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A B S T R A C T   

Loot boxes (randomised rewards in video games) possess structural similarities to traditional 
forms of gambling, with a well-documented and robust link between problem gambling symp-
tomatology and loot box spending. In this research, we present two studies investigating the role 
of impulsivity (an established predictor for problem gambling behaviour) and reward/punish-
ment sensitivity in predicting loot box spending. Across two samples, recruited from MTurk (n =
342) and Prolific Academic (n = 1142), Positive Urgency and Sensation Seeking (measured using 
the short UPPS-P) and BAS-Drive (measured using the BIS/BAS) were positively correlated with 
loot box spending. Combined, results indicate a positive reinforcement process is important in 
understanding loot box spending but provide evidence against a negative reinforcement mech-
anism (i.e., purchasing loot boxes to mitigate negative affect). Beyond problem gambling 
symptomatology, impulsivity may play a role in loot box purchasing. However, the impulsive 
factors implicated in loot box purchasing appear to differ in some ways from those implicated in 
problem gambling.   

1. Introduction 

Loot boxes are a form of purchase within video games (i.e., “microtransaction”) that offer randomised digital rewards to players 
(Drummond & Sauer, 2018). The rewards range from the purely cosmetic (i.e., new looks for characters or weapons), to those 
providing competitive in-game advantages for the consumer (i.e., stronger items, upgrades to abilities, etc). Rewards obtained from 
loot boxes also vary in rarity; some items have a lower probability of being received from a loot box, conferring greater subjective and, 
in some cases objective, value (Drummond et al., 2020a). Loot box systems are common, appearing in approximately 60 % of the top 
iPhone games and games on the Google play store, and 36 % of the top-selling games on the Steam store (Zendle et al. 2020a). Recent 
data suggests most PC gamers (70–85 %) have been exposed to them (Zendle et al., 2020c). Estimated spending on these mechanisms in 
2020 was around $15 billion USD, but may exceed $20 billion USD per year by 2025 (Juniper Research, 2021). Concerns have been 
raised regarding the psychological similarities between many loot box systems and conventional gambling activities (Drummond & 
Sauer, 2018; Drummond et al., 2020a), and research has demonstrated a consistent link between problem gambling symptomatology 
and loot box spending (for current published systematic and meta-analytic reviews see: Garea et al. 2021; Raneri et al., 2022; Spicer 
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et al., 2021; Yokomitsu et al., 2021). Thus, researchers (e.g., Drummond & Sauer, 2018; Griffiths, 2018; Zendle et al., 2018) have 
expressed concerns that loot box systems target potent psychological mechanisms associated with gambling behaviour, and may pose 
risks to vulnerable populations (e.g., those predisposed to problem gambling behaviours). The current research sought to further 
explore individual difference factors that might amplify the potential harms associated with engaging with loot boxes. Specifically, we 
evaluated whether impulsivity and reward sensitivity, both associated with problem gambling (Farrell & Walker, 2019; Savvidou 
et al., 2017), predicted spending on loot boxes. 

1.1. Loot boxes and gambling 

Loot boxes have often been compared specifically to slot machine gambling, as they typically operate on variable ratio rein-
forcement schedules, allow rapid, uninterrupted play, require little skill to engage with, and are often paired with auditory and visual 
stimulation upon reward delivery (Brooks & Clark, 2019; Griffiths, 2018; King & Delfabbro, 2019; Larche et al., 2021). Essentially, 
desirable rewards, such as rare virtual items or jackpot wins, are received after an unknown number of actions (e.g., loot boxes opened, 
slot machine turns). Further, Drummond and Sauer (2018) found that loot box systems across many games fulfil the psychological 
criteria that distinguish gambling activities from pure risk-taking activities. Moreover, Drummond et al. (2020a) proposed that 
because virtual items received from loot boxes have tangible, real-world value, they might meet common legal definitions of genuine 
gambling activities. Drummond et al. (2020a) also analysed 1.45 billion virtual item sales across three games and found that the 
majority of items that are “cashed out” (i.e., onsold in online marketplaces) are sold at a price below the cost of a loot box, indicating a 
financial loss for the seller. 

The first meta-analysis on the relationship between loot box spending and problem gambling symptomatology established an effect 
size of approximately r = 0.26 (Garea et al., 2021). Problem gambling symptomatology is approximately twice as high on average for 
individuals who had paid real money for a loot box when compared to individuals who had only received free loot boxes (Zendle et al., 
2020b). Further, income plays a relatively modest role in loot box purchasing when compared to problem gambling symptomatology, 
which suggests that individuals are not pre-planning their spending on the basis of their means (Garrett et al., 2022). 

Increased accessibility and availability of gambling activities is a catalyst for problematic gambling (Blaszczynski & Nower, 2002), 
and exposure to gambling activities in adolescence is predictive of problem gambling in adulthood (Zendle et al., 2019b). Many games 
containing loot boxes are accessible to minors (Drummond & Sauer, 2018; Zendle et al., 2020a), which is noteworthy because younger 
audiences – with increased impulsivity and reduced ability to critically appraise risk – may be especially prone to these “predatory” 
and gambling-like monetisation techniques (King & Delfabbro, 2018). Accordingly, research has found that the relationship between 
loot box spending and problem gambling symptomatology is stronger for adolescents than for adults (Zendle et al., 2019). 

The link between loot box spending and problem gambling symptomatology is well-established and robust (Garea et al., 2021; 
Raneri et al., 2022; Spicer et al., 2021; Yokomitsu et al., 2021). Moreover, this relationship is stronger for loot boxes than other 
randomised purchases, such as collectible card games (Zendle et al., 2021), supporting the claim that loot boxes tap into psychological 
mechanism similar to those underlying conventional gambling activities. Thus, other characteristics that predict problem gambling 
behaviours might similarly predict problematic loot box engagement. In this study, we explored the relationship between impulsivity – 
a well-established factor underlying problem gambling behaviours (Dowling et al., 2017) – and loot box spending. We also investigate 
related concepts, including sensation seeking and reward sensitivity. 

1.2. Impulsivity 

Impulsivity has been consistently associated with gambling behaviours (MacKillop et al., 2014). MacKillop et al. (2016) propose 
that impulsivity can be separated into three separate categories: (1) impulsive choice, the discounting of delayed rewards, (2) 
impulsive action, the ability to inhibit motor responses, and (3) impulsive personality traits, the self-reported acknowledgement of 
one’s ability (or inability) to self-regulate. These categories represent theoretically valuable research pathways - with little to no 
empirical research - in relation to understanding problematic loot box spending and engagement. We focussed on the third of these 
categories, testing whether impulsive personality traits predispose individuals to problematic engagement with loot boxes. 

There are no empirical tests of the association between loot box spending and sensation seeking. However, Spicer et al.’s (2022a,b) 
content analysis indicated that sensation seeking was the factor most commonly reported by participants as contributing to the future 
uptake of (1) gambling following loot box purchasing, and (2) loot box purchasing following engagement with gambling, with 39 % 
and 35 % of participants reporting this factor, respectively. The association between loot box spending and impulsivity, however, has 
previously been examined in four studies. Two studies used shortened versions of the Eysenck Impulsivity Scale (Eysenck and Eysenck, 
1978). First, Zendle et al. (2019) reported a non-significant correlation (rs = 0.06) between impulsivity (measured with a 5-item 
version) and loot box spending based on data from a sample of 1,155 16–18-year-olds adolescents. Second, Wardle and Zendle 
(2021) found (using a 7-item version) that in a sample of 3,549 16–24-year-olds, the mean impulsivity scores of loot box purchases was 
significantly greater than those who had not purchased loot boxes, but impulsivity had a limited effect on association between problem 
gambling and loot box purchasing. The other two studies both used a shortened (8-item) version of Barratt Impulsivity Scale (Barratt, 
1959): the BIS-Brief (Steinberg et al., 2013). First, Xiao et al. (2021) - using a translated version - tested 879 gamers from the People’s 
Republic of China and reported a significant correlation (rs = 0.06) between impulsivity and loot box spending. Second, Spicer et al. 
(2022) used the scale in a sample of 1,102 UK adults and reported a non-significant correlation between loot box spending and 
impulsivity (rτ = 0.01). Despite reporting rank-ordered correlations of identical magnitude (rs = 0.06), Xiao et al. (2021) reported a 
statistically significant finding and Zendle et al. (2019) did not, however, both these effect sizes fall well below respective guidelines 
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proposed by Ferguson (2009) and Orben and Przybylski (2019) of r = 0.20 and r = 0.10 for practical relevance. Thus, despite dif-
ferences in significance, both found correlations that suggest a trivial relationship. However, all four previous studies measured 
impulsivity as a unidimensional construct. This approach provides a limited examination of the relationship between impulsivity and 
loot box spending, and may also represent an oversimplification of impulsivity as a construct, given that impulsivity has been shown to 
be multifaceted (Verdejo-García et al., 2010; Whiteside & Lynam, 2001). We therefore extend upon this previous research by 
examining loot box spending with a more comprehensive measure of impulsivity, which may identify specific impulsive pathways that 
were not assessed in previous studies which used unidimensional measures. 

The UPPS Impulsive Behaviour scale is a well-established measure of impulsive personality traits (Whiteside & Lynam, 2001), 
collating several impulsivity measures and separating distinctive components of the construct that had previously all existed under the 
umbrella term of “impulsivity”. The UPPS originally contained four sub-scales: (1) Urgency (tendency to experience strong impulses 
under negative affect), (2) lack of Premeditation (tendency to think of consequences of action prior to engagement), (3) lack of 
Perseverance (ability to remain focussed on a boring/difficult task), (4) Sensation Seeking (a tendency to enjoy/pursue exciting ac-
tivities or openness to trying new experiences; Whiteside & Lynam, 2001). Later, Cyders et al. (2007) developed the UPPS-P, separating 
urgency into positive urgency and negative urgency, reflecting rash action under positive or negative emotions, respectively. 

Across different samples, all UPPS-P factors have been found to correlate with gambling-related outcomes, including gambling 
related cognitions (Michalczuk et al., 2011), treatment dropout (Mallorquí-Bagué et al., 2019), impaired control, and gambling 
severity (Haw, 2017). The factors related to problematic gambling behaviours differ across specific types of gambling activity (e.g., 
slots, poker, lotteries, etc). As loot boxes are psychologically and structurally similar to slot machines, impulsive profiles associated 
with problematic slot machine gambling may provide a basis for the expected impulsive profiles associated with problematic loot box 
use. Across three studies examining slot machine gamblers (Aragay et al., 2018; Blain et al., 2015; Haw, 2017), negative urgency was 
the only factor consistently related to problem gambling. Given that research investigating the similarities between loot boxes and 
gambling is still developing, and the limited research on using the UPPS-P and slot machines, our preregistered hypotheses reflected 
the broader gambling literature. Based on general patterns observed in the gambling literature (see Navas et al., 2017), we predicted 
that Negative Urgency, Positive Urgency, and (lack of) Premeditation would be positively correlated with loot box spending. 

1.3. Sensitivity to reward and punishment 

We were also interested in reward and punishment sensitivity, and their respective roles in loot box engagement. Gray’s (1991) 
Reinforcement Sensitivity Theory (RST) proposes two systems. First, the Behavioural Activation System (BAS), which is sensitive to 
reward and non-punishment. Second, the Behavioural Inhibition System, which is sensitive to punishment and non-rewarding stimuli 
(Gaher et al., 2015). Generally, individuals high in BAS have higher levels of impulsivity, positive affect (Reuter et al., 2015), and 
engage in greater risk-taking behaviours, while individuals with high BIS are more likely to display anxiety and act cautiously (Carver 
& White, 1994). The RST was revised by Gray and McNaughton (2000) to incorporate an additional system: the Fight, Flight, and 
Freeze System (FFFS), which is activated by fear, with the BIS theorised to instead be activated by anxiety related to goal conflicts 
(Reuter et al., 2015). Effectively, the revised RST proposes three systems: (1) BAS, which regulates responses to desirable stimuli, (2) 
FFFS, which is associated with fear and controls responses to aversive stimuli, and (3), BIS, which is associated with anxiety and 
mediates any conflict that arise between the opposing systems by exciting/inhibiting either BAS or FFFS (depending on the stimulus), 
ultimately initiating an approach/avoidance behaviour. Reward sensitivity is positively associated with a number of disorders 
including substance use, eating disorders, alcohol abuse, behavioural addictions (see: Jiménez-Murcia et al. 2017), and problem 
gambling (Balodis et al. 2014; Gaher et al. 2015; MacLaren et al., 2012; Navas et al. 2017). Reward sensitivity has found to lead to 
greater wagers sizes on slot machines (Kim & Lee, 2011), more time and money spent whilst gambling (O’Connor et al., 2009) and 
making more risky decisions when gambling (Maclaren et al., 2012). Conversely, punishment sensitivity holds an inconsistent rela-
tionship with problem gambling, potentially due to variability between different types of gambling activities, and associated per-
ceptions of risk and reward (Balodis et al., 2014). Punishment sensitivity has been demonstrated to protect against problematic 
gambling at low levels of reward sensitivity, but also exacerbate gambling severity at higher levels of reward sensitivity (Gaher et al., 
2015). With specific regard to slot machine gambling, results are ambiguous. MacLaren et al. (2012) found that, in a sample of 
adolescent gamblers, individuals with higher scores on two BAS subscales (Drive and Fun Seeking) and one of two BIS subscales (BIS- 
Fear) were also higher in problem gambling symptoms, whilst Balodis et al. (2014) found that problem slot machine gamblers were low 
on BAS, and high in BIS. 

Considering loot boxes purchasing, both reward and punishment sensitivity are theoretically relevant, and currently unexplored. 
Individuals who are attracted to rewards may be motivated to purchase loot boxes, as they are to gambling (Kim & Lee, 2011), whilst 
those with high punishment sensitivity may avoid loot boxes due to their unpredictable outcomes and the associated possibility of 
financial loss (Drummond et al., 2020a). However, there is evidence that gambling is also associated with a negative reinforcement 
mechanism, where gambling is used as a means to alleviate negative affect (Jiménez-Murcia et al., 2017). Conceivably, a similar 
mechanism could underly loot box spending; with players engaging with loot boxes to avoid negative states such as stress or in-game 
obstacles to gameplay. Given the mixed findings regarding the role of punishment sensitivity in gambling contexts, we did not make a 
priori hypotheses regarding the role of BIS in loot box engagement. However, based on the overall pattern of results for reward 
sensitivity - indicating a positive relationship between reward sensitivity and problem gambling - we expected to find positive cor-
relations between BAS scores and loot box spending. 
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1.4. The current research 

Across two studies, we examined the correlation between loot box spending and a number of pathways to impulsivity and reward 
sensitive behaviour. We expected that loot box spending and scores on the Risky Loot Box Index (RLI) would be positively correlated 
with three of the five UPPS-P sub-scales (positive urgency, negative urgency, and [lack of] premeditation), and high scores on the BAS 
(reward sensitivity). Identifying which factors are meaningfully associated with loot box spending and risky loot box-related behaviour 
will help isolate the personality traits that separate the high spenders on loot boxes from low spenders, and those at risk of over- 
spending. Additionally, we analysed if relationships identified between loot box spending and impulsivity and reward sensitivity 
generalised to spending on non-randomised microtransactions (i.e., spending on non-gambling like in-game purchases). This will help 
establish if loot boxes are uniquely correlated with impulsivity and/or reward sensitivity, or if these relationships extend to all 
microtransactions. Identifying factors that discriminate between loot box spending from spending on non-randomised micro-
transactions will assist in providing a more complete understanding of the risk profiles associated with potential overspending on 
randomised and non-randomised in-game purchases. 

Study 1 allowed us to generate informed hypotheses about the relationships between these measures and loot boxes, and Study 2 
examined if these relationships generalised to a different, larger sample. Thus, Study 2 served as a direct replication of the results of 
Study 1. To avoid redundancy, and to help illuminate consistencies between studies, we report combined Methods, Results, and 
Discussion sections herein. 

2. Preregistration 

Preregistration for Study 1 and 2 can be accessed via the Open Science Framework page at: https://osf.io/vsnzm/?view_ 
only=7ee6794459d149a880257a5651d2aeb8 and https://osf.io/t8gsa/?view_only=e2759bf4e08141e997aa54acc1df02dd, respec-
tively. Data for Study 1 can be accessed via: https://osf.io/3gjqt/?view_only=1ac99ee8176b4dcda3c680566d429fe3. Data and sup-
plementary findings for Study 2 can be accessed via: https://osf.io/caqz4/?view_only=ff2c9b7048af4ee5a8668328fefe9389. 

3. Method 

3.1. Participants 

3.1.1. Study 1 
We recruited 537 respondents from Amazon Mechanical Turk (MTurk), with 414 participants completing the study. Five partic-

ipants had duplicate MTurk worker ID numbers, so their second attempt was removed, leaving 409 unique responses. Participants were 
required to be US residents, and have completed>500 tasks with an approval rating of 98 % or higher. The sample of participants who 
completed the study consisted of a similar number of male (n = 207/51.6 %) and female (n = 200/48.9 %) participants. Two par-
ticipants (0.5 %) chose not to disclose their gender. The mean age of the sample was 37 years (SD = 11 years). 

3.1.2. Study 2 
For the direct replication, we recruited participants through Prolific. Data from Prolific has been found to be of a high quality across 

a number of studies, specifically when compared to MTurk (Peer et al., 2022), and MTurk data quality has decreased over recent years 
(Chmielewski and Kucker, 2020). Differences in the administrative costs required to ensure data quality control between Prolific and 
MTurk mean that Prolific data collection costs are higher. Due to limited funds at the time of data collection for Study 1 we used 
MTurk. However, this is not detrimental to the purposes of Study 1, which was to establish informed hypotheses (based on trends in a 
smaller sample) that could then be tested in a larger sample in Study 2. 1,362 people attempted the study, with 1,253 completing it. 
One participant had a duplicate ID, so their second attempt was removed. Two participants did not have nationality data available 
through Prolific and therefore were not able to be included in the final sample, leaving 1,250 valid responses: 917 participants from the 
United States, 266 from Australia, 67 from Aotearoa New Zealand. This sample contained a high number of females (n = 814/65 %) 
compared to male (n = 384/31 %), and non-binary responders (n = 50/4%). One individual did not report a gender. The mean age of 
this sample was 27 years (SD = 9 years). 

3.2. Exclusions 

We preregistered four exclusion criteria. Participants were excluded if they (1) failed to answer the loot box spending question (i.e., 
left it blank), (2) responded “yes” to the statement “Have you owned a three-headed dog?”, (3) failed to agree with the statement “I 
took this survey seriously”, and/or (4) selected either “Kings of Eden” or “Return to the Ashes” from a list of games in response to the 
question “Have you played any of the following games?”. These two fictional games were included amongst a number of real titles (i.e., 
“League of Legends”, “Fortnite”, “Overwatch”, etc.) but, being fictional, could not have been played by participants. After an initially 
high number of participants failing one of the attention checks in Study 1 (23 of the first 50), we incorporated an additional qualitative 
question requiring participants to indicate their favourite video game, and explain this preference, in one to three sentences. Although 
we initially considered using these qualitative responses as an additional non preregistered attention check, once it was included in the 
survey the high number of attention check failures largely abated. The free text nature of the additional item required individuals to 
invest more effort, potentially decreasing mischievous and bot responding. Two participants in Study 1 were excluded for not 
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answering the loot box spending question. Eleven participants in Study 1 and 29 in Study 2 were excluded for stating they had once 
owned a three-headed dog. For reporting they did not take the survey seriously, six participants in Study 1 and one in Study 2 were 
excluded. Finally, for selecting either or both of the fake games, 46 participants in Study 1 and 71 in Study 2 were excluded. 
Admittedly, some of the participants excluded for selecting the fake games could have been legitimate responders (with their responses 
indicating confusion or a memory error), but exclusion based on this criterion was preregistered and is believed would have reduced 
the quantity of non-serious/non-attentive responders in the final sample. 

Further, to reduce the inflation of effect sizes, any extreme scores (i.e., outliers) were removed. In accordance with our prereg-
istration, we followed Tabachnick and Fidell’s (2007) guidelines in defining outliers as any score that falls 3.29 SDs above the mean. In 
Study 1, two participants reported spending greater than $165.99 per month on loot boxes and were excluded. This left a final sample 
size of 342. In Study 2, we excluded seven participants who reported spending on loot boxes greater than $179.43 USD. This resulted in 
a final sample of 1142 participants (813 Americans, 263 Australians, and 66 Aotearoa New Zealanders). 

3.3. Design 

In both studies, we utilised a cross-sectional, between-subjects correlational design. Primary measures were the Problem Gambling 
Symptomology Index (PGSI), the Risky Loot Box Index (RLI), self-reported loot box spending in past month, self-reported non-rand-
omised microtransaction spending in past month, impulsivity (measured by the short UPPS-P), and reward/punishment sensitivity 
(measured by the BIS/BAS). 

3.4. Measures 

3.4.1. Loot box spending 
Participants were asked how much money they had spent on loot boxes in the past month. For Study 2, due to the multiple na-

tionalities surveyed, we standardised loot box spending reported in native currency to USD prior to analysis. We converted all spending 
data into US dollars on the 28th of July 2021, using Google’s currency conversion. This meant 1 AUD = 0.74 USD, and 1 NZD = 0.70 
USD. This was not required for Study 1 as all participants were from the US. Additionally, participants for both studies were recruited 
during the COVID-19 pandemic. Although this may prompt concerns over the representativeness of the data for non-pandemic 
spending levels, evidence suggests against a general increase in loot box spending over the pandemic (Hall et al., 2021). 

3.4.2. Non-Randomised In-Game spending 
Similarly, participants reported spending on non-randomised microtransactions within the last month in native currency and, for 

Study 2, we converted spending to USD prior to analysis. 

3.4.3. Problem gambling symptomatology 
Gambling severity was measured by the Problem Gambling Severity Index (PGSI). The PGSI is a 9-item scale that asks participants 

to rate how often (on a scale from 0 – never, 3 – always) they have experienced issues related to gambling in the last 12 months. Scores 
on this scale range from 0 to 27, with higher scores indicating greater problem gambling symptomology. Additionally, scores can be 
separated into categories representing different risks of gambling issues. These categories are a score of 0 = “Non-Problem Gamblers”, 
1–2 = “Low Risk Gamblers”, 3–7 = “Moderate Risk Gamblers”, and 8 or higher = “Problem Gamblers”. Cronbach’s alpha for this scale 
was high, α = 0.939 and 0.897 in Study 1 and 2, respectively. 

3.4.4. Risky loot box Index 
The Risky Loot Box Index (RLI) is a 5-item scale developed by Brooks and Clark (2019) to examine risky engagement with loot 

boxes. The scale required participants to rate their agreement with each item on a Likert Scale ranging from 1 – “Strongly Agree” to 7 – 
“Strongly Disagree”. This scale shares a high degree of association with gambling related cognitions. Scores on this scale range from 5 
to 35, with higher scores indicating greater risky loot box engagement. Cronbach’s alpha for this scale was high, α = 0.936 and 0.893 in 
Study 1 and 2, respectively. 

3.4.5. Impulsivity 
Impulsivity was measured by the short UPPS-P (Cyders et al., 2014); a 20-item questionnaire based on the original 59-item UPPS-P 

(Whiteside & Lynam, 2001; Cyders et al., 2007), which maintains good internal consistency, external validity, and conserves the five- 
factor structure of the UPPS-P (Dugré et al., 2019). This short version has four items per scale instead of the original 10–13 items. There 
are five scales: Negative Urgency, Positive Urgency, (lack of) Premeditation, (lack of) Perseverance and Sensation Seeking. Individuals 
were asked a question such as “I finish what I start” (a measure of Perseverance) on a Likert scale that ranged from 1 – “Agree Strongly” 
to 4 “Disagree Strongly”. Cronbach’s alpha for the following scales across Study 1 and 2 was: α = 0.833 and 0.795 for Positive Urgency, 
0.819 and 0.758 for Negative Urgency, 0.820 and 0.793 for (lack of) Premeditation, 0.696 and 0.699 for (lack of Perseverance), and 
0.739 and 0.664 for Sensation Seeking. 

3.4.6. Reward and punishment sensitivity 
Reward sensitivity was measured by the BIS/BAS (Carver & White, 1994), which is based on the original conception of the RST. 

This is a 24-item questionnaire designed to measure the BIS (7 items) and the BAS (13 items), with four filler items. Participants rate 
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how much they agree or disagree with each statement on a scale ranging from 1 – “Very True for Me” to 4 – “Very False for Me”. The 
BAS scale can be divided into three subscales: Drive (goal-directed behaviour), Fun Seeking (desire for new rewards and willingness to 
approach potentially rewarding events without thinking), and Reward Responsiveness (approach motivation for anticipation of future 
rewards). The Drive, Fun Seeking, and Reward Responsiveness scales have four, four, and five items, respectively. Examples of these 
items include “I go out of my way to get things I want” (Drive), “I’m always willing to try something new if I think it will be fun” (Fun 
Seeking), and “When I get something I want, I feel excited and energized” (Reward Responsiveness). In accordance with Heym et al. 
(2008), the original seven-item BIS was separated into two scales, measuring FFFS-Fear (four items) and BIS-Anxiety (three items). 
This alteration to the original measure allows for a better representation of the revised RST (Gray & McNaughton, 2000): dis-
tinguishing between different motivations underlying behaviour, which the original scale – and theory – did not. Examples of these 
items include: “Even if something bad is about to happen to me, I rarely experience fear or nervousness” (Fear), and “I feel worried 
when I think I have done poorly at something important” (Anxiety). Cronbach’s alpha across Study 1 and 2 was: α = 0.809 and 0.755 
for BAS-Drive, 0.726 and 0.672 for BAS-Fun Seeking, 0.797 and 0.643 for BAS-Reward Responsiveness, 0.848 and 0.748 for BIS- 
Anxiety, and 0.606 and 0.609 for FFFS-Fear. 

4. Results 

In accordance with our preregistration, we analysed our data with Bayesian correlations. As with interpreting frequentist corre-
lations, when interpreting Bayesian correlations, one must consider both the magnitude of the relationship (i.e., the size of the co-
efficient) and the evidence that the effect is statistically reliable/meaningful (i.e., that the alternative hypothesis is preferred to the 
null). Whereas frequentist correlations reject the null on the basis of a p value, we use a Bayes factor to quantify the strength of the 
evidence for each Bayesian correlation. When interpreting Bayes factor strength, we followed Lee and Wagenmakers’ (2014) guide-
lines. Essentially, a Bayes factor of 1–3 represents anecdotal evidence, 3–10 indicates moderate evidence, 10–30 indicates strong 
evidence, 30–100 indicates very strong evidence, and > 100 indicates extreme evidence for a relationship between the two variables. 
Note: Bayes factors can be reported such that higher value indicate increased support for the alternative hypothesis relative to the null 
(denoted by BF10), or increased support for the null hypothesis relative to the alternative (denoted by BF01). For ease of interpretation, 
and to utilize the aforementioned Bayes factor guidelines, we report BF10 when evidence supports the alternative and BF01 when 
evidence supports the null. In Study 1, loot box spending data demonstrated high levels of skewness (3.61) and kurtosis (14.73) even 
after outliers were removed, as did spending on non-randomised microtransactions (skewness = 1.74, kurtosis = 2.88), even after 
outliers were removed. In Study 2, issues with normality remained: loot box spending demonstrated high levels of skewness (7.50) and 
kurtosis (70.12), as did non-randomised spending (skewness = 6.59, kurtosis = 57.41), even after outliers were removed. In accor-
dance with our preregistrations, we rank ordered variables that violated normality prior to analysis (i.e., performed a Spearman’s 
correlation) to counter these problems. Spearman’s rho (denoted by rs) is reported if a Spearman’s correlation was used, otherwise, a 
Pearson correlation coefficient (denoted by r) will be reported. 

Table 1 shows the relationship between commonly reported patterns (i.e., positive correlations between loot box spending and 
PGSI/RLI) were also present within our data, with magnitudes of rs = 0.41 and rs = 0.31 in Studies 1 and 2, respectively. Similar to 
Drummond et al. (2020b), there were also positive correlations between non-randomised microtransaction spending and problem 
gambling severity in both samples, albeit with smaller relationships than those for loot box spending. The relationship between PGSI 
and RLI was also present in both samples. Fig. 1 shows how spending on loot boxes and non-randomised microtransactions differed 
across each PGSI category and between studies. 

Table 1 
Zero Order Correlations and Bayes Factors Between Loot Box Spending, Problem Gambling Symptomatology (PGSI), Non-Randomised Micro-
transaction Spending, and Risky Loot Box Index (RLI) Scores.    

PGSI Risky loot box index 

Loot Box Spending Study 1 rs = 0.41 
BF10 = 1.77 × 1012  

rs = 0.50 
BF10 = 1.88 × 1020  

Study 2 rs = 0.31 
BF10 = 1.55 × 1024  

rs = 0.32 
BF10 = 6.31 × 1025 

Non-random microtransaction spending Study 1 rs = 0.33 
BF10 = 1.43 × 107  

rs = 0.35 
BF10 = 1.11 × 108  

Study 2 rs = 0.22 
BF10 = 3.34 × 1010  

rs = 0.26 
BF10 = 1.03 × 1016 

Risky Loot Box Index Study 1 r = 0.32 
BF10 = 6.24 × 106 

1 
-  

Study 2 r = 0.30 
BF10 = 1.31 × 1022 

1 
- 

Note. BF10 indicates evidence in favour of the alternative hypothesis. rs = Spearman correlation. 
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4.1. Impulsivity 

For Study 1, based on gambling research using the UPPS-P, we preregistered that three UPPS-P sub-scales (negative urgency, 
positive urgency, and (lack of) premeditation) would be positively associated with loot box spending. In the literature, neither 
sensation seeking nor (lack of) perseverance show a consistent relationship with gambling symptomatology (using the UPPS-P), and 
therefore our analyses of these subscales were exploratory. To allow greater confidence in our conclusions, we took a conservative 
approach to defining a ‘meaningful’ correlation, preregistering that an association below < 0.15 would be considered negligible. We 
considered 0.15 our smallest correlation of interest based on the correlations reported in the gambling literature (e.g., Aragay et al. 
2018), and because we would have the power to reliably detect an effect of this size given the sample size in Study 1. This value 
ultimately represents a middle point between previous values proposed for “practical” relevance in the literature for both Spearman 
(rs) and Pearson correlations (r) (Ferguson, 2009; Orben and Przybylski, 2019). Results of these correlational analyses (Table 2) 

Fig. 1. Mean Monthly Spend ($USD) on Loot Boxes (Top) and Non-Randomised Microtransactions (Bottom), Split by PGSI Severity and Study. Note. 
Error bars indicate standard deviation. 
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indicate that Positive Urgency held the strongest relationship with loot box spending, with decisive evidence for a small, positive 
correlation. Sensation Seeking also had strong evidence for a small positive correlation with loot box spending. Correlations involving 
loot box spending and (lack of) Premeditation and Negative Urgency were positive but just below the threshold we set for negligibility. 
For the correlation between (lack of) Perseverance and loot box spending, we found moderate-to-strong evidence for a null effect (i.e., 
no meaningful correlation between variables). 

For Study 2, we based our hypotheses on the findings from Study 1, specifically to see if correlations were consistent between 
samples. We therefore preregistered that only positive urgency and sensation seeking would be positively correlated with loot box 
spending (again specifying 0.15 as our cut-off for practical relevance), and other UPPS-P factors would be negligibly correlated. Results 
were consistent with our hypotheses, although correlations were generally smaller than observed in Study 1. Positive urgency and 
sensation seeking remained positively correlated with loot box purchasing above the threshold, whilst there was strong evidence that 
negative urgency and (lack of) premeditation were uncorrelated with loot box spending. Finally, (lack of) perseverance had seman-
tically different results: instead of evidence for a null correlation, there was anecdotal evidence for a trivial correlation. 

Relationships between impulsivity and non-randomised microtransaction spending (Table 2) were generally weaker than those for 
loot box spending, with most correlations being negligible in magnitude and with weaker evidence denoted by associated Bayes 
factors. The only relationship that exceeded the preregistered threshold (>0.15) was positive urgency in Study 1 (rs = 0.15), whilst in 
Study 2, this relationship was similar in magnitude (rs = 0.14) but fell just below this threshold. 

Regarding RLI scores, correlations remained consistent across studies, although the magnitude of effects were also smaller in Study 
2. There was decisive evidence for small correlations between RLI scores and negative urgency, positive urgency, and sensation 
seeking. Whilst evidence for relationships between RLI and (lack of) premeditation and Perseverance were either anecdotal, or in 
favour of the null. 

Table 2 
Zero Order Correlations and Bayes Factors Between Loot Box Spending, Non-Randomised Microtransaction Spending, Risky Loot Box Index Scores, 
PGSI Scores and Scores across Each UPPS-P Factor.    

NU PU SS Premed Pers 

Loot Box Spend Study 1 rs = 0.14 
BF10 = 4.77 

rs = 0.28 
BF10 = 169546.22 

rs = 0.18 
BF10 = 21.48 

rs = 0.14 
BF10 = 3.37 

rs = -0.05 
BF01 = 9.71  

Study 2 rs = 0.04 
BF01 = 11.81 

rs = 0.15 
BF10 = 13488.73 

rs = 0.17 
BF10 = 485982.54 

rs = -0.03 
BF01 = 18.41 

rs = -0.08 
BF10 = 1.56 

Non-Rndm Spend Study 1 rs = 0.06 
BF01 = 8.47 

rs = 0.16 
BF10 = 4.26 

rs = 0.12 
BF01 = 1.38 

rs = 0.05 
BF01 = 9.63 

rs = -0.13 
BF01 = 1.29  

Study 2 rs = 0.08 
BF01 = 1.10 

rs = 0.14 
BF10 = 2314.41 

rs = 0.06 
BF01 = 2.90 

rs = -0.02 
BF01 = 23.44 

rs = -0.07 
BF01 = 2.94 

RLI  Study 1 r = 0.27 
BF10 = 34096.50 

r = 0.34 
BF10 = 1.39 × 108 

r = 0.25 
BF10 = 5224.09 

r = 0.12 
BF10 = 1.42 

r = -0.12 
BF01 = 1.30  

Study 2 r = 0.16 
BF10 = 173048.12 

r = 0.25 
BF10 = 9.77 × 1014 

r = 0.19 
BF10 = 8.26 × 107 

r = 0.03 
BF01 = 18.29 

r = -0.07 
BF01 = 1.18 

Note. rs = Spearman correlation, r = Pearson correlation. BF10 indicates evidence in favour of the alternative hypothesis, and BF 01 indicates evidence 
in favour of the null hypothesis. NU = Negative Urgency, PU = Positive Urgency, SS = Sensation Seeking, Premed = Lack of premeditation, Pers =
Lack of Perseverance, RLI = Risky Loot Box Index, Non-Rndm Spend = monthly spending on non-randomised microtransactions. 

Table 3 
Relationships and Bayes Factors Between Loot Box Spending, Non-Randomised Microtransaction Spending, Risky Loot Box Index Scores and Scores 
across BAS Scales.    

BAS-D BAS-FS BAS-RR  BAS Total 

LB Spend Study 1 rs = 0.23 
BF10 = 1061.87 

rs = 0.22 
BF10 = 808.19 

rs = 0.14 
BF10 = 3.23 

rs = 0.24 
BF10 = 2202.59  

Study 2 rs = 0.17 
BF10 = 1.99x106 

rs = 0.13 
BF10 = 757.44 

rs = 0.02 
BF01 = 16.48 

rs = 0.14 
BF10 = 4423.40 

Non-Rndm Spend Study 1 rs = 0.21 
BF10 = 102.02 

rs = 0.13 
BF10 = 1.27 

rs = 0.13 
BF10 = 1.34 

rs = 0.19 
BF10 = 42.02  

Study 2 rs = 0.12 
BF10 = 111.71 

rs = 0.07 
BF01 = 1.19 

rs = 0.01 
BF01 = 25.24 

rs = 0.09 
BF10 = 4.54 

RLI  Study 1 r = 0.29 
BF10 = 230168.45 

r = 0.21 
BF10 = 251.73 

r = 0.23 
BF10 = 1308 

r = 0.30 
BF10 = 1.71x106  

Study 2 r = 0.23 
BF10 = 6.32x1012 

r = 0.22 
BF10 = 9.80x1010 

r = 0.17 
BF10 = 709460.42 

r = 0.26 
BF10 = 7.62x1015 

Note. rs = Spearman correlation, r = Pearson correlation. BAS-D = BAS-Drive, BAS-FS = BAS-Fun Seeking, BAS-RR = BAS-Reward Responsiveness. 
BF10 indicates evidence in favour of the alternative hypothesis, and BF01 indicates evidence in favour of the null hypothesis. 
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4.2. Reward and punishment sensitivity 

We preregistered that reward sensitivity scales would be positively associated with loot box spend and RLI scores and set our prior 
hypotheses accordingly. Due to the mixed evidence for the role of punishment sensitivity in problem gambling, we did not make any 
explicit hypotheses about the relationships between loot box spending, BIS-Anxiety, FFFS-Fear or overall BIS. Again, we preregistered 
that correlations below < 0.15 would be considered negligible. Results for the relationships between loot box spending, non- 
randomised microtransaction spending, and RLI scores with reward sensitivity and punishment sensitivity are available in Table 3 
and Table 4, respectively. 

In Study 1, there was decisive evidence for small positive correlations between loot box spending and BAS-Drive, BAS-Fun Seeking, 
and overall BAS, but a negligible relationship between loot box spending and BAS-Reward Responsiveness. BIS-Anxiety and FFFS-Fear 
had moderate to strong evidence for a null relationship with loot box spending. Patterns of results were similar for RLI, with all BAS 
subscales and overall BAS scores being positively correlated with RLI (with decisive evidence), whilst results for both BIS-Anxiety, 
FFFS-Fear and overall BIS showed evidence in favour of the null. For Study 2, we preregistered that the patterns of results would 
be replicated from Study 1. Overall, results were mixed. For loot box spending, only BAS-Drive remained positively correlated, whilst 
the positive relationships with BAS-FS and overall BAS went below the threshold for negligibility, and FFFS-Fear and overall BIS went 
from evidence for the null, to decisive evidence for a negative correlation. 

For spending on non-randomised microtransactions, we preregistered no hypotheses for either study. For reward sensitivity, BAS- 
Drive and overall BAS in Study 1 (but not Study 2) were positively correlated with non-randomised microtransaction spending, whilst 
all other scales either had evidence in favour of the null, or were below the threshold for negligibility. For punishment sensitivity, there 
was evidence in favour of the null across both studies for BIS-Anxiety and overall BIS, while for FFFS-Fear returned a null relationship 
in Study 1, but decisive evidence for a negative correlation (just below the specified threshold; rs = -0.14) in Study 2. 

Finally, all BAS subscales and overall BAS remained positively correlated with scores on the RLI (with decisive evidence). However, 
for punishment sensitivity, all correlations remained consistently below the threshold, often with evidence in favour of a null 
correlation. 

4.3. Exploratory analyses 

A question that was not preregistered, but which may provide information towards understanding the role of impulsivity in 
microtransaction spending, is if impulsive subfactors are correlated similarly with spending on randomised (i.e., loot boxes) or non- 
randomised microtransactions. Understanding this may identify if impulsive control issues are more of a problem for one type of 
microtransaction, or the relationships between impulsivity and microtransaction spending are of a similar strength irrespective of the 
presence of randomised rewards. To examine this, we performed a formal comparison of correlation coefficients related to loot box and 
non-randomised microtransaction spending on each UPPS-P impulsivity factor, to identify if there was a difference in the strength of 
the relationships between microtransaction spending across these different factors. We followed the procedure outlined by Weaver and 
Wuensch (2013). This analysis was not preregistered and therefore must be treated as exploratory. Results (Table 5) demonstrate that 
there was a significant difference in the strength of the correlations between each UPPS-P factor and loot box spending compared to the 
correlation between the same UPPS-P factors and non-randomised microtransaction spending. Across both studies, positive urgency 
and sensation seeking were more strongly correlated to loot box spending than spending on non-random microtransactions, whilst 
results were mixed for negative urgency, (lack of) premeditation, and (lack of) perseverance. 

5. Discussion 

We investigated the association between spending on loot boxes and both impulsivity and reward sensitivity across two samples, 
one from the United States, and a larger follow up from the United States, Australia, and New Zealand. We had specific interest in 

Table 4 
Relationships and Bayes Factors Between Loot Box Spending, Non-Randomised Microtransaction Spending, Risky Loot Box Index Scores and Scores 
across BIS-Anxiety, FFFS-Fear, and Overall BIS.    

BIS-A FFFS-F Overall BIS 

LB Spend Study 1 rs = 0.06 
BF01 = 8.44 

rs = -0.05 
BF01 = 9.14 

rs = 0.00 
BF01 = 14.57  

Study 2 rs = -0.09 
BF10 = 5.66 

rs = -0.19 
BF10 = 1.20x108 

rs = -0.17 
BF10 = 346666.88 

Non-Rndm Spend Study 1 rs = 0.00 
BF01 = 14.56 

rs = -0.03 
BF01 = 13.09 

rs = -0.02 
BF01 = 13.41  

Study 2 rs = -0.05 
BF01 = 7.60 

rs = -0.14 
BF10 = 2231.97 

rs = -0.11 
BF10 = 52.31 

RLI  Study 1 r = 0.07 
BF01 = 7.17 

r = -0.04 
BF01 = 11.04 

r = 0.02 
BF01 = 13.59  

Study 2 r = -0.02 
BF01 = 19.29 

r = -0.09 
BF10 = 3.41 

r = -0.06 
BF01 = 2.81 

Note. rs = Spearman correlation, r = Pearson correlation. BIS-A = BIS-Anxiety, FFFS-F = Fear. 
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whether impulsive sub-factors (measured by the short UPPS-P) that predict problem gambling behaviours were associated with 
increased spending on loot boxes. There were mixed findings related to predictors of gambling being relevant in a loot box context. 
Specifically, there were no associations found between (lack of) Premeditation and Negative Urgency and loot box spending, although 
there was a consistent, positive relationship with Positive Urgency. Additionally, using the BIS/BAS, we also found that there was an 
inconsistent positive relationship between reward sensitivity and loot box spending, and an inconsistent negative relationship between 
punishment sensitivity and loot box spending. Further, this research provided evidence of the often-replicated (Garea et al., 2021) 
association between loot box spending and problem gambling symptomatology (rs = 0.41 and 0.31 in Study 1 and 2, respectively). 
Finally, we found evidence for a positive relationship between RLI scores and problem gambling symptomatology across both studies 
(r = 0.32 and r = 0.30 for Studies 1 and 2, respectively). 

5.1. Convergence with gambling 

The most novel finding in this research is the existence of a small, positive correlation with Positive Urgency and loot box spending 
across two studies. Positive urgency is the tendency to act impulsively under positive affect and is essentially a form of positive 
reinforcement (Savvidou et al., 2017). Positive Urgency has a demonstrated association with problem gambling, and it is proposed 
gambling activities provide an enhancement of positive moods, meaning individuals higher in this trait have difficulty ignoring 
positive cues when in a positive mood (Blain et al., 2015). An intuitive explanation is that individuals with higher levels of trait positive 
urgency spend more on loot boxes due to the mechanisms underlying their design. Loot boxes share a number of similarities with slot 
machine gambling, including rapid speed of engagement, providing rewards on a variable ratio reinforcement schedule (which 
promotes frequent repetitions of desired behaviours), and containing auditorily and visually gratifying stimuli upon reward delivery. 
All of these factors combined are forms of positive reinforcement (Clark, 2010), and the affective states of gamblers relate to impulsive 
gambling behaviours (Billieux et al., 2010; Michalczuk et al., 2011). Specifically, positive affect may result in reckless betting (i.e., 
betting more than you can afford to lose; Cummins et al., 2009). Further, the lights and sounds associated with rewards can influence 
gambling behaviour, leading to the overestimation of winning and the preference for slot machines that include these sensory cues (cf. 
machines that do not have such cues; Dixon et al., 2014; Spetch et al., 2020). Although it is unknown how different delivery mech-
anisms influence behaviour in a loot box context, Drummond et al. (2020b) found an association between loot box spending and 
positive mood, Kao (2019) found individuals preferred loot boxes that had sounds (cf. loot boxes without sound), and Larche et al. 
(2021) determined that rare rewards won from loot boxes generate both positive arousal and the urge to open further loot boxes. 
Combining previous research with the current findings, it appears plausible that loot boxes promote purchasing through positive 
reinforcement mechanisms, similar to those identified by gambling research. 

Loot boxes do not exist within a vacuum, they operate within the context of a video game, and potential implications of how video 
game engagement may facilitate the relationship between positive urgency and loot box spending requires consideration. Video games 
have been found to produce positive emotions across a range of different studies and games (Granic et al., 2014), and generally 
speaking, the goal of all video games is to generate positive emotions of the players (Johnson & Wiles, 2003). Using objective gameplay 
data, it has been demonstrated that there is a positive relationship between playing video games and affective wellbeing, evidencing 
that positive responses can be obtained from playing video games (Johannes et al., 2021). Therefore, if video games are able to elicit 
positive emotions, this may specifically increase subsequent spending on associated in-game stores for individuals higher in the 
positive urgency trait. However, it must be noted that this increase does not appear unique to loot boxes, as there is also a positive 
relationship between Positive Urgency and non-randomised microtransactions (although the strength of the correlation is slightly 
lower). The ability for video games to generate positive emotions and this subsequently increasing spending is not inherently prob-
lematic to their design. However, it does suggest that the positive affect promoted by games in conjunction with the potential positive 
affect associated with opening loot boxes could plausibly create an environment in which individuals higher in positive urgency may 
be at increased risk of overspending. 

Another important finding is that there was some (albeit inconsistent) evidence for a positive relationship between reward 

Table 5 
Comparison of the Correlation Coefficients Related for Relationships Between Loot Box Spending, Non-Random Microtransaction Spending, and 
UPPS-P Factors.   

Variable Loot Box Non-Random t df p Lower Upper 

Study 1 PU  0.28  0.16  2.916 339  0.004  0.059  0.304  
NU  0.14  0.06  4.768 339  <0.001  0.187  0.450  
SS  0.18  0.12  4.336 339  <0.001  0.153  0.408  
Premed   0.14  0.05  4.852 339  <0.001  0.193  0.458  

Pers  − 0.05  − 0.13  6.966 339  <0.001  0.368  0.653 
Study 2 PU  0.15  0.14  7.664 1139  <0.001  0.203  0.343  

NU  0.04  0.08  10.276 1139  <0.001  0.307  0.452  
SS  0.17  0.06  6.609 1139  <0.001  0.173  0.319  
Premed  − 0.03  − 0.02  11.420 1139  <0.001  0.367  0.519  
Pers  − 0.08  − 0.07  12.570 1139  <0.001  0.421  0.575 

Note. NU = Negative Urgency, PU = Positive Urgency, SS = Sensation Seeking, Premed = Lack of premeditation, Pers = Lack of Perseverance, Loot 
Box = monthly spending on loot boxes, Non-Random = monthly spending on non-randomised microtransactions. 
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sensitivity and loot box spending. In Study 1, BAS-Drive, Fun Seeking and overall BAS were positively correlated with loot box 
spending (above the preregistered r = 0.15 threshold). Although patterns were similar in Study 2, only BAS-Drive retained a corre-
lational strength > 0.15. This finding parallels results reported by O’Connor et al. (2009), who found a small positive association 
between BAS-Drive and gambling frequency and expenditure. An individual who engages with loot boxes is not guaranteed a desirable 
reward with every purchase. Thus, an indeterminate quantity of money is required for any given desirable reward, meaning that for an 
individual higher in BAS-Drive (which reflects the motivation to pursue desirable rewards), increased spending on loot boxes is a likely 
result. Reward sensitive individuals may struggle to cut back or cease problematic behaviours that provide reward. For example, 
greater reward sensitivity has been associated with decreased treatment seeking in a sample of pathological gamblers (Sztainert et al., 
2014), and over-indulgence in alcohol and food consumption (Davis et al. 2007; O’Connor and Colder, 2005). Thus, individuals with 
elevated reward sensitivity may be at increased risk of overspending on loot boxes (cf. individuals without elevated reward sensitivity). 
Essentially, this finding supplements our positive urgency findings, as reward sensitivity is similarly related to an over-active affective 
system (Navas et al., 2017), and the desire for positive reinforcement (O’Connor et al., 2009), which loot boxes can provide. 

This is the first study to examine the quantitative relationship between sensation seeking and loot box engagement, finding evi-
dence for small positive correlations with both loot box spending and RLI scores. These findings align with Spicer et al.’s (2022a,b) 
findings that sensation seeking was the factor most commonly self-reported by participants when describing their migration from loot 
boxes to real gambling activities, and vice versa. Dowling et al.’s (2017) meta-analysis of longitudinal research determined that 
sensation seeking has a small association with subsequent problem gambling. However, there is still some debate regarding of the 
nature of the relationship between sensation seeking and gambling behaviours (Levy et al., 2020). Specifically, sensation seeking 
reflects the tendency to seek out novel or exciting experiences. Thus, it may not be a predictor of severity of problem gambling, but of 
the frequency of engaging in gambling activities (i.e., how often someone gambles, not how harmful that gambling is; Blain et al., 2015; 
Smith et al., 2007). Further, sensation seeking is believed to drive the frequency of engagement of behaviours that are risky and 
exciting (Billieux et al., 2012), which may explain why this factor was only positively correlated (above the preregistered threshold) 
with loot boxes, and not non-randomised microtransactions. Loot boxes carry a degree of risk and excitement with each purchase, 
something non-random purchases lack. If the frequency of engagement is the underlying mechanism behind the relationship between 
sensation seeking and gambling frequency, it is a plausible explanation for the observed positive association with loot box spending. 

Risky Loot Box Index (RLI) scores were positively correlated with sensation seeking and positive urgency across both studies, and 
these correlations were larger in magnitude than those for loot box spending. Additionally, unlike for loot box spending, negative 
urgency was positively associated with RLI scores. The RLI is based on measurements of, and shares a high degree of association with, 
gambling related cognitions (Brooks & Clark, 2019). Gambling cognitions are a known predictor of problem gambling behaviour (Del 
Prete et al., 2017), and RLI scores were consistently correlated with PGSI scores across both studies (r = 0.32 and r = 0.30 in Studies 1 
and 2, respectively). These findings parallel previous research that determined the strongest correlations of gambling cognitions are 
positive urgency, negative urgency (e.g., Michalczuk et al., 2011) and sensation seeking (Del Prete et al., 2017). Individuals with high 
urgency act without forethought in emotional contexts (Billieux et al., 2010), suggesting an inhibition to executive functioning (Del 
Prete et al., 2017). Although it is unclear if these cognitions occur during loot box purchasing, in gambling, erroneous cognitions may 
be activated when an individual is in a positive or negative affective state, allowing the maintenance of these affective states (Del Prete 
et al., 2017). Ultimately, this could result in maladaptive decision-making regarding loot boxes for individuals when in emotional 
contexts, regardless of whether this emotion is positive or negative, although only positive emotions appear to lead to increased loot 
box spending. 

5.2. Divergence from previous research 

5.2.1. Differences from previous gambling research 
Despite the identified similarities between gambling and loot box engagement, equally as important are the differences between the 

impulsive profiles of these two activities. The clearest differences are that negative urgency and lack of premeditation - which predict 
problem gambling – did not correlate with loot box spending in either study (although lack of premeditation was just below our 
preregistered cut off in Study 1, the Bayes Factor for this correlation was borderline anecdotal). Contrasting the positive reinforcement 
underlying positive urgency, negative urgency reflects a negative reinforcement process (Savvidou et al., 2017), where engagement in 
an activity is motivated to remove negative affect. This process has been demonstrated in both video gaming and gambling contexts 
(Hagström & Kaldo, 2014; Puiras et al., 2020; Reid et al., 2011), but results of this research indicate this process does not appear to be 
relevant in a loot box context. Interestingly, our results for the opposite system (punishment sensitivity), add some support to this 
conclusion. Although Study 1 found no evidence for a correlation between FFFS-Fear, overall BIS, and loot box spending, Study 2 found 
decisive evidence that FFFS-Fear and overall BIS were negatively correlated with loot box spending. The reason for these differences in 
findings between Study 1 and 2 is unclear. However, a number of factors might contribute to these outcomes, including Study 2′s 
higher quality data and better power to detect statistical relationships. Of course, a variety of other factors may also contribute. Rather 
than speculating on possible mechanisms, we suggest efforts at replication are required to better understand this anomalous pattern of 
results. However, irrespective of the inconsistency, these findings are important as they demonstrate that there was no positive rela-
tionship between loot box spending and punishment sensitivity, which support the pattern of results related to positive correlation 
with positive urgency. As mentioned, loot boxes are often considered most similar to slot machine gambling. However, while both 
negative urgency (Aragay et al., 2018; Blain et al., 2015), and sensitivity to punishment (Balodis et al., 2014) have associations with 
problematic engagement with slot machine gambling, they did not bear the same relationships with loot box engagement. One pro-
posed mechanism underlying these relationships is that slot machines allow for fast-paced and passive engagement, requiring little 
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planning, meaning a constant distraction from negative mood states, including anxiety and stress (Bonnaire et al., 2006), essentially, a 
form of escapist motivation. Perhaps, loot boxes do not fulfil this role as the video game itself removes negative mood, suggesting that 
spending on loot boxes does not generally operate through negative reinforcement. 

Lack of premeditation is believed to be representative of an individual with poor executive control, such as the ability to consider 
the consequences of one’s own actions (Berg et al., 2015), including possible negative financial outcomes in gambling activities. In-
dividuals high in this trait ignore the positives and negatives of a situation (Savvidou et al., 2017). Despite being correlated with 
problem gambling in slot machine gamblers (Aragay et al., 2018; Haw, 2017), in a loot box context, the lack of relationship between 
this trait and loot box spending indicates that spending on these mechanisms may not be a function of an absence of careful thinking, 
and perhaps individuals understand - and think about - the consequences of these purchases. Overall, this further outlines the value of 
emotional contexts underlying loot box purchasing, and an important difference between the impulsive factors important for pre-
dicting problem gambling and loot box spending. 

5.2.2. Differences from previous loot box research 
We aimed to advance the understanding gained from previous loot box research by using a scale that both conceptualised and 

measured the multidimensional nature of impulsivity, allowing identification of specific facets of impulsivity relevant to spending on 
these mechanisms. Our results differ from the previous impulsivity research of Spicer et al. (2022), Wardle and Zendle (2021), Xiao 
et al. (2021), and Zendle et al. (2019), where all four studies found minimal or negligible relationships between impulsivity and loot 
box spending. These studies all brought into question the relevance of this factor in loot box engagement; however, our findings may 
help tease apart how impulsivity operates in a loot box purchasing context. The difference in findings in our study may be due to the 
broader measure of impulsivity utilised, which measured emotional related impulsivity (i.e., urgency), an aspect that the other scales 
did not. Spicer et al. (2022) and Xiao et al. (2021) used the short (8-item) and unidimensional, BIS-Brief (Steinberg et al., 2013), while, 
Wardle and Zendle (2021) and Zendle et al. (2019) used a subset of questions from the original Eysenck Impulsiveness Questionnaire 
(Eysenck et al., 1984). All four previous studies of impulsivity and loot box spending scales generally focus on an equivalent factor 
found in the UPPS-P: (lack of) premeditation (the tendency to act without thinking), which includes items such as: “I usually think 
carefully before doing anything”. For example, “I do things without thinking” (Xiao et al./Spicer et al.), “Do you generally do and say 
things without stopping to think?” (Zendle et al.), “I often get into trouble because I do things without thinking” (Wardle and Zendle.). 
Importantly, our two studies replicate these findings by providing no evidence for a positive correlation between (lack of) premedi-
tation and spending on loot boxes, with Study 1 finding moderate evidence for a correlation just below our preregistered cut-off for 
practical relevance (rs = 0.15), and Study 2 having strong evidence (BF01 = 18.41) for the existence of a null relationship. Overall, this 
outlines the value behind employing multifactorial measurements of complex constructs such as impulsivity. 

5.3. Non-randomised microtransactions 

An important consideration of this research is if the relationships between impulsivity, reward/punishment sensitivity and loot box 
spending also holds for non-randomised microtransactions. Generally, we found evidence for similar relationships identified for loot 
boxes between many key measures and non-randomised microtransaction spending, including positive urgency, PGSI, and RLI (across 
both studies), and BAS-Drive and overall BAS (Study 1 only), although it must be noted these correlations were consistently of a lower 
magnitude (cf. loot boxes). Overall, this demonstrates that the processes that may underlie loot box engagement might extend to the 
purchasing of other microtransactions, regardless of randomised reward delivery. Thus far, the findings of a positive relationship 
between PGSI and non-randomised spending are mixed, with some research finding this relationship is of a trivial magnitude (e.g., 
Zendle et al., 2018) or small magnitude (Drummond et al., 2020b; Zendle et al., 2019). Thus, although the finding in the current 
research is not novel, we are able to add some nuance to this literature. Drummond et al. (2020b) proposed that this relationship may 
reflect a general impulse control issue which results in increased spending on all forms of microtransactions, and our results are 
consistent with this conclusion. Potentially, if individuals have a general approach motivation (denoted by elevated positive urgency 
and/or BAS), then it is not specifically loot boxes that they are drawn to purchasing, but all forms of microtransactions (compared to 
individuals without elevated levels of these traits). Our exploratory analyses (Table 5) help tease this apart, demonstrating that positive 
urgency and sensation seeking were significantly more strongly correlated with loot box spending compared to non-randomised 
microtransaction spending across both studies, whilst there was mixed evidence between studies for (lack of) perseverance, (lack 
of) premeditation and negative urgency. This suggests that some forms of impulse control (e.g., positive urgency and sensation 
seeking) are specifically relevant for understanding loot box spending. However, these findings must be treated with extreme caution, 
as they were not preregistered, and therefore require replication. 

5.4. Limitations and future research 

First, we must note the obvious limitations of cross sectional, correlational research, in that we are unable to make causal inferences 
regarding any of the identified relationships. 

Additionally, given the paucity of research regarding impulsivity in a loot box context, the multifaceted measure of trait impulsivity 
we employed was an appropriate, if limited, starting point to identify potential associations between impulsivity and loot box 
spending. This scale allowed for the identification of specific relationships that could form the basis of future research. For example, 
other forms of impulsivity with links to problem gambling (i.e., impulsive choice and/or action, see Mestre-Bach et al., 2020) may 
prove fruitful for examination in the loot box context. Importantly, there were a number of relationships that did not replicate between 
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studies (e.g., the relationships between loot box spending and BAS-Fun Seeking, overall BAS, FFFS-Fear and overall BIS). Thus, findings 
for these factors must be interpreted with some caution, and require further research to establish their reliability. Conversely, some 
relationships with loot box spending were consistent across samples (e.g., the relationships between loot box spending and positive 
urgency, sensation seeking, and BAS-Drive). These represent potentially important avenues for future research focussed on identifying 
individuals who are more likely to purchase loot boxes. Despite these replications providing greater confidence in our conclusions, 
these findings still differ from other loot box research investigating the role of impulsivity, and it is likely that comprehensive, 
multifactorial measurements of impulsivity are required to fully tease apart specific impulsive pathways to loot box engagement, 
whilst unidimensional measurements may be inadequate. Further research that can separate the positive emotions generated by loot 
boxes from the positive emotions related to the associated overall video game will be extremely beneficial to understanding how these 
mechanisms operate. This will ultimately identify whether individuals higher in this trait are uniquely drawn to these micro-
transactions, or if video game experiences can promote increased spending, or a combination of both. 

6. Conclusion 

Overall, our results suggest there is a general approach motivation for gamers to purchase loot boxes demonstrated by positive 
correlations with positive urgency and BAS-Drive. Conversely, despite the structural and psychological similarities between loot boxes 
and conventional gambling activities, and the established relationships between loot box spending and PGSI, some impulsive factors 
that are commonly related to problematic gambling (i.e., negative urgency, lack of premeditation) were not found to be positively 
correlated with loot box spending, nor were BIS-Anxiety or FFFS-Fear. This highlights that achieving or maintaining a positive 
emotional state may be important in understanding loot box engagement. In contrast, we found no evidence for a role of avoidance 
motivation (i.e., removing negative emotional states). Given the demonstrated capacity for gaming to increase positive affect, and the 
association between positive urgency and loot box spending, individuals higher in trait positive urgency may be at increased risk of 
over-spending on gambling-like in-game monetisation mechanisms. 
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