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Abstract 

Decision-making in digital environments depends not only on task demands but also on whether the 

surrounding environment feels familiar. This study tested whether pre-existing environmental familiarity 

influences risk regulation in a VR version of the Balloon Analogue Risk Task. Twenty-five participants 

inflated virtual balloons to earn points. Each pump increased the potential reward, but the balloon could 

explode, causing the points from that trial to be lost. Participants could stop at any time to collect the 

points earned. Each participant completed the task in two immersive environments, a panoramic 

reconstruction of their home entrance and a comparable unfamiliar location. Participants earned 

significantly more points in the familiar than in the unfamiliar environment. This advantage was 

statistically significant for balloons with a higher range of possible pumps before exploding, allowing 

greater behavioral regulation, but not for medium and low explosion-threshold range balloons. Within 

these higher-range trials, the advantage of being near home was bigger at the beginning of the task and 

significantly decreased as performance in the unfamiliar environment improved. In an additional 

analysis restricted successful unexploded high explosion-threshold trials , participants still earned 

significantly more points in the familiar environment, although the change over the course of the task 

was no longer statistically significant. These findings suggest that familiar virtual environments may 

support early behavioral calibration under uncertainty without increasing failed risky responses. More 

broadly, VR environments are not neutral; familiarity can shape decision-making and should be 

considered when designing immersive assessments, training systems, and interventions. 

 Keywords: risk-taking behavior, balloon analog risk task, virtual reality, context, behavioral 

assessment. 
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Being near home enhances strategic risk-taking in immersive environments 

In everyday life, people often make decisions under uncertainty in environments that vary in 

their degree of familiarity. For example, a person may behave differently when taking a risk near their 

own home than when making the same decision in an unfamiliar street, even when the objective 

consequences of the decision are identical. The present study examined this idea using a Virtual Reality 

adaptation of the Balloon Analogue Risk Task (BART), a behavioral task in which participants inflate 

virtual balloons to earn points. Each pump increases the potential reward, but the balloon can explode, 

causing the participant to lose the points accumulated on that trial. Participants can stop pumping at 

any moment and collect the points earned. In the present study, the same task was completed in two 

immersive 360° environments. One based on the entrance to the participant’s own home and another 

based on a structurally comparable but unfamiliar location. Thus, familiarity was manipulated through 

the surrounding virtual environment, while the decision-making task itself remained equivalent across 

contexts. 

Risk-taking is a central component of decision-making that underlies a wide spectrum of 

behaviors in everyday life. Whether individuals are investing in the stock market, making important 

health decisions, or engaging in potentially harmful activities like gambling, their propensity to take risks 

can have significant personal, financial, or societal consequences. A range of psychological factors 

influence risk-taking, including cognitive biases, emotional states, and perceived rewards. These 

elements interact to shape how people weigh potential gains against possible losses (Frey et al., 2017; 

Rolison, 2023; Weber & Milliman, 1997). For instance, when someone perceives a potential reward as 

substantial or believes that the possible losses are relatively minor, they may find themselves more 

willing to take risks. On the other hand, even the slightest chance of a severe negative outcome can be 

enough to dissuade us from pursuing a course of action that might otherwise offer significant benefits 

(Rolison, 2023). In the present study, risk-taking was operationalized through BART performance, 
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particularly the number of points earned per trial, which reflects how participants balanced the 

possibility of gaining more points against the possibility of losing the points accumulated on a given 

balloon. 

In parallel, the increasing use of interactive and immersive technologies has raised important 

questions about how realistic digital environments themselves shape behavioral patterns of decision-

making, attention, and action that emerge when individuals engage within a virtual setting (Russell 

et al., 2024; Safikhani et al., 2024). Virtual Reality, in particular, offers users a sense of spatial presence 

and environmental immersion that can meaningfully influence cognitive and affective processes during 

decision-making. Understanding risk-taking within these technologically mediated contexts is therefore 

essential, not only for advancing psychological theory but also for informing the design of digital systems 

that aim to support, assess, or modify user behavior. This question becomes especially relevant when VR 

environments reproduce places that are personally familiar and meaningful to the user, because these 

settings may activate prior spatial knowledge, emotional associations, and autobiographical memories 

that are not available in unfamiliar virtual environments. 

The study of risk-taking behavior increasingly recognizes the importance of contextual and 

emotional factors, with environmental familiarity emerging as a critical modulating force in how 

individuals appraise and navigate uncertainty. Familiar environments may reduce perceived ambiguity 

and support feelings of control, thereby shaping confidence and promoting more assertive behavior in 

risky situations (Zayadin et al., 2023). From a psychological perspective, this link is relevant because 

perceived control has been associated with the way individuals anticipate and respond to potentially 

aversive outcomes, and perceived control and agency have been linked to lower perceived risk and 

greater willingness to engage in risk-taking behavior (Damen, 2019; Nordgren et al., 2007; Thompson, 

1981). More broadly, risk-taking depends not only on objective task contingencies, but also on how 

individuals perceive the decision situation (de-Juan-Ripoll et al., 2021). Perceived control has also been 
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associated with greater willingness to accept risk (Abdellaoui et al., 2011; Fischer & Frewer, 2009; Song 

& Schwarz, 2009) and to experience heightened confidence in their decision-making (Abdellaoui et al., 

2011; Fischer & Frewer, 2009; Song & Schwarz, 2009). Conversely, unfamiliar or unpredictable 

environments often generate uncertainty, leading to more conservative decision-making strategies 

(Triandhari et al., 2017; Zhong et al., 2009). When environmental cues are missing or difficult to 

interpret, perceived risks may be amplified, prompting individuals to rely on protective heuristics or to 

exhibit heightened risk aversion (Baker & Maner, 2009; Damirchi et al., 2019). Accordingly, the present 

study does not assume that familiar environments necessarily increase risk-taking in a general sense. 

Rather, it examines whether pre-existing environmental familiarity changes how individuals regulate risk 

assumptions when potential rewards and losses must be managed under uncertainty. 

Notably, familiarity can be derived from repeated exposure, perceived controllability, or 

emotional resonance (Halko et al., 2015), and many of its effects operate through subtle, incidental 

processes that influence perception, memory, and judgment (Isarida & Isarida, 2010; Qin et al., 2014). 

Collectively, these patterns illustrate what is commonly referred to as familiarity bias: a pervasive 

cognitive tendency to favor what is known over what is not. This bias is well documented in financial, 

consumer, and socio-cultural contexts, where individuals prefer familiar brands, home-country stocks, 

and predictable situations even when alternatives may be objectively advantageous (Almansour & 

Arabyat, 2017; Yu et al., 2012). Early literature in this domain frequently points to the mere-exposure 

effect, establishing that repeated encounters with a stimulus foster preference even without deliberate 

learning (Bornstein, 1989; Zajonc, 1968; see Montoya et al., 2017 for a recent review on the topic). 

While these foundational studies highlight the effects of familiarity, the present study shifts focus to a 

different source; pre-existing environmental familiarity, understood here as familiarity with a personally 

familiar real-world environment rather than familiarity produced by repeated experimental exposure. 
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Critically, however, familiarity is not a unitary construct. In much of the decision-making 

literature, familiarity is operationalized as an outcome of repeated exposure within the task or 

laboratory setting, often closely intertwined with comparative ignorance and ambiguity-related 

processes (Fox & Tversky, 1995), as well as fluency-based heuristics through which lower familiarity 

increases perceived risk (Song & Schwarz, 2009). We refer to this form of familiarity as task-based 

familiarity, because it emerges through repetition, feedback, or exposure to the task contingencies. Yet 

outside the laboratory, pre-existing environmental familiarity frequently reflects contextual knowledge 

grounded in autobiographical and spatial memory, where a place is not merely recognized but is 

connected to the person’s prior experience. This distinction is supported by work showing close links 

between environmental navigation and autobiographical memory, as well as by environmental 

psychology research indicating that place attachment and familiarity contribute to how individuals 

know, interpret, and emotionally relate to places (Pullano et al., 2024; Teghil et al., 2021). Spatial 

familiarity has been shown to shape affective responses and perceived comfort in environments, and 

memory for familiar environments is structured in ways that support rapid orientation and 

interpretation of contextual cues (Hatzipanayioti et al., 2021; Kim et al., 2021; Pullano et al., 2024). Thus, 

in the present work, autobiographical context refers specifically to the home-based familiar 

environment used in the experiment, whereas task-based familiarity refers to familiarity acquired during 

the experiment through repeated exposure to the BART contingencies. 

Despite the growing interest in how familiarity modulates risk-taking, a key conceptual issue 

concerns the heterogeneous and often overly abstract way previous research has defined and 

operationalized familiarity. Common approaches include repeated exposure to stimuli, or the 

presentation of loosely familiar cues (Craig et al., 2012; Scharfe-Scherf & Russwinkel, 2021). While these 

perspectives have yielded valuable insights, they typically capture task-based familiarity, that is, 

familiarity created through repetition and feedback within the task, rather than pre-existing 
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environmental familiarity, which characterizes many daily-life decisions. This distinction matters 

theoretically and practically. Theoretically, it implies different temporal dynamics. Task-based familiarity 

predicts progressive adjustment across trials, whereas pre-existing environmental familiarity may 

support an early advantage before task-based learning has occurred. In practice, this distinction is 

critical because VR systems are increasingly used for training, assessment, and behavioral intervention. 

If behavior differs depending on whether a virtual environment is autobiographically familiar or merely 

unfamiliar, then the design of VR environments may influence performance independently of the task 

itself. Consequently, the present study adopts an ecologically grounded operationalization, using a 

personally familiar home-based environment to test whether pre-existing environmental familiarity 

supports early strategic regulation under uncertainty. 

To implement this approach without compromising experimental control, we embedded a well-

established behavioral paradigm within Virtual Reality (VR). This approach builds on previous work 

showing that classical laboratory tasks can be adapted to VR while preserving controlled experimental 

conditions, that yields reliable behavioral patterns (Rocabado et al., 2025) and allow for more 

elaborated experimental designs (Caballero-Picazo et al., 2026). Specifically, participants completed a 

VR-based version of the Balloon Analogue Risk Task (BART, Lejuez et al., 2002), while immersed in a 

home-based familiar environment, a 360° panoramic image of their own home entrance rendered via 

Google Street View, contrasted with an unfamiliar but structurally similar location. This design isolates 

the influence of pre-existing environmental familiarity on risk-taking behavior, while still allowing task-

based learning to unfold across trials. The BART is well-suited to probe adaptive decision-making under 

uncertainty; each balloon inflation increases potential reward while raising the risk of explosion, 

prompting participants to adjust behavior based on prior outcomes (Rolison, 2023; van Ravenzwaaij 

et al., 2011). 
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This combination of the BART with familiar and unfamiliar immersive environments is 

informative because the task already contains an objective source of uncertainty. Participants must 

decide when continued pumping is worth the potential gain without knowing the exact explosion point 

of each balloon. The surrounding environment may therefore influence performance by shaping the 

broader context in which this uncertainty is experienced. In a home-based familiar environment, 

participants are immersed in a place for which they already possess spatial knowledge, affective 

associations, and autobiographical links (Hatzipanayioti et al., 2021; Kim et al., 2021; Pullano et al., 

2024). By contrast, an unfamiliar environment provides fewer personally meaningful cues and may add 

contextual uncertainty to the uncertainty already imposed by the task itself. 

Therefore, if pre-existing environmental familiarity makes the decision context more 

interpretable, predictable, or controllable, participants should be better able to regulate risk-taking in a 

way that maximizes reward without simply increasing explosions. This interpretation is consistent with 

evidence linking familiarity, perceived control, agency, and processing fluency to lower perceived risk 

and greater willingness to engage with uncertain outcomes (Abdellaoui et al., 2011; Song & Schwarz, 

2009; Thompson, 1981). It is also consistent with applied work showing that unfamiliar roads are 

perceived as riskier than familiar roads, that route familiarity influences speed choice, and that 

familiarity with a traffic situation affects perceived complexity and action decisions in automated-driving 

scenarios (Budak et al., 2021; Colonna et al., 2016; Scharfe-Scherf & Russwinkel, 2021). Although these 

studies involve different tasks, they support the broader idea that familiarity with a spatial context can 

reduce perceived uncertainty and influence how individuals act under risk. 

Within the BART, this familiarity advantage should be especially evident when the task allows 

room for strategic calibration. High explosion-threshold range balloons provide more opportunities to 

continue pumping before the explosion threshold is reached, making them particularly sensitive to 

differences in how participants balance potential gains against potential losses (Lejuez et al., 2002). 
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Accordingly, we expected the familiar environment to support higher earnings particularly in this range. 

At the same time, because participants acquire task-based familiarity through repeated exposure to the 

BART contingencies (Panno et al., 2015), the initial advantage of the familiar environment should 

decrease over time, especially as the unfamiliar context becomes more predictable through experience 

(Kóbor et al., 2021). 

Based on this theoretical framework, the study was guided by the following hypotheses: 

H1: Participants will earn more points per balloon in the familiar virtual environment than in the 

unfamiliar environment, reflecting more effective risk-taking regulation in the context of pre-existing 

environmental familiarity. 

H2: The familiarity advantage will be primarily driven by trials that permit strategic risk 

regulation, reflected in a significant interaction between Context and Balloon Explosion Range, with 

larger context differences for high explosion-threshold range balloons. 

H3: The familiarity advantage will be strongest early in the task and will decrease as participants 

gain experience with the task contingencies, reflected in a Context by Presentation Order interaction.  

In addition, we conducted a complementary analysis restricted to successful high explosion-

threshold trials to examine whether the Context by Presentation Order pattern remained when trials 

ending in balloon explosions were excluded. This analysis was used to assess whether the familiarity 

advantage reflected strategic calibration rather than an increased rate of balloon explosions. 

Method 

Data and Material Availability 

The data supporting the findings of this study, together with video samples of the virtual reality 

task and the Python code used to implement the experiment, are available via the Open Science 

Framework (OSF) at: https://osf.io/u28bw/ 
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Due to ethical and privacy considerations, the 360° images used in the virtual environments 

cannot be publicly shared (see Materials subsection). These images depict real-world locations 

associated with participants’ personal environments, and their release could allow indirect identification 

or tracing of participants’ locations. Access to these materials is therefore restricted in accordance with 

data protection regulations and the conditions approved by the institutional ethics committee. 

Participants 

Twenty-five University students participated (20 female, Mage = 21.5, SD = 4.51; 5 male, Mage = 

20.2, SD = 1.92). All had normal or corrected-to-normal vision and hearing, preserved cognitive skills 

(Cognitive Assessment Battery Pro; CogniFit Inc., San Francisco, US), and were native Spanish speakers. 

Inclusion required participants to be registered as Madrid residents and to have lived at the same 

address for at least the previous five years, thereby ensuring that the familiar environment represented 

a stable source of pre-existing environmental familiarity. Written informed consent was obtained from 

all participants before any study procedures took place, including the preparation of personalized 

experimental materials and their participation in the VR task, and all procedures were conducted in 

accordance with the Declaration of Helsinki. The study was approved by the Research Ethics Committee 

at Nebrija University (UNNE-2022-0017). 

Power analysis and sample size sensitivity 

An a priori G*Power analysis (version 3.1.9.7; Faul et al., 2009), based on a medium effect size 

for a repeated-measures design with one group and six within-participant measurements, 

corresponding to the combination of three balloon explosion ranges and two environmental contexts 

(familiar, unfamiliar), indicated that 24 participants would be sufficient. However, to evaluate the 

sensitivity of the final sample size (N = 25), we conducted a simulation-based power and sensitivity 

analysis for the target Context by Presentation Order interaction in high explosion-threshold range BART 

trials. This interaction was selected because it tested the temporal prediction that the familiar-context 
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advantage would be strongest early in the task and would decrease as participants gained experience 

with the task contingencies. The study followed a within-participant design, with each participant 

completing high explosion-threshold trials in both the familiar and unfamiliar contexts; therefore, the 

simulation reproduced the trial-level structure of this analysis, with 30 high explosion-threshold trials 

per context and participant. This interaction was used as the focal effect because it involved a within-

participant change in the context effect across task progression and therefore provided a demanding 

test of the temporal prediction. 

The smallest effect size of interest (SESOI) was defined from prior research using the Balloon 

Analogue Risk Task rather than from the observed effect in the present dataset. Meta-analytic evidence 

indicates that associations between psychological predictors and BART performance typically cluster 

around r ≈ .14–.15 (Lauriola et al., 2014, 2019). Experimental studies examining trial-to-trial adaptation 

in the BART paradigm also report small-to-moderate effects (e.g., Kóbor et al., 2021; Panno et al., 2015). 

Based on this converging evidence, r = .15 was used as a standardized small-effect anchor. Because the 

target parameter was a Context by Presentation Order interaction expressed in points earned per trial, 

this value was operationalized on the dependent-variable scale rather than treated as a direct 

mathematical conversion to an unstandardized regression coefficient. Presentation Order was 

standardized, so the interaction coefficient represents the change in the familiar-minus-unfamiliar 

difference per 1-SD increase in task progression. Using an outcome-scale standard-deviation anchor of 

10 points, the SESOI was specified as β = –1.5, with the negative sign reflecting the predicted temporal 

convergence between contexts. 

Sensitivity was estimated using the simr package (version 1.0.8; Green & MacLeod, 2016) in R 

(version 4.3.3; R Core Team, 2024). The primary simulation used a parsimonious mixed-effects model 

including fixed effects of Context, Presentation Order, and their interaction, together with random 

intercepts for participants. This model estimates sensitivity for the average Context by Presentation 
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Order fixed effect while allowing participants to differ in their baseline level of earnings. The random-

effects structure was specified to keep the simulation transparent and reproducible. Although maximal 

random-effects structures are often recommended for confirmatory mixed-effects analyses when 

supported by the design (Barr et al., 2013), using such structures in a simulation also requires specifying 

plausible values for each additional participant-level variance component and, in correlated structures, 

the correlations among them. In the present case, random slopes for Context, Presentation Order, and 

their interaction would have required assumptions about individual differences in the context effect, the 

order effect, and their temporal coupling. Because no prior data were available from the same 

personalized VR-BART paradigm to justify these parameters independently, the random-intercept model 

was used as the primary simulation model. This approach is consistent with the broader view that 

random-effects specification should balance design structure, estimability, Type I error control, and 

statistical power (Bates et al., 2015; Matuschek et al., 2017). 

The variance assumptions were treated separately from the literature-derived SESOI. Because 

no prior personalized VR-BART data were available to provide variance estimates for this specific trial-

level design, observed high explosion-threshold trials was used during revision only as a pragmatic 

reference point for defining plausible simulation anchors. These values were then increased for the 

primary simulation to avoid relying directly on the observed variance estimates. Specifically, participant-

level baseline variability was set to SD = 4.0 and residual trial-level variability to SD = 6.0. Additional 

sensitivity scenarios examined the separate and combined impact of higher variance assumptions and a 

smaller target interaction. The higher-variance scenario increased participant-level variability to SD = 6.0 

and residual variability to SD = 9.0 while retaining β = –1.5. The smaller-effect scenario retained the 

primary variance assumptions but reduced the target interaction to β = –1.0. The stress-test scenario 

combined both harsher assumptions. 
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To examine whether the results depended on the parsimonious random-intercept specification, 

we ran also random-slope sensitivity checks. These simulations added plausible participant-level 

variability in the Context effect, the Presentation Order effect, and the Context by Presentation Order 

interaction, using uncorrelated random-effects structures because no prior personalized VR-BART data 

were available to justify correlations among these components. These random-slope simulations were 

treated as sensitivity checks rather than as estimates of the true participant-level variance components. 

Under the primary random-intercept SESOI scenario, estimated power at N = 25 was .997, 95% 

CI [.996, 1.000]. Estimated power remained high when only the variance assumptions were increased, 

power = .878, 95% CI [.856, .898], and when only the target interaction was reduced to β = –1.0, power 

= .896, 95% CI [.875, .914]. Under the combined stress-test scenario, estimated power was more 

modest, power = .561, 95% CI [.530, .592]. In the random-slope sensitivity check, estimated power 

under the primary SESOI assumptions was .980, 95% CI [.969, .988], whereas the random-slope stress-

test estimate was .516, 95% CI [.485, .547]. The complete stand-alone R script, output files, session 

information, and power-curve figure are available on OSF. 

Materials and Apparatus 

For each participant, address information was collected and used to obtain a personalized 360° 

high-resolution panorama (6656 × 3328 pixels) from Google Street View via Street View Download 360 

(version 4.0.5, Orlita, 2022) These images served as the home-based familiar context in the experiment 

and were used to operationalized pre-existing environmental familiarity. To create the unfamiliar 

context, participants’ addresses were matched to new ones based on average net income per capita 

from other Spanish cities, such as Málaga, Sevilla, Zaragoza, or Santander, using data from a public 

repository (Spanish Statistical Office, 2021, www.ine.es). These new locations were selected to share 

similar architecture and urban layout with the familiar locations while remaining geographically 
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unfamiliar to participants. The corresponding 360° unfamiliar context panoramas were generated using 

the same procedure as for the familiar panoramas. 

To ensure comparability between contexts in terms of income, a paired-samples t-test was 

conducted, revealing no significant difference between the average net incomes associated with each 

pair of locations, t(24) = 1.16, p = .256. Additionally, a Two One-Sided Test (TOST) with an equivalence 

margin of ±500 € confirmed that income values were statistically equivalent. In equivalence testing, 

significance indicates that group differences fall within the predefined bounds. Both the lower and 

upper TOST bounds were significant, t(24) = 2.34, p = .014; t(24) = -4.66, p = .001, supporting the 

conclusion that the two income indicators were comparable across the familiar and unfamiliar contexts. 

The experimental setting was programmed and designed using Python 3 and Vizard 7 (Worldviz, 

2020). The experimental environments and stimuli were displayed using the HTC VIVE Pro HMD, which 

offers a rendering resolution of 2880×1600 pixels (1440×1600 pixels per eye), a 90 Hz refresh rate, and a 

110° field of view. The participant’s viewpoint location was fixed throughout the task, irrespective of 

their real-world movements. 

Procedure 

The virtual reality adaptation of the Balloon Analogue Risk Task (BART) followed the structure 

outlined by Lejuez et al. (Lejuez et al., 2002), preserving key task characteristics while adapting the 

environment and interaction mechanics to a VR setting. Participants completed the task twice, once in a 

familiar context and once in an unfamiliar context. This resulted in a within-participant design, with all 

participants completing both environmental contexts. The order of these conditions was 

counterbalanced across participants. To prevent familiarity with the explosion probabilities from being 

directly transferred between contexts, different balloon color sets were used in each condition. The first 

context included blue, yellow, and orange balloons corresponding respectively to high, medium, and low 

explosion-threshold ranges. The second context introduced green, gray, and cyan balloons with the 
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same explosion-threshold ranges used in the first context. Moreover, the assignment of balloon colors 

to the familiar and unfamiliar contexts was counterbalanced across participants. 

Between the two BART sessions, participants completed an unrelated VR language decision task. 

This task was included to separate the two BART blocks, reduce immediate carryover between contexts, 

and prevent participants from experiencing the second BART session as a direct continuation of the first 

one. Each BART session consisted of 90 trials, where participants inflated a virtual balloon by pulling the 

right-hand trigger on a VR controller. Each trigger pull corresponded to a one-point increase in the 

participant’s score. At any point during a trial, participants could collect their accumulated points by 

pulling the left-hand trigger, transferring them to their total score. If the balloon exploded before 

collection, all uncollected points associated with that trial were lost, and the next trial began (see Figure 

1). 
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Figure 1. Panel A shows the organization of one example 90-trial BART session, including the 

initial mixed phase and the later blocked phase. Panel B shows the sequence of decisions within a single 

trial. Participants could inflate the balloon using the right-hand trigger, increasing both potential reward 

and explosion risk, or collect the accumulated points using the left-hand trigger. If the balloon exploded 

before collection, the points accumulated on that trial were lost. The surrounding 360° environment 

within the task was replaced for each participant according to the familiar and unfamiliar context 

conditions.  

Similar to previous 2D implementations of this task (Lejuez et al., 2002), each balloon type had a 

specific explosion probability threshold. The high explosion-threshold range balloons had an average 

break point of 64 pumps (range: 1–128, SD = 31.7), the medium explosion-threshold range balloons had 

an average break point of 16 pumps (range: 1–32, SD = 6.98), and the low explosion-threshold range 

balloons had an average break point of 4 pumps (range: 1–8, SD = 1.29). Participants were not informed 

of these explosion range probabilities and were instructed only that their goal was to accumulate the 

highest possible score. 

Participants sat on a swivel chair, allowing them to rotate freely. The balloons appeared in a fully 

immersive 360° virtual environment at a fixed distance of 5 virtual meters from the participant. Their 

initial diameter was 15 cm for all balloons, and each pump increased the balloon size by 0.05%. To 

promote active exploration of the immersive environment, participants had to locate the balloon at the 

beginning of each trial before deciding whether to pump or collect. The location of each balloon was 

randomized across the full 360° horizontal space, requiring participants to turn to locate the balloon 

presented in each trial. Balloons appeared one at a time, requiring active spatial exploration. 

A counter displayed in front of each balloon indicated the number of pumps participants had 

made. A virtual progress panel, positioned at a 45° angle from the horizon, displayed the participant’s 

total accumulated score to ensure continuous performance monitoring without disrupting the 

immersive experience. 
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As in earlier studies with this same task, each BART session was divided into two phases. In the 

first 30 trials, balloons of all three explosion-threshold categories (i.e., high, medium and low) appeared 

in a randomized sequence. In the remaining 60 trials, balloons were presented in blocks of 20 

consecutive trials of the same explosion-threshold category, allowing participants to gradually recognize 

and adapt to the different risk contingencies associated with each balloon type. This structure preserved 

the fundamental decision-making dynamics of the original BART while incorporating spatial exploration 

as an additional task component. 

Data Processing and Statistical Analysis 

All data were processed and prepared using R (R Core Team, 2020) within the RStudio 

environment (RStudio Team, 2022). Linear mixed-effects models (LMMs) were conducted in Jamovi (The 

jamovi project, 2022) using the GAMLj module (Gallucci, 2019).  

The dependent variable in all analyses was the number of points earned per trial. Each 

participant completed 30 trials for each explosion-threshold category (high, medium, low) in both 

context conditions (familiar and unfamiliar), resulting in a total of 4500 observations. Analyses were 

conducted in a stepwise fashion, starting with all trials to examine overall earnings across balloon types. 

The focus was then narrowed to high explosion-threshold balloons only (1500 observations), as these 

allowed greater variability in risk-taking strategy, and finally to successful unexploded high explosion-

threshold trials, which allowed us to examine whether the familiarity advantage remained when trials 

ending in explosions were excluded (1351 observations). 

Fixed effects included Context (familiar vs. unfamiliar), Balloon Explosion-Threshold Range (high, 

medium, low), and Presentation Order (trial order, centered as a continuous covariate), depending on 

the analysis. All models incorporated random intercepts for participants and balloon type, as well as by-

participant random slopes for Context. Post hoc comparisons and simple effects were obtained using 

estimated marginal means with Bonferroni corrections. Inferential statistics are reported with 
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Satterthwaite approximate degrees of freedom, including F values, p values, standard errors, and 95% 

confidence intervals. 

Results 

To evaluate the hypotheses outlined in the Introduction, analyses were conducted in a hierarchical 

sequence corresponding directly to H1, H2, and H3. First, to test whether pre-existing environmental 

familiarity was associated with higher earnings in the BART (H1), we examined context effects on 

earnings across all trials. Second, to determine whether any familiarity advantage was specifically driven 

by trials that permit strategic regulation (H2), we tested the interaction between Context and Balloon 

Explosion Range. Third, to evaluate whether familiarity effects were strongest early in the task and 

diminished with experience (H3), we examined the Context by Presentation Order interaction for high 

explosion-threshold range balloons. Finally, as a complementary analysis, we repeated this analysis 

using only successfully unexploded high explosion-threshold trials to examine whether any familiarity 

advantage reflected strategic calibration rather than an increased rate of balloon explosions. 

Context Effects Across Balloon Types 

To test H1, which predicted higher earnings in the familiar virtual environment than in the 

unfamiliar environment, we first examined overall earnings across contexts. A significant main effect of 

Context emerged, F(1, 24) = 5.03, p = .034, with participants earning more points in the familiar than in 

the unfamiliar environment (see Figure 2). This finding supports H1 and indicates that pre-existing 

environmental familiarity was associated with more effective behavioral calibration, allowing 

participants to balance risk and reward more successfully. In practical terms, participants accumulated 

more points per balloon in the familiar context, whereas they earned fewer points in the unfamiliar 

context. Observed descriptive statistics and post hoc comparisons are reported in Table 1, whereas 

Figure 2 displays the corresponding model-estimated marginal means. 
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Given that each balloon had a different explosion-threshold range probability, a main effect of Balloon 

Explosion-Threshold Range was also found F(2, 87) = 128.93, p < .001. Participants earned substantially 

more points with high explosion-threshold range balloons than with medium explosion-threshold range 

balloons (mean difference = 10.38, SE = 0.95, pBonf < .001) or low explosion-threshold range balloons 

(mean difference = 14.86, SE = 0.95, pBonf < .001). Earnings were likewise significantly lower for low 

compared to medium explosion-threshold range balloons (mean difference = 4.49, SE = 0.95, pBonf < 

.001), consistent with the predefined probability structure of the task (see Methods; Figure 2). 

 

Table 1. Observed Points Earned per Trial by Environmental Context and Balloon Explosion-Threshold 

Range  

Balloon 
explosion 
threshold 

n 
Trial 

observations 
per context 

Familiar 
context  
M (SD) 

Unfamiliar 
context 
M (SD) 

Mean 
difference 

95% CI p 
Cohen's 

dz 

All 
threshold 
categories 

25 2250 8.69 (3.06) 7.87 (2.71) 0.82 [0.07, 1.59] .034 0.45 

High 25 750 17.77 (14.33) 15.62 (13.18) 2.15 [0.73, 3.56] <.001 0.42 
Medium 25 750 6.4 (5.76) 6.23 (5.22) 0.17 [-1.25, 1.58] 1.000 0.11 
Low 25 750 1.91 (1.69) 1.75 (1.73) 0.16 [-1.25, 1.57] 1.000 0.34 

Note. Descriptive statistics are observed trial-level means and standard deviations of points earned per trial. 
Difference values represent familiar minus unfamiliar context. The overall row refers to the main effect of 
Context across all balloon explosion-threshold ranges. Pairwise comparisons within each balloon explosion-
threshold range are based on model-estimated post hoc comparisons with Bonferroni correction. Cohen’s dz was 
calculated from participant-level familiar–unfamiliar difference scores. 
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Figure 2. Effects of environmental context and balloon explosion-threshold range on BART 

performance. Estimated marginal means of points earned per trial are shown for familiar and unfamiliar 

contexts across low, medium, and high explosion-threshold range balloons. Error bars represent 95% 

confidence intervals. 

To test H2, which predicted that familiarity effects would be most pronounced on trials that 

allow strategic risk regulation, we next examined whether the effect of Context varied as a function of 

Balloon Explosion-Threshold Range. Results showed a significant interaction, F(2, 4359) = 8.97, p < .001, 

indicating that the familiarity effect varied across different explosion thresholds (Figure 2). Simple 

effects analyses revealed that the effect of Context was present only for high explosion-threshold range 

balloons, with participants earning on average 2.15 more points (SE = 0.48) in the familiar than in the 

unfamiliar condition, t(71) = -4.45, p < .001. No significant effects of Context were found for medium or 

low explosion-threshold rangeballoons (ts < 1, ps > .70). 

Context Effects Across Task Progression 

To test H3, which predicted that the familiarity advantage would be strongest early in the task 

and would decrease as participants gained experience with the task contingencies, we analyzed earnings 

as a function of Presentation Order for high explosion-threshold range balloons. When focusing on 

these, a main effect of Context was again observed, F(1, 24) = 4.50, p = .044, with higher earnings in the 

familiar environment (Figure 3A). A significant main effect of Presentation Order also emerged, F(1, 

930.9) = 13.74, p < .001, indicating that earnings increased progressively over the course of the task. 

Estimated marginal means illustrated this trend, participants earned on average 15.1 points (SE 

= 1.84) in early trials (−1 SD of Presentation Order), 16.7 points (SE = 1.79) at mid-task (mean 

Presentation Order), and 18.3 points (SE = 1.84) in later trials (+1 SD of Presentation Order). This pattern 

reflects a general increase in points earned as participants gained experience with the task 

contingencies. 
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Crucially, the interaction between Context and Presentation Order was also significant, F(1, 

1420.1) = 5.69, p = .017. Simple effects analyses showed that the familiarity advantage was most 

pronounced early in the task. In early trials (−1 SD of Presentation Order), participants earned 

significantly more points in the familiar than in the unfamiliar context (mean difference = 3.40, SE = 

1.14), t(38.7) = 2.98, p = .005. This difference was smaller but still present at mid-task (mean 

Presentation Order; mean difference = 2.15, SE = 1.01), t(24) = 2.12, p = .044, and disappeared in later 

trials (+1 SD of Presentation Order), where no significant difference remained between contexts (mean 

difference = 0.89, SE = 1.14), t(38.7) = 0.78, p = .44. 
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Figure 3. Effects of environmental context across task progression for high explosion-threshold 

range balloons. Panel A shows estimated marginal means for all high explosion-threshold range balloon 

trials, including trials that ended in explosions. Panel B shows estimated marginal means for successful 

high explosion-threshold range balloon trials only, excluding trials that ended in explosions. The x-axis 

displays Presentation Order across the high explosion-threshold trials from 0 to 30, whereas the simple-

effects estimates reported in the text are probed at −1 SD, the mean, and +1 SD of Presentation Order. 

Error bars represent 95% confidence intervals. 

These findings indicate that performance in the unfamiliar environment gradually approached 

that of the familiar environment as participants gained experience, demonstrating that the familiarity 

advantage was strongest early in the task and diminished with accumulated task-based familiarity. This 

pattern directly supports H3. 

Complementary Analysis of Successful High Explosion-Threshold Trials 

As a complementary analysis, we examined whether the Context by Presentation Order pattern 

remained when analyses were restricted to successful trials. To do so, we repeated the previous 

analyses including only high explosion-threshold range trials that did not end in balloon explosions. This 

approach allowed us to evaluate whether the context effect persisted when focusing solely on trials in 

which participants collected the accumulated points before a balloon explosion occurred. 

A significant main effect of Context remained, F(1, 23.9) = 4.46, p = .045. Participants earned on 

average 2.88 more points (SE = 1.36) in the familiar than in the unfamiliar environment (Figure 3B), 

demonstrating that the familiarity advantage was not driven by an increased rate of risky failures. A 

main effect of Presentation Order was also observed, F(1, 77.8) = 90.93, p < .001, confirming that 

earnings increased systematically across the task. 

Estimated marginal means showed this improvement clearly, 17.0 points (SE = 2.08) in early 

trials (−1 SD of Presentation Order), 19.4 points (SE = 2.06) at mid-task (mean Presentation Order), and 

21.9 points (SE = 2.08) in later trials (+1 SD of Presentation Order), reflecting ongoing strategic 

adaptation (Figure 3B). 
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Although the Context by Presentation Order interaction did not reach conventional significance 

in this restricted analysis, F(1, 1276.6) = 2.96, p = .085, the pattern mirrored that observed in the full 

dataset. The familiarity effect was strongest early in the task and gradually diminished over time. 

Together, these findings support the complementary analysis by demonstrating that the observed 

context effects were also present when analyses were limited to successful trials, suggesting that higher 

earnings in the familiar environment reflected strategic calibration rather than impulsive or reckless 

behavior. Participants initially adopted more cautious strategies in unfamiliar settings but gradually 

adapted as they accumulated task-based familiarity, ultimately reducing the performance gap between 

contexts. 

Discussion 

The present study investigated how pre-existing environmental familiarity influences behavior in 

a virtual reality adaptation of the Balloon Analogue Risk Task (BART, Lejuez et al., 2002). Beyond 

examining risk-taking per se, the study also illuminates how technologically mediated environments 

shape behavioral regulation, offering insight into the cognitive processes engaged when individuals 

interact with highly realistic immersive digital systems. By immersing participants in a photorealistic 

360° environment derived from their actual home address and contrasting it with an unfamiliar yet 

structurally similar location, this study offers novel insight into how personally familiar environmental 

cues shape reward-oriented decision-making. 

Participants demonstrated significantly higher average earnings per balloon in the home-based 

familiar condition, particularly during the early part of the task and in trials that allowed greater 

variation in pumping behavior. This effect did not stem from impulsivity or reckless behavior, as patterns 

held even when analyses were restricted to successful (non-exploded) trials. Instead, participants 

appeared to calibrate their risk taking more effectively in familiar settings. One possible interpretation is 

that the familiar virtual environment acted as a contextual scaffold, reducing subjective uncertainty and 
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supporting more confident engagement with the task. However, perceived control and emotional 

arousal were not directly measured in the present study, and this mechanism should therefore be 

interpreted as a theoretically grounded explanation rather than as a direct empirical finding. This 

interpretation is consistent with previous work suggesting that familiarity, perceived control, and 

emotional responses can influence goal-directed behavior under uncertainty (Dohmen et al., 2011; 

Maren et al., 2013).  

Although the advantage conferred by pre-existing environmental familiarity diminished over 

time, this was mainly because performance in the unfamiliar context gradually improved, consistent 

with a behavioral adaptation process to the probabilistic nature of the task (Schonberg et al., 2020). 

Thus, our findings not only reveal the impact of pre-existing environmental familiarity on risk-taking 

behavior but also align with previous research that has operationalized familiarity through repeated 

exposure to stimuli or environments. In the unfamiliar context, participants gradually adjusted their 

behavior as the task progressed, showing higher earnings and improved outcomes. This suggests that 

task-based familiarity, developed through experience with the task contingencies, can foster more 

strategic decision-making. 

This temporal dissociation helps refine the theoretical interpretation of familiarity bias. A 

substantial portion of the literature has examined familiarity through repetition, fluency, or within-task 

exposure, where familiarity is tightly coupled with reduced comparative ignorance and ambiguity over 

time. Under these approaches, “familiarity” is largely an emergent property of repeated encounters 

rather than a stable contextual resource available at the outset (Fox & Tversky, 1995). The present 

findings suggest a complementary perspective. When familiarity is grounded in a home-based 

autobiographical context, that is, in a personally meaningful environment that forms part of the 

participant’s own life history, it may provide a source of contextual knowledge that supports early 

strategic regulation under uncertainty, before task-based familiarity has been acquired. This is 
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consistent with the observed pattern, participants showed an early advantage in the familiar 

environment, whereas performance in the unfamiliar environment gradually improved across trials. 

Thus, the familiar home context did not simply function as another repeated stimulus within the task, 

but as a source of pre-existing environmental familiarity that may have supported earlier risk regulation 

under uncertainty. In this sense, familiarity bias is not only a preference for what is known, but also a 

possible route through which memory and contextual knowledge contribute to adaptive action selection 

(Gomilsek et al., 2025; Wang et al., 2022). 

These implications matter for future research insofar as they suggest that familiarity should not 

be treated as a unitary construct or as interchangeable across operationalizations. Studies that induce 

familiarity solely through repeated exposure may primarily capture a learning-related trajectory, 

whereas studies that leverage home-based autobiographical contexts may capture an early, memory-

supported calibration process. Future researchers interested in familiarity bias should therefore specify 

which source of familiarity is being tested, model its temporal profile explicitly, and avoid interpreting 

early performance differences as evidence of faster learning when such differences may reflect pre-

existing environmental familiarity. This is particularly relevant for experimental paradigms in which 

behavior is assessed primarily at the beginning of the task, or where rapid initial calibration is 

theoretically central as well as for VR-based assessments, where the familiarity of the simulated 

environment may influence performance independently of the task itself. 

These findings also open new avenues for application. In the context of automated systems, 

training, and safety regulation, the role of familiarity must be carefully considered. Systems that 

dynamically adapt to a user’s perceived familiarity or task complexity may help optimize performance 

and reduce cognitive overload (Scharfe-Scherf & Russwinkel, 2021). These results therefore hold future 

testable implications for the design of context-aware digital environments, where behavioral calibration 

may benefit from interfaces that reflect or leverage users’ pre-existing spatial knowledge.  
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In clinical, educational, or rehabilitation contexts, familiar environments may scaffold strategic 

engagement and enhance self-regulation. However, the physical proximity of high-risk settings to 

individuals’ everyday environments may pose policy challenges, as easier access can facilitate risk-taking 

behaviors. This highlights the relevance of considering geographic accessibility in designing interventions 

or regulations for activities with addictive potential, such as gambling. Although this implication remains 

speculative in the context of the present study, it illustrates why the source and personal meaning of 

environmental familiarity may be relevant beyond laboratory tasks.  

These implications should be interpreted within the scope of the present design. The study used 

a relatively focused sample of young university students, which was appropriate for this initial test of a 

personalized VR manipulation, but future research should examine whether similar effects are observed 

in larger and more diverse samples. In addition, the familiar condition was intentionally implemented as 

a home-based autobiographical environment. This choice increased ecological validity, although it also 

means that familiarity may have involved several related components, including spatial knowledge, 

autobiographical memory, emotional meaning, perceived safety, and everyday accessibility. Future 

studies could further refine this approach by comparing different types of familiar environments, such as 

home, workplace or frequently visited public spaces. Moreover, the present study did not directly assess 

the psychological mechanisms that may underlie the familiarity advantage.  Finally, perceived control, 

subjective uncertainty, emotional arousal, confidence, attachment with the place, and perceived safety 

therefore remain promising candidates for future research.  

Within this context, the present study highlights the value of personalized virtual reality as a 

methodological bridge between experimental control and real-world complexity. By immersing 

participants in a home-based familiar environment, we isolated the effects of pre-existing 

environmental familiarity with high ecological validity (Ju & Wallraven, 2023; Marín-Morales et al., 

2018). Our findings show that such familiarity shapes how individuals navigate uncertainty, participants 
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earned more points and showed earlier strategic calibration in a risk-sensitive task, without incurring 

higher loss rates. These results underscore that environmental cues influence not just decision 

outcomes, but also the behavioral regulation processes involved in managing potential rewards and 

losses. If future studies confirm that familiarity reduces subjective complexity or increases perceived 

control, this mechanism may help explain decision patterns in real-world scenarios, such as faster 

adaptation during crises in familiar surroundings or excessive confidence in familiar but high-risk 

environments. More broadly, this work contributes to understanding how users behave within 

immersive technologies, reinforcing the need to incorporate environmental familiarity into human 

cognition and technology-mediated explanatory models of decision-making. 
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