) 1.61 (1.26) 

EDE-Q Restraint 2.44 (1.89) 1.91 (1.8) 0 (0) 2.83 (1.15) 1.46 (1.47) 1.31 (1.42) 

DASS-21 Anxiety 7.5 (4.52) 6.27 (4.98) 5.56 (5.61) 5.5 (4.83) - 5.77 (4.46) 

DASS-21 Depression 12.65 (5.94) 7.91 (6.02) 4.56 (4.19) 6.5 (4.65) - 4.81 (4.09) 

DASS-21 Stress 13.04 (4.89) 8.82 (5.32) 6.22 (5.02) 8.21 (4.28) - 7.74 (4.53) 

OCD-10 Total - - 12.67 (8.47) 23.86 (14.35) - 21.09 (13.25) 

BIS-11 Total - - 64.92 (11.99) 69.45 (11.32) - 68.13 (11.42) 
       

Psychiatric Comorbidities 14 Mood disorder 9 Mood disorder     

  5 GAD  6 GAD     

 9 OCD 4 OCD     

 3 Panic disorder 6 Panic disorder     

 2 Personality disorder 0 Personality disorder     

Current Medication 4 Antidepressants 1 Antidepressants     

 2 Sedatives 0 Sedatives     

 1 Anxiolytics 1 Anxiolytics     

 3 Antipsychotics 1 Antipsychotics     

Note: one AN participant was removed from the Hesitance overall mean because she was an outlier in overall slowness. Anxiety disorders includes panic 
disorder; mood disorders include MDD. Dashes indicate measure not taken. 
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Table 2. Results of main behavioural analyses in non-clinical (upper half) and clinical (lower half) samples 
 

  non-Clinical Explicit Risk-Taking  non-Clinical Hesitance 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

EDE-Q Restraint -0.8(0.38) 0.037 4.35(1) 0.008  -2.95(7.55) 0.696 0.15(1) 0.026 

Stimulus x Direction x EDE-Q Restraint -0.76(0.26) <0.001 21.22(3) 0.008  8.67(6.49) 0.014 10.57(3) 0.035 
                   

  non-Clinical Risk-Taking Increase Body vs Balloon  non-Clinical Hesitance Increase Body vs Balloon 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

Stimulus x EDE-Q Restraint -0.64(0.18) <0.001 12.14(1) 0.014  13.45(4.56) 0.003 8.67(1) 0.023 

                   
  non-Clinical Risk-Taking Decrease Body vs Balloon  non-Clinical Hesitance Decrease Body vs Balloon 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

Stimulus x EDE-Q Restraint 0.01(0.18) 0.957 0(1) -0.008  4.66(4.6) 0.311 1.03(1) 0.037 

 
  Clinical Explicit Risk-Taking  Clinical Hesitance 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 
ALL GROUPS  0.005 12.7(3) 0.055   <0.001 21.25(3) 0.103 

AN vs HC-L -7.44(2.6) 0.005 7.72(1) 0.062  316.6(68.51) <0.001 18.65(1) 0.150 

AN-WR vs HC-L -8.63(3.25) 0.01 6.66(1) 0.067  271.77(71.3) <0.001 13.02(1) 0.111 
HC-H vs HC-L -2.01(1.97) 0.308 1.04(1) 0.02  48.51(78.34) 0.536 0.38(1) 0.014 

Stimulus x Direction x GROUP  0.001 27.36(9) 0.059   <0.001 41.84(9) 0.106 

                   

  Clinical Risk-Taking Increase Body vs Balloon (AN vs HC-L)  Clinical Hesitance Increase Body vs Balloon (AN vs HC-L) 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

Stimulus x GROUP -1.93(1.01) 0.058 3.61(1) 0.085  124.95(27.66) <0.001 20.27(1) 0.202 

                   
  Clinical Risk-Taking Decrease Body vs Balloon (AN vs HC-L)  Clinical Hesitance Decrease Body vs Balloon (AN vs HC-L) 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

Stimulus x GROUP 4.11(1.03) <0.001 15.49(1) 0.049  12.87(26.64) 0.63 0.23(1) 0.142 

                   
  Clinical Risk-Taking Increase Body vs Balloon (AN-WR vs HC-L)  Clinical Hesitance Increase Body vs Balloon (AN-WR vs HC-L) 
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Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

Stimulus x GROUP -2.37(1.1) 0.031 4.66(1) 0.069  35.73(27.59) 0.195 1.68(1) 0.121 

                   

  Clinical Risk-Taking Decrease Body vs Balloon (AN-WR vs HC-L)  Clinical Hesitance Decrease Body vs Balloon (AN-WR vs HC-L) 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

Stimulus x GROUP 2.65(1.11) 0.017 5.68(1) 0.060  19.66(28.01) 0.483 0.49(1) 0.121 
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Table 3. Results of uncertainty vs. risk computational modelling analyses in non-clinical (upper half) and clinical (lower half) samples 

  non-Clinical Prior Probability of Loss Belief (exploration)  non-Clinical Prior Hesitance (exploration) 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

EDE-Q Restraint 0.02(0.02) 0.325 0.97(1) 0.044  1.24(9.14) 0.892 0.02(1) 0.044 

Stimulus x Direction x EDE-Q Restraint 0.01(0.04) 0.442 2.69(3) 0.044  9.41(17.27) 0.825 0.9(3) 0.055 

          
  non-Clinical Posterior Probability of Loss Belief (exploitation)  non-Clinical Posterior Hesitance (exploitation) 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

EDE-Q Restraint 0.04(0.02) 0.018 5.57(1) 0.025  -1.99(8.48) 0.814 0.06(1) 0.050 

Stimulus x Direction x EDE-Q Restraint -0.01(0.03) 0.379 3.08(3) 0.025  11.75(13.82) 0.773 1.12(3) 0.068 
 

  Clinical Prior Probability of Loss Belief (exploration)  Clinical Prior Hesitance (exploration) 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

GROUP  0.043 8.15(3) 0.048   <0.001 19.63(3) 0.121 

AN vs HC_L 0.29(0.15) 0.065 3.4(1) 0.038  307.32(65.85) <0.001 18.72(1) 0.216 

AN-WR vs HC_L 0.34(0.15) 0.029 4.79(1) 0.076  313.04(71.74) <0.001 16.63(1) 0.172 

HC_H vs HC_L 0.05(0.09) 0.598 0.28(1) 0.026  68.93(81.48) 0.399 0.71(1) 0.147 

Stimulus x Direction x GROUP  0.284 10.88(9) 0.075   0.162 13(9) 0.135 

                   
  Clinical Posterior Probability of Loss Belief (exploitation)  Clinical Posterior Hesitance (exploitation) 

Effect β(sd) p 𝑿𝟐(df) 𝒇𝟐  β(sd) p 𝑿𝟐(df) 𝒇𝟐 

GROUP  0.002 14.96(3) 0.105   <0.001 18.98(3) 0.145 

AN vs HC_L 0.39(0.16) 0.019 5.46(1) 0.071  310.53(67.94) <0.001 18.15(1) 0.242 

AN-WR vs HC_L 0.53(0.18) 0.004 8.07(1) 0.127  254.11(75.08) 0.001 10.49(1) 0.023 

HC_H vs HC_L 0.01(0.1) 0.958 0(1) 0.052  49.37(81.65) 0.546 0.36(1) 0.017 

Stimulus x Direction x GROUP  0.527 8.07(9) 0.116   0.297 10.69(9) 0.149 
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Table 4. Results of risk vs loss aversion computational modelling analyses in non-clinical (upper half) and clinical (lower half) samples 

  Exponential Weighting Model 
(Risk-Aversion & Loss-Aversion parameters ρ & λ) 

   Risk-Aversion (ρ)  Loss-Aversion (λ)  

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

EDE-Q Restraint  -0.02(0.01) <0.001 0.067  0.01(0.03) 0.675 0.001 

Stimulus x Direction x EDE-Q Restraint  0(0) 0.25 0.068  0.01(0.01) 0.689 0.001 

         
  Risk-Aversion Increase Body vs Balloon  Loss-Aversion Increase Body vs Balloon 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

Stimulus x EDE-Q Restraint  0(0) 0.545 0.069  0(0.01) 0.503 0.001 

         
   Risk-Aversion Decrease Body vs Balloon   Loss-Aversion Decrease Body vs Balloon 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

Stimulus x EDE-Q Restraint  0(0) 0.152 0.065  0 (0.01) 0.562 0.001 

 

  Exponential Weighting Model 
(Risk-Aversion & Loss-Aversion parameters ρ & λ) 

  Risk-Aversion (ρ)  Loss-Aversion (λ) 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

ALL GROUPS  -0.01(0.05) 0.16 0.067  0(0.17) 0.42 0.023 

AN vs HC-L  -0.09(0.05) 0.073 0.125  0(0.17) 0.994 0.000 

AN-WR vs HC-L  -0.11(0.05) 0.041 0.072  0.31(0.18) 0.09 0.048 

HC-H vs HC-L  -0.05(0.03) 0.089 0.120  0.01(0.13) 0.919 0.000 

Stimulus x Direction x GROUP  0.03(0.02) 0.006 0.068  0.04(0.06) 0.123 0.024 

         
   Risk-Aversion Increase Body vs Balloon (AN vs HC-L)  Loss-Aversion Increase Body vs Balloon (AN vs HC-L) 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

Stimulus x GROUP  0.01(0.01) 0.417 0.108  -0.01(0.04) 0.751 0.004 

         



32 of 32 

   Risk-Aversion Decrease Body vs Balloon (AN vs HC-L) Loss-Aversion Decrease Body vs Balloon (AN vs HC-L) 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

Stimulus x GROUP  -0.02(0.01) 0.064 0.128  -0.05(0.04) 0.208 0.000 

         
   Risk-Aversion Increase Body vs Balloon (AN-WR vs HC-L) Loss-Aversion Increase Body vs Balloon (AN-WR vs HC-L) 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

Stimulus x GROUP  0.03(0.01) 0.015 0.065  0.07(0.04) 0.141 0.048 

         
   Risk-Aversion Decrease Body vs Balloon (AN-WR vs HC-L) Loss-Aversion Decrease Body vs Balloon (AN-WR vs HC-L) 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

Stimulus x GROUP  -0.02(0.01) 0.044 0.085  -0.08(0.04) 0.043 0.051 

         
   Risk-Aversion Increase Body vs Balloon (HC-H vs HC-L)  Loss-Aversion Increase Body vs Balloon (HC-H vs HC-L) 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

Stimulus x GROUP  0.02(0.01) 0.032 0.122  0.04(0.04) 0.268 0.000 

         
   Risk-Aversion Decrease Body vs Balloon (HC-H vs HC-L)  Loss-Aversion Decrease Body vs Balloon (HC-H vs HC-L) 

Effect  β(sd) p 𝒇𝟐  β(sd) p 𝒇𝟐 

Stimulus x GROUP  -0.02(0.01) 0.022 0.126  -0.03(0.03) 0.373 0.002 
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