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Abstract 

In this study an attempt is made to validate a virtual reality (VR) version of the Balloon 

Analogue Risk Task (BART). The BART is a behavioral measure of a person’s risk taking propensity 

(RTP). Using a virtual reality environment instead of a regular computer interface for this task can 

make the task more closely resemble a real situation, and thereby improve its validity.   

 The original BART validation study (Lejuez et al., 2002) is replicated, with a VR BART in 

addition to a regular computer-based (CB) BART. The results found in the original study, were not 

found with the VR BART. Therefore, the VR BART can not be validated as an assessment tool for RTP 

at this point. However, by comparing the CB and VR BARTs in the current sample, insights into the 

the use of VR for RTP assessment are gained. By comparing how people do on both tasks, this study 

shows that people act more risk-averse in a VR BART. Furthermore, by comparing subjective 

immersion in the CB and VR BARTs in the current sample, it is shown that people feel a higher sense 

of immersion when doing the task in VR. This study argues that the fact that people take less risks in 

the same task when they are more immersed in the task environment, indicates that a VR BART is 

better at capturing peoples natural behavior than a CB BART. More generally, this study argues that 

being able to understand risk-taking behavior on an individual level, will require the design of 

immersive and realistic test situations, which could be made with VR.  
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Introduction 

Taking a risk is usually defined as engaging in behavior that involves some danger or chance 

of harm (Leigh, 1999; Trimpop, 1994). People accept these dangers because there is some reward 

that they might gain from the behavior. When people choose whether to take a risk, they compare 

the potential dangers of the behavior, and the chance of those dangers happening, with the 

potential benefit of the behavior (Vlek & Stallen, 1980).       

 Perceived risk can be defined as the reaction of an individual to this calculation (Vlek & 

Stallen, 1980). Two people might perceive a different level of risk for the same situation, as this is 

affected by many components other than the situation itself (Slovic, 1964). Several authors 

investigated the link between individual differences and risk-taking behavior. Previous studies 

suggested, for instance, that risk-taking behavior is related with aspects such as personality factors 

(Bogg and Roberts, 2004; Gullone & Moore, 2004), age (Jozef et al., 2016), and gender (Byrnes et al., 

1999). The likelihood of an individual engaging in risk-taking behavior regardless of the situation can 

be summarized by the term risk-taking propensity (RTP) (Slovic, 1964).    

 It is important to be able to understand and predict risk-taking behavior. Risk-taking 

behavior, by definition, carries some sort of danger. Smoking, stealing, doing drugs, etc. all have the 

potential for substantial negative outcomes for the person engaging in them, and for society at 

large. Being able to assess RTP can lead to a better understanding of the causes of risk-taking 

behavior which could help prevent risky situations. Therefore, it is important to be able to accurately 

assess RTP.           

 Assessment of RTP can be done in different ways. RTP is often assessed using self-report 

measures for constructs that are thought to be related to risk-taking (e.g., venturesomeness 

(Eysenck et al., 1985), impulsivity (Patton et al., 1995) or sensation-seeking (Zuckerman et al., 1978)) 

or behaviors that are considered risk-taking (e.g., smoking, drug use, or alcohol consumption). There 

are disadvantages to using self-report measures to assess RTP though. Firstly, self-report measures 

can measure factors that are related to RTP, but due to the multifaceted nature of RTP, they cannot 
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assess it in its entirety. This is especially clear with the assessment of behavioral outcomes of risk-

taking: someone might smoke daily (associated with high RTP) but never drink (associated with low 

RTP). Secondly, questionnaires are self-report tools, and therefore respondents can be affected by 

two types of bias are likely to occur in self-report data. First, there is social desirability bias, which 

causes people that are filling in a questionnaires to answer in a way that makes them look more 

socially desirable, especially when answering questions about sensitive subjects like drug use 

(Althubaiti, 2016). Then, there is recall bias, which causes people to sometimes misremember or 

misattribute when answering questions about themselves and situations they have been in, causing 

them to give a false account of the situation (Althubaiti, 2016).      

 To counteract some of the disadvantages of self-report measures, and assess RTP more 

accurately, Lejuez et al (2002) developed the Balloon Analogue Risk Task (BART). The BART is a 

behavioral measure of RTP, usually done on a computer, where participants are tasked with filling up 

balloons with air. Specifically, participants are informed that they will receive an amount of money 

depending on how much air they pump into the balloon, but they will not get any money if the 

balloon explodes. Every balloon takes a different number of pumps to explode, and the participant 

can collect their reward whenever they choose. The goal of the task for the participant is to pump as 

much air into the balloon as possible, without it exploding.        

 While the assessment of RTP has come a long way with the BART, it can still be improved. 

Researchers have found that the BART has low convergent validity with other measures of RTP that 

might impede its use as a valid assessment tool (Duckworth & Kern, 2011; Hopko et al., 2005; 

Lauriola et al., 2014; Steiner & Frey, 2021). In particular, researchers have argued that by increasing 

the realism of the BART, participants' reactions will also be more realistic, and it will thereby 

increase the BART’s (ecological) validity (i.e. to what extent findings in a research setting can be 

generalized to a real world setting) (de-Juan-Ripoll et al., 2018; Slater, 2009). Recently, researchers 

have started using virtual reality (VR) in RTP assessment to achieve that end (Delanie et al., 2021; de-

Juan-Ripoll et al., 2021). Other than the ability to instill more realism into RTP assessment, by 
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creating immersive research environments and realistic stimuli, VR has a few additional practical 

advantages as a research tool. Using VR can make it easier to do stealth assessments, meaning the 

assessment is interwoven and integrated, for instance, in a gamified learning task in a way that is not 

perceived by the users as a separate form of evaluation (de-Juan-Ripoll et al., 2018). Stealth 

assessment has the potential to decrease noise from data, as participants will be less affected by 

response bias and test anxiety (Giglioni et al., 2017). Furthermore, VR makes it easier and more 

natural to monitor physiological data, as measurement tools can often be incorporated in the VR 

hardware (Bohil et al. 2011; Halbig & Latoschik, 2021). One disadvantage of using VR that should be 

taken into consideration is the relatively often occurring motion sickness for users of VR (Chatta et 

al., 2020), which could make it difficult to finish an assessment for some people. Despite the 

practical disadvantage of motion sickenss, VR can still offer multiple advantages to RTP assessment, 

including several practical advantages and most importantly increasing the immersion felt by the 

person tested. Therefore, the BART task can be improve by using a VR environment to display the 

task, as this will make it a better assessment tool, due to increasing its ecological validity 

Hypotheses           

 The BART is a well-established tool for the assessment of RTP, but its ecological validity 

could potentially be improved by using a VR environment to display the task instead of a normal 

graphical user interface (GUI). In this research, the validity of a VR version of the BART, and the 

immersion felt by those that do the task in VR (subjective immersion), are investigated. The primary 

goal of this research is to validate the VR BART as a tool to measure RTP. To achieve this, the original 

BART validation study by Lejuez et al. (2002) is replicated. Furthermore, the original study is 

extended, by also investigating whether a VR BART would elicit similar results to the computer-

based (CB) version of the task. Specifically, like in the original study, adjusted number of pumps 

(ANP) is calculated, by adding the number of times participants pumped for every balloon that did 

not end up exploding together. It is investigated whether there is any difference in the ANP of 

participants when using the CB BART and VR BART. Then, it is investigated whether correlations 
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between ANP and scores on self-report measures for risk-constructs and risk behaviors that were 

found by Lejuez et al. (2002), can be replicated when participants perform the BART in a VR 

environment. Finally, to confirm the potential upside of using VR, it is investigated whether people 

indeed feel that they are more immersed in a VR environment when doing the BART. To achieve 

these goals, the following three hypotheses were investigated: 

H1:  There is no significant difference between ANP on the CB BART and the VR BART 

H2:  Risk-related constructs and risk behaviors that were correlated with ANP in the original 

research by Lejuez et al. (2002) are also correlated with ANP on the VR BART of the 

participants in the present study 

H3:  Subjective immersion is significantly higher for participants when they perform the VR BART 

as compared to the CB BART 

Methods 

Participants 

Data from 20 people (11 men and 9 women) between the ages of 19 and 56 (m = 28.2, sd = 

9.2) was used. Of these 20 participants, 17 were Dutch (85%), one was German (5%), one was 

Bulgarian (5%) and one was from Luxembourg (5%). Furthermore, only two participants (10 %) had 

no former experience with VR. Participants were recruited in two different ways. 18 participants 

(90%) were recruited by convenience sampling: through the personal network of the researcher, 

people were asked to participate in the study. Two participants (10%) were recruited by using the 

University of Twente’s participant recruitment platform (SONA). Participants had to be over 18 years 

old. Of the 24 people that signed up, one did not show up, and three got sick during the VR portion 

of the experiment and had to quit prematurely.  
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Materials  

The material used in the present experiment can be divided in two main components: i) the 

battery of self-report measures for various risk-related constructs, risk behaviors, subjective 

immersion, and motion sickness; and ii) the CB and the VR BART.  

The battery of self-report measures  

A battery of self-report measures similar to the one used by Lejuez et al. (2002) was used. 

For a list of changes between the original battery and the current battery see Appendix A. 

Risk-related constructs  

Sensation seeking. Sensation seeking was measured using the 8-item Brief Sensation 

Seeking Scale (BSSS; Hoyle et al., 2002). It assesses four factors of sensation seeking (experience 

seeking, boredom susceptibility, thrill and adventure seeking) using a 5-point Likert scale. Hoyle et 

al. (2002) reported an internal consistency of .76.  

Impulsivity. Impulsivity was measured using the 15-item Baratt Impulsiveness Scale short 

form (BIS-15; Spinella, 2007). It assesses three factors of impulsivity (attention impulsivity, motor 

impulsivity and non-planning) on a 4-point Likert scale. Spinella (2007) reported an internal 

consistency of .79.  

Impulsivity/Venturesomeness. Impulsivity was also measured alongside venturesomeness 

using the impulsivity (I7-I) and venturesomeness (I7-V) subscales of the Eysenck Impulsiveness Scale 

(I7; Eysenck et al., 1985). Both are assessed using yes/no questions. Impulsivity was assessed using 

19 items, and venturesomeness using 16 items. Eysenck et al. (1985) reported internal consistencies 

for both subscales controlled by gender. Impulsivity had internal consistencies of 0.84 (male) and 

0.83 (female) and venturesomeness had internal consistencies of 0.85 (male) and 0.84 (female). 

Behavioral constraint. Behavioral constraint was measured using the 37-item behavioral 

constraint superfactor of the multidimensional personality questionnaire brief form (MPQ-BF; 

Patrick et al., 2002). The behavioral constraint superfactor consists of the control, harm avoidance 

and traditionalism, and is assessed with true/false questions. Patrick et al. (2002) reported internal 



10 
 

consistencies of .74, .76 and .78 for the control, harm avoidance and traditionalism scales 

respectively.  

Risk behaviors 

Alcohol consumption. Alcohol consumption was measured using the 10-item Alcohol Use 

Disorders Identification Test (AUDIT; Saunders et al., 1993), which assesses quantity and frequency 

of drinking, symptoms of dependence, adverse psychological reactions, with multiple choice items. 

Its reliability has since been tested, with a review from Reinert & Allen (2007) finding 18 studies from 

2002 till 2005 which have reported internal consistencies ranging from .75 to .97 (median = .83).  

Drug use. Drug use was measured by asking the participant how much of several classes of 

drugs they had consumed over the past 12 months. The following classes of drugs are used: 1. 

cocaine, 2. heroin, 3. marijuana, 4. amphetamines, 5. inhalants, 6. tranquilizers, 7. hallucinogens, 8. 

ecstasy, 9. opioid analgesics, 10. synthetic drugs, 11. anabolic androgenic steroids, 12. other.  

Gambling behavior. Gambling behavior was measured using a 23-item version of the 

Gambling Attitudes and Beliefs Survey (GABS-23; Bouju et al., 2013). The GABS-23 assesses gambling 

behavior along five factors: attitudes, chasing, emotions, luck, and strategy, on a 4-point Likert scale. 

Bouju et al. (2013) validated the GABS-23 with 2 replicate studies, reporting an internal consistency 

of .93 for the first, and .89 for the second.  

Behaviors measured with a single item. Cigarette use, risky sexual behavior, stealing, and 

seatbelt use were measured using the same single items that were used by Lejuez et al (2002).  

Participants were asked the following questions. For cigarette use: “what is the average number of 

cigarettes you smoke daily?”. For sexual behavior: “over the past 12 months, with how many people 

have you had sexual intercourse without a condom?”. For stealing: “over the last 12 months, how 

many times have you stolen something from the store?”. For seatbelt use: “what percentage of time 

do you wear a seatbelt while driving in a car?”.  
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Additional self-report measures 

In contrast to the original study, one measure was added to assess the subjective immersion 

felt by participant in both environments. Moreover, one measure was added to assess motion 

sickness during the VR-simulation.  

Subjective Immersion. Sense of presence was measured using the 11-item I-group presence 

questionnaire (IPQ; Berkman & Çatak, 2021). The IPQ measures a users subjective sense of being in a 

virtual environment, and this was interpreted as a marker of subjective immersion. The IPQ assesses 

sense of presence in a virtual environment along three factors: spatial presence, involvement, and 

realism. Additionally, it contains one item that assesses ‘general sense of being there’. The IPQ uses 

a 5-point Likert scale. Berkman and Çatak (2021) reported internal consistencies of 0.77, 0.68 and 

0.65 for spatial presence, involvement, and realism respectively.  

Motion sickness. The virtual reality sickness questionnaire (VRSQ, Kim et al., 2018) was used 

to assess motion sickness symptoms in participants. The VRSQ measures symptoms specifically 

related to motion sickness while in virtual reality. It assesses virtual sickness along two factors: 

oculomotor (4 items) and disorientation (5 items).  

General properties of the BART  

The BART is a task in which pariticipants pump air into balloons. Every time a participant 

pumps, the balloon gets bigger and they store points in a temporary bank. At any point, the 

participant can either choose to pump, or stop pumping and collect the points in their temporary 

bank, at which point these points are moved to a permanent bank and the participant moves on to 

the next balloon. The balloons all have ‘breaking points’. When the number of pumps go past this 

breaking point, the balloon will explode, the participant loses any points in the temporary bank, and 

they move onto the next balloon.   

Computer based BART. The computer-based BART GUI consisted of: a red balloon, a label 

that says “Press ‘Spacebar’: Inflate balloon”, a label that says “Press ‘Enter’: Collect points”, a label 

that says “Total earned:” and displays the total points earned for this round (every balloon added 
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up), and a label that says ”Last balloon:” and displays the points earned on the last balloon (see 

figure 1). The computer-based BART was made using Opensesame (version 3.3.12), an open-source 

program based on python that is used to create behavioral experiments (Mathôt et al., 2012). 

Figure 1 

GUI for the computer-based BART 

 

 

Virtual reality BART. The VR BART environment consisted of: a white floor and 4 glass walls 

closing it off, a red balloon, a red button, a red hand pump, and a large screen with the following 

text: “Total earned:” (displaying the total points earned this round), “Last balloon:” (displaying the 

points earned on the last balloon), “Push down the handle of the pump to inflate the balloon”, and 

“Press the red button to collect points” (see figure 2). The VR BART was made using Unity (version 

2020.3.28f1), a tool for developing games and other 3d projects that based on c# (Haas, 2014). 
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Figure 2 

Virtual environment for the virtual reality BART 

 

 

 

Other materials 

A online questionnaire made with qualtrics, an tool for creating questionnaires (Qualtrics 

XM: The Leading Experience Management Software, 2023), was used. This questionnaire included an 

informed consent form, all the different self-report measures, and directions to take part in the CB 

and VR BARTs.  

A special area was prepared where the participant could sit during the VR BART. This area 

consisted of a chair with a lot of space around it. This was done to ensure the participant would not 

bump in to anything when they were doing the VR BART.  

Lastly, the following hardwares were used: (i) an Oculus rift S VR headset, (ii) a laptop on 

which the participant filled in the self-report battery and did the CB BART, (iii) a desktop computer 

that was used to run the unity environment and the Oculus software. 
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Procedure  

A within subjects design was used, with all participants being subjected to the same self-

report battery, and both the CB and VR BARTs. However, the order in which the participants 

performed the CB and VR BART was randomized for each participant. When participants were 

recruited, they were informed that they would have to fill in several questionnaires, partake in two 

‘games’ involving balloons, and that the experiment would take between one and two hours. They 

were also informed that the two people with the top combined scores in the games would receive a 

goodie bag. When participants arrived at the experiment location, this information was restated to 

them. Participants were then asked to sit in front of a computer, where a Qualtrics questionnaire 

was opened. The first part of the questionnaire was an informed consent form. When the participant 

had given informed consent, the Qualtrics questionnaire continued and they had to complete the 

BSSS, the BIS-15, the I7-I, the I7-V, the behavioral constraint questions of the MPQ-BF, the AUDIT, 

the GABS, the drug use questions, and the single items for cigarette use, sexual behavior, stealing, 

and seatbelt use. To limit order effects, participants completed these questionnaires in a random 

order. After they completed the self-report measures, they had to complete the CB BART and the VR 

BART, and the IPQ after both BARTs respectively. The order of the BART tasks was also randomized. 

This was done to limit the effect of learning between both conditions on the data.  

The BART procedure 

 During the BART task, participants were first given a set of instructions, explaining the task 

and how to operate it (see Appendix B). These instructions also informed participants that the next 

five balloons would be for practice, and would not count towards their ability to win the prize.  They 

proceeded to complete five practice balloons, after which they received an additional set of 

instructions (see Appendix B). The participants then completed three rounds of 10 balloons each (30 

in total). The balloons all had predetermined breaking points that were kept the same for each 

participant, to avoid noise due to variance in the sequences of breaking points. The breaking points 

of the 30 ‘real’ balloons were the same ones that were used by Lejuez et al. (2002). For the breaking 
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points of the 5 practice balloons a list of five numbers with a mean of 64 was used (see Appendix C 

for a list of all breaking points). Participants would get 50 points per pump in their temporary bank, 

but were unable to see the number of points in their temporary bank. They were able to see the 

number of points in their permanent bank throughout the task. When a balloon exploded, 

participants would receive auditory feedback (a popping sound) in addition to the visual feedback of 

the exploding balloon. At the end of both BARTs, participants filled in the IPQ.   

 Specific procedure of the CB BART. For the CB BART, participants could remain seated 

behind the computer. The researcher would come up to the computer and start the BART in 

OpenSesame. Participants received instructions through the computer screen. Participants used the 

keyboard to control the experiment, using spacebar to pump the balloon, enter to collect points, and 

any key on the keyboard to go through the instructions when they were given. Between the 10th and 

11th balloon, and between the 20th and 21st balloon, participants would receive a message on the 

computer screen that they had completed the round, and they could move onto the next round 

when they were ready.          

 Specific procedure of the VR BART. For the VR BART participants were first asked to fill in 

the VRSQ, and then they were instructed to sit in the VR area. The researcher then started the scene 

in unity. The researcher would help the participant put on the VR headset and controllers in a safe 

way. Participants received instructions through the screen in the VR environment. To pump 

participants needed to use their hands to push down the handle of the pump in VR. To collect 

points, and go through the instructions as they were given, participants needed to push down the 

red button. Between the 10th and 11th balloon, and the 20th and 21st balloon participants were asked 

to take of their headset and controllers and take a small break. During these breaks participants 

filled in the VRSQ again. If participants’ motion sickness symptoms seemed to increase between 

rounds, they were asked if they still wanted to continue with the experiment. When they were done 

with all 30 balloons they filled in the VRSQ for a final time.     

 When the participants were done with both BARTs, they were thanked for their contribution 
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and the experiment concluded. For changes in the procedure made between the original study and 

the current study see Appendix A.   

Data analysis          

 Data analysis was performed using r. In order to be as close to the original study as possible 

when analyzing the data, a classical inferential approach was used. Adjusted number of pumps (ANP) 

on the BART (i.e. the mean pumps of any balloons that did not explode) was used as an indication of 

BART performance. Data from the five practice balloons was not used. First, the difference in BART 

performance between the current CB and VR BARTs was investigated. A paired t-test was performed 

to test whether the ANP was significantly different between the CB and VR BARTs. To investigate 

whether learning between rounds affected the VR BART differently than the CB BART, differences 

between individual rounds were also tested (e.g. difference between CB and VR BART for round 1). 

Then, the relationships between ANP on the CB and VR BART and participants' age, gender, scores 

for the different risk-related constructs (sensation seeking, impulsivity on the BIS-15, impulsivity on 

the I7, venturesomeness and behavioral constraint) and risk behaviors (alcohol consumption, drug 

use, gambling behavior, cigarette use, sexual behavior, stealing and seatbelt use) were investigated. 

Spearman rank correlations were calculated to find whether there were significant correlations 

between these variables. Pearson’s r was calculated to find wether there was a significant 

correlation between the CB and VR BART ANP. Finally, the difference between subjective immersion 

in the current CB and VR BARTs was investigated. A paired t-test was done to test whether 

subjective immersion was higher for the VR BART as compared to the CB BART. 

Results 

It was hypothesized (H1) that participants will have similar performance when using the CB 

BART or VR BART. ANP was used as a measure of performance on the BART for any data analysis. 

ANP was calculated by taking the average number of time the participant pumped for all balloons 

that did not explode.          

 A paired samples t-test was conducted to compare ANP on the CB and VR BARTs. Results 
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show that ANP on the CB BART (m = 40.91, sd = 14.33) was significantly higher than ANP on the VR 

BART (m = 31.51, sd = 14.68); t(19) = 3.19, p < .05.     

 Furthermore, to investigate whether ANP differed for both versions per round of 10 

balloons, paired samples t-tests were conducted to compare ANP on the CB and VR BARTs for all 

three rounds of balloons separately as shown in Table 1. ANP on the CB BART for round 1 (m = 37.57, 

sd = 14.27) was significantly higher than ANP on the VR BART for round 1 (m = 27.59, sd = 14.88); 

t(19) = 2.66.  p < .05. ANP on the CB BART for round 2 (m = 43.11, sd = 17.18) was also significantly 

higher than ANP on the VR BART for round 2 (m = 32.85, sd = 16.95); t(19) = 2.65, p < .05. Lastly, ANP 

on the CB BART for round 3 (m = 43.36, sd = 15.17) was also significantly higher than ANP on the VR 

BART for round 3 (m = 35.08, sd = 14.54); t(19) = 3.42, p < .05. Figure 1 shows the overall differences 

between the conditions per round.  

Table 1 

Differences in adjusted number of pumps (ANP) between the CB and VR conditions, for all 30 

balloons, as well as for the first, second and third rounds of 10 balloons separately 

 CB  VR     

 m sd  m sd t p df 

All balloons 40.91 14.33 31.51 14.68 3.19 .005* 19 

Round 1 37.57 14.27 27.59 14.88 2.66  .02* 19 

Round 2 43.11 17.18 32.85 16.95 2.65 .02* 19 

Round 3 43.36 15.17 35.08 14.54 3.42 .003* 19 

Note. p* < .05.  p** < .001.  
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Figure 3 

Boxplot comparing differences in ANP for both conditions, for all rounds, and every round separately. 

 

Note: ‘AdjustedScore’ represents ANP, ‘All Rounds’ represents all 30 balloons, ‘Round 1’ represents 

balloons 1 -10, ‘Round 2’ represents balloons 11 – 20, ‘Round 3’ represents balloons 21-30. 
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Moreover, it was hypothesized (H2) that self-report questionnaires that were significanty 

correlated with ANP on the original BART (Lejuez, 2002) will also be correlated with the VR BART. 

Firstly internal consistencies for the current sample were calculated (see table 2). Then spearman 

rank correlations between ANP on both the CB and VR BARTs and scores on the self-report battery 

as well as age and gender were calculated (see table 3). For the CB BART, a significant positive 

correlation was found between ANP and score on the I7-V (r(18) = .49, p = .03). For the VR BART a 

significant positive correlation was found between ANP and age (r(18) = .46, p = .04). These results 

are different from Lejuez et al., who found significant correlations with all self-report measures for 

risk-related constructs that they used except for the I7-V, and all self-report measures for risk 

behaviors that they used. Lastly, Pearsons r between ANP on the CB BART and ANP on the VR BART 

was calculated. A significant positive correlation was found (r(18) = .59, p = .006). 

 

Table 2 

Internal consistencies of the questionnaires in the current sample 

Questionnaire Cronbach alpha 

BSSS .82 

BIS-15 .89 

I7-I .88 

I7-V .83 

BC (MPQ-BF) .86 

AUDIT .87 

GABS-23 .88 

IPQ (CB-BART) .44 

IPQ (VR-BART) .74 
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Table 3  

Spearman rank correlations between BART performance and demographics, risk-related constructs, 

and risk behaviors.  

 Df CB BART (current) VR BART (current) Original BART 

(Lejuez et al., 

2002) (df = 84)  

Age 18 .24 .46* .07 

Gender 18 -.17 -.18 .30* 

BSSS 18 .30 .06 .35** 

BIS-15 17 .19 .09 .28* 

I7-I 18 .01 -.07 .20 

I7-V 18 .49* .19 .24* 

BC (MPQ-BF) 17 -.34 -.20 .36** 

AUDIT 18 .12 .06 .28* 

Drugs 18 .22 -.22 .28* 

GABS-23 18 .09 -.12 .44** 

Cigarettes 18 -.13 -.13 .36** 

Sex 18 .11 .24 .25* 

Stealing 17 <.001 -.30 .25* 

Seatbelt 16 .42 .31 .25* 

VR BART (current) 18 .59* - - 

Note: gender responses were coded as male: 1 and female: 2; degrees of freedom are shown for 

each different correlation (due to missing data not every correlation had the same degrees of 

freedom); Some of the questionnaires Lejuez et al. (2002) used were different from the ones shown 

in this table (see Appendix A); *p < .05.  **p < .001.  
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Lastly, differences in subjective immersion between the VR and CB BARTs were investigated. 

A paired samples t-test was conducted between IPQ results for the CB and VR BARTs. Results show 

that IPQ score was significantly higher for the CB BART (m = 27.3, sd = 7.15) as compared to the VR 

BART (m = 8.1, sd = 5.5); t(19) = -12.278, p < .001 see figure 2). 

Figure 4 

Boxplot showing difference in IPQ score between the CB and VR BARTs 
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Discussion 

The goals of this study were to validate a VR version of the BART, and investigate whether 

people feel more immersed during a VR BART as compared to a CB BART. Firstly, it was hypothesized 

that ANP on the CB BART would be similar to ANP on the VR BART. In contrast to the expected 

results, ANP on the CB BART was significantly higher than ANP on the VR BART. The results also show 

that ANP increases every round, as the participant is learning the game, but ANP increases at a 

similar rate for both conditions. Even when looking at each individual round of 10 balloons, ANP on 

the CB BART is always significantly higher than ANP on the VR BART. With the current results, there 

is not enough evidence to reject the null hypothesis for H1.     

 Although this result was not expected, it can be explained. As stated earlier in this report, 

risk is a personal calculation between the perceived potentials for rewards and dangers, and the size 

of those rewards and severity of those dangers (Vlek & Stallen, 1980). The fact that ANP is 

consistently lower on the VR BART indicates that participants were more careful when doing the task 

in VR. The size of the rewards, and potential for rewards were constant, and known to the 

participants. However, the balloon game was a black box for the participants, meaning they did not 

explicitly know the potential for danger (i.e. the balloon exploding), and had to guess this for every 

balloon. It therefore seems likely that a lower ANP during the VR BART is due to the participant 

perceiving the potential of the balloon exploding as higher. This seems to be further supported by 

the fact that several participants noted after the experiment that they felt more anxious about the 

balloon exploding during the VR BART, because the balloon was more realistic and bigger, and 

because it would expand in very close proximity to them.      

 Secondly, it was hypothesized (H2) that ANP on the VR BART would correlated with the same 

variables as ANP on the original BART during the study by Lejuez et al. (2002). The hypothesized 

similarity was not found. Out of all the tested variables, VR BART performance only significantly 

correlated with age (which was one of the few variables that Lejuez et al. (2002) tested which was 

not correlated with ANP). There is therefore also not enough evidence to reject the null hypothesis 
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for H2.             

 ANP on the CB BART used in the current study was only correlated to the I7-V, and therefore 

did not correlate in to the same variables as the original BART either. It should be noted that other 

researchers have had mixed success with replicating the results found by Lejuez et al. (2002), with 

two meta-analyses finding that the high degree of convergent validity of the BART found in the 

original study was often not found (Duckworth & Kern, 2011; Lauriola et al., 2014). There was a 

correlation between ANP on the current CB BART and ANP on the VR BART, which shows that, even 

though there is a significant difference in ANP, both BARTs used in the current study measure 

something related. Even though the current CB and VR BARTs measure something related, both are 

not correlated to the same risk-related constructs and risk behaviors as the original BART. 

Consequently, the cause of the different results seems to be a difference between both studies, or a 

lack of convergent validity of the BART in general, rather than a difference between CB and VR .

 Lastly, it was hypothesized (H3) that subjective immersion would be higher for the VR BART 

than for the CB BART. The results seem to support this, as they indeed show participants feeling a 

significantly higher level of immersion during the VR BART compared to the CB BART. Therefore, the 

null hypothesis for H3 is rejected. 

Limitations 

This study had several limitations. A first limitation is the fact that several changes had to be 

made between the BART used in this study and the one developed by Lejuez et al (2002). As 

indicated earlier in the discussion, this difference in study design could have contributed to the 

different correlations that were found in the current study. Firstly, participants were given only 30 

balloons per condition (totaling 60 balloons), whereas in the original study they were given a total of 

90 balloons, consisting of 3 types of balloons with different average breaking points. In the original 

study these balloons were all mixed, which would have made it harder to learn the patterns in the 

explosion points for the participants in the study.      

 Secondly, participants in the original study won money depending on their score. Because 
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this was not financially viable, this was not possible in this study. Instead, participants could win a 

goodie bag if they were one of the top scorers. This might have affected the data, as people act 

more impulsive and take more risks when only a hypothetical reward is at stake instead of a real 

monetary reward (Xu et al., 2016).        

 Moreover, data was collected in an inconsistent way. While data collection was already 

happening, changes were made to the instructions of some of the questionnaires and both BARTs. 

Because of this, some participants received slightly different instructions that other participants. 

Furthermore, the order in which participants filled in the questionnaires and did the tasks was also 

changed, which caused a few participants to complete the BARTs before filling in the questionnaires. 

 The difference found between the CB and VR BART should have been further investigated 

with qualitative data. Some interesting insights were gained through talking with participants about 

their experience with both BARTs after the experiment, but this qualitative data was not collected in 

a systematic way, so it could not be used for the data analysis.     

 Furthermore, a low internal consistency was found for the IPQ when taken after the CB 

BART. This could indicate that the IPQ is not a valid measure for the CB BART. The IPQ is meant to be 

used for measuring sense of presence only in virtual environments (Igroup, n.d.), which might have 

caused this low internal consistency.         

 Finally, a relatively small sample size was used. Data from 20 participants was used in this 

study, which is low compared to the 86 in the original study. Earlier research using the BART has had 

mixed results with replicating the strong correlations found by Lejuez et al. (2002). Meta analyses on 

the relationship between BART score and risk-related constructs have found only weak correlations 

(Duckworth & Kern, 2011; Hopko et al., 2005; Lauriola et al., 2014). Having a large sample is 

therefore even more important, to be able to accurately gauge whether the potentially weak 

correlations are significant or not. 
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Conclusion  

In this study, it is shown that changing the BART interface from computer to VR changes the 

results of the measure. People feel more immersed in a VR BART, and it seems that this causes them 

to act more carefully. Participants changed their behavior (pumped less), because the environment 

made the risk of the balloon exploding feel more real. This indicates that, when comparing a VR and 

CB BART,  the behavior that a person shows in a VR BART more closely resembles the behavior they 

would show in a real situationl. These results support the idea that VR can improve RTP assessment, 

especially when the goal is to understand an individuals behavior. More generally, this study shows 

that researchers should be mindful of the fact that behavioral assessment tools should not be 

treated as unbiased, as they do not necessarily elicit natural behavior. Furthermore, when designing 

or improving behavioral assessment tools, media like VR should be used to increase the tools 

immersion as they will then evoke more natural behavior from the people they are used on. 

Although the results of this study show the merits of VR in RTP assessment, this study was 

unsuccessful in validating the VR BART. Further research should continue to expand on this, if 

possible by organizing a study with a larger sample size, as it is clear that a validated VR BART will be 

of great benefit to the assessment of RTP.  
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Appendix A  

Changes made between the original and current studies 

 

 Lejuez et al. (2002) Current study Explanation for the 

change 

(i) Sensation seeking was 

measured using the 

Sensation Seeking Scale  

(Zuckermann et al., 

1978)  

Sensation seeking was 

measured using the Brief 

Sensation Seeking Scale 

(Hoyle et al. 2002)  

A shorter version was 

used to safe time on 

the assessment 

(ii) Impulsivity was 

measured using the 

Baratt Impulsiveness 

Scale – version 1.0 

(Patton et al., 1995) 

Impulsivity was 

measured using the 

Baratt Impulsiveness 

Scale short form 

(Spinella, 2007) 

A shorter version was 

used to safe time on 

the assessment 

(iii) The behavioral 

constraint superfactor of 

the Multidimensional 

Personality 

Questionnaire (Tellegen 

& Waller, 2008) was 

used to measure a 

combination of risk-

related constructs 

The behavioral 

constraint superfactor of 

the Multidimensional 

Personality 

Questionnaire brief form 

(Patrick et al., 2002) was 

used to measure a 

combination of risk-

related constructs 

A shorter version was 

used to safe time on 

the assessment 

(iv) Gambling was measured 

using the South Oaks 

Gambling was measured 

using only Gambling 

A shorter version of the 

Gambling Attitudes and 
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Gambling Screen 

(Lesieur & Blume, 1987) 

and Gambling Attitudes 

and Beliefs Scale (Breen 

& Zuckermann, 1999) 

Attitudes and Beliefs 

Scale 23-items version 

(Bouju et al., 2013)  

Beliefs Scale was used 

to safe time on the 

assessment. The South 

Oaks Gambling Screen 

was left out, because it 

was not used in the 

results of Lejuez et al. 

(2002). 

(v) Use of the following 

drug classes was 

assessed: (i) marijuana, 

(ii) stimulants, (iii) 

cocaine, (iv) 

hallucinogens, (v) 

opiates, (vi) sedatives, 

(vii) other 

Use of the following 

drug classes was 

assessed: (i) cocaine, (ii) 

heroin, (iii) marijuana, 

(iv) amphetamines, (v) 

inhalants, (vi) 

tranquilizers, (vii) 

hallucinogens, (viii) 

ecstasy, (ix) opioid 

analgesics, (x) synthetic 

drugs, (xi) anabolic 

androgenic steroids, (xii) 

other 

The number of drug 

classes assessed was 

changed to be more 

representative of the 

current drug use as 

compared to when the 

original study took 

place  

(vi) IQ was measured using 

the vocabulary section 

of the  Shipley Institute 

IQ was not measured The measure of IQ was 

removed because no 

correlation was found 

between the BART and 



34 
 

of Living Scale (Shipley, 

1940) 

IQ by Lejuez et al. 

(2002) 

(vii) Discriminant validity was 

measured using the 

empathy subscale of the 

Eysenck Impulsiveness 

Scale (Eysenck et al. 

1985), Center of 

Epidemiological Studies 

Depression Scale 

(Radloff, 1977), and 

Anxiety Sensitivity Index 

(Reiss et al., 1986). 

Discriminant validity was 

not measured 

It was unnecessary to 

measure Discriminant 

validity of the BART in 

this study as it was 

already determined to 

be good by Lejuez et al. 

(2002).  
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Appendix B 

List of explosion points used during the experiment 

Balloon nr. Practice round 1st round 2nd round 3rd round 

1 64 64 9 93 

2 6 96 64 45 

3 106 32 104 64 

4 60 17 37 22 

5 84 85 77 85 

6 - 64 84 76 

7 - 105 94 110 

8 - 44 64 53 

9 - 55 49 28 

10 - 78 58 64 
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Appendix C 

Instructions given during the BART 

 

1st instructions CB BART 

“Welcome to the Balloon Game! In this game, you will be presented with 30 balloons, one at 

a time. For each balloon you can use the space bar to increase the size of the balloon. For 

each pump, you will gain 50 points in a temporary bank. It is your choice to determine how 

much to pump up the balloon, but at some point the balloon will explode. The explosion point 

varies across balloons, ranging from the first pump to enough pumps to make the balloon 

very big. At any point, you can stop pumping up the balloon and press the Enter key to collect 

your points. The points will be saved in your permanent bank, labelled Total Earned. The 

amount you earned on the previous balloon is labelled Last Balloon. If the balloon explodes 

before you press the Enter key then you move on to the next balloon and all money in your 

temporary bank is lost. Exploded balloons do not affect the points stored in your permanent 

bank. How may points you win matters because the two participants with the highest 

amounts of points will each win a goodie bag! Press any key to continue. The next 5 balloons 

are practice trials to get the hang of it. The points you win or loose during the practice don't 

count. If you have any questions, please make sure to ask them during the practice. Press any 

key to start practicing.” 

 

2nd instructions CB BART 

“The next 30 balloons will count towards your total points and your chance to win a prize. If 

you have any questions, please ask the researcher now. Press any key to start playing and 

winning points!” 
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1st instructions VR BART 

“Welcome to the Balloon Game! In this game, you will be presented with 30 balloons, one at 

a time. For each balloon you can use the pump to increase the size of the balloon. For each 

pump, you will gain 50 points in a temporary bank. It is your choice to determine how much 

to pump up the balloon, but at some point the balloon will explode. The explosion point 

varies across balloons, ranging from the first pump to enough pumps to make the balloon 

very big. Press the red button to continue with the instructions. At any point, you can stop 

pumping up the balloon and press the red button to collect your points. Pressing the button a 

second time will start the next balloon. The points will be saved in your permanent bank, 

labelled “Total Earned.” The amount you earned on the previous balloon is labelled “Last 

Balloon.” If the balloon explodes before you press the red button then you move on to the 

next balloon and all money in your temporary bank is lost. Exploded balloons do not affect 

the points stored in your permanent bank. How many points you win matters because the 2 

participants with the highest amounts of points will each win a prize! The next 5 balloons are 

practice trials to get the hang of it. The points you win or loose during the practice don't 

count. If you have any questions about the game, please make sure to ask them during the 

practice. Press the red button to continue. The next 5 balloons are practice trials to get the 

hang of it. The points you win or loose during the practice don't count. If you have any 

questions about the game, please make sure to ask them during the practice. Press the red 

button to continue.” 

 

2nd instructions VR BART 

“The next 30 balloons will count towards your total points and your chance to win a prize. 

After each round of 10 balloons, the researcher will ask you to take a break and fill in some 

questionnaires. If you have any questions, please ask the researcher now. Press the red 

button to start playing and winning points!” 
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