
Executive Summary 
 
This paper examines how contemporary games, live-service platforms, and mobile apps convert 
gambling’s powerful variable‑ratio (VR) reinforcement into a felt “mastery” journey. Designers fuse 
unpredictable, high‑salience rewards (loot boxes, gacha pulls, randomized upgrades) with visible signals 
of effort and skill (XP bars, ranks, battle passes, mastery tracks). Skill‑coded gates (wins, streaks, rank 
thresholds) often condition access to random draws, while UI framing (“forge,” “upgrade,” “craft”), 
ritualized reveal animations, haptics, and near‑miss cues make probabilistic successes feel earned. The 
result is a single perceived mastery continuum in which deterministic, fixed‑track progress coexists with a 
stochastic core optimized for persistence and monetization. 
 
Convergent evidence from behavioral science, neuroscience, and industry data clarifies why these 
architectures are potent and risky. VR schedules produce high, persistent responding (operant 
conditioning literature), anticipation and reward‑prediction errors amplify dopaminergic responses 
(Schultz, 1998), and near‑miss and illusion‑of‑control cues increase arousal and “one‑more‑try” behavior 
(Clark et al., 2009). Self‑Determination Theory explains how intermittent wins inflate perceived 
competence while dry streaks threaten it, prompting compensatory play or spending (Ryan & Deci, 2000). 
Empirical surveys and meta‑analyses document consistent small‑to‑moderate associations between 
loot‑box spending and problem‑gambling symptomatology across adults and adolescents (e.g., Zendle & 
Cairns, 2018; Drummond et al., 2020; Spicer et al., 2022). A 2019 UK prevalence review found loot boxes 
in roughly 71% of top‑grossing titles (Author, 2019). 
 
Regulatory responses are increasing but fragmented: Belgium’s enforcement, China’s mandatory odds 
disclosures, and platform rules (Apple/Google) coexist with widespread hybrid mechanics (pity timers, 
battle passes) that reduce visible frustration without restoring true skill–outcome contingency. Strategic 
trade‑offs are clear: VR‑heavy monetization can boost short‑term ARPU but risks trust, retention quality, 
and regulatory exposure. 
 
We call for “competence‑safe” design: separate deterministic power progression from paid randomness; 
require inline odds, expected value, and visible pity counters at decision points; reduce near‑miss and 
ritualized reveals; deploy default minor protections and spend controls; enable third‑party audits of RNG 
and adaptive personalization; and prioritize longitudinal, telemetry‑linked research on cosmetic vs. power 
randomization and AI‑personalized reinforcement. Such measures preserve curiosity and play while 
reducing compulsion and harm. 
 
Introduction 
 
After a tense ranked streak, a player unlocks a “Mastery Chest.” An ornate animation unfolds; the 
controller hums; a rare glow teases the outcome—then a coveted drop appears. The game congratulates: 
“Forged through dedication.” Nothing about the moment resembles a slot machine. Yet the decisive 
reward was delivered by a variable‑ratio schedule—that is, an unpredictable payout following an uncertain 
number of attempts—wrapped in the language, visuals, and rituals of skill and progression. That 
juxtaposition—chance concealed within mastery narratives—is the central problem this paper addresses. 
 
Why this problem matters now 
Over the past decade live‑service economics, frictionless microtransactions, and mobile distribution have 
made randomized reward systems (loot boxes, gacha, randomized upgrades) ubiquitous across genres 
and platforms. Surveys and industry audits indicate these mechanics appear in the majority of 
top‑grossing titles (UK Games Survey, 2019; Rockloff et al., 2020). Concurrently, a growing body of 



empirical work links spending on randomized in‑game rewards with elevated problem‑gambling symptoms 
across adolescents and adults (Zendle & Cairns, 2018; Drummond et al., 2020; Spicer et al., 2022). 
Regulators and platform owners have responded unevenly—China and app stores require probability 
disclosures, Belgium has pursued bans, and many studios have adopted piecemeal mitigations—leaving 
a fragmented policy landscape and considerable compliance risk for designers and publishers (Wardle & 
Zendle, 2021; Industry Policy Reviews). 
 
At the same time, converging insights from behavioral neuroscience and motivational psychology explain 
why such designs are so potent. Dopaminergic reward‑prediction errors magnify the subjective value of 
unpredictable outcomes and the anticipatory rituals that precede them (Schultz, 1998). Cognitive 
phenomena—near‑miss effects and illusions of control—heighten arousal and sustain “one more try” 
behavior even when probabilities are unchanged (Clark et al., 2009; Langer, 1975). Self‑Determination 
Theory (SDT) clarifies the motivational stakes: games satisfy a core psychological need for competence 
through clear skill‑contingent feedback; when chance outcomes are framed as earned, perceived 
competence can be inflated and motivation shifted toward controlled, compulsion‑prone patterns (Ryan & 
Deci, 2000). These mechanisms explain how designers can fuse predictable progress signals (XP bars, 
ranks, battle passes) with stochastic payout cores to create a single felt “mastery continuum.” 
 
Key definitions and scope (brief) 
- Variable‑ratio (VR) reinforcement: rewards delivered after an unpredictable number of actions; high 
persistence and resistance to extinction. 
- Mastery framing: UI language, rituals, and structural gates that present outcomes as the product of effort 
or skill (e.g., “forge,” “mastery chest,” rank gates). 
- Gamblification (as used here): the integration of gambling‑like uncertainty and reinforcement into games 
and apps in ways that reframe probabilistic outcomes as earned progression. 
This paper focuses on mechanisms that recode VR reinforcement as mastery, the motivational and 
neurocognitive pathways that sustain engagement, empirical associations with gambling‑adjacent harms, 
and practical mitigations relevant to designers, platforms, clinicians, and policymakers. 
 
Research questions 
Guided by the problem statement above, the study asks: 
1) Which design mechanisms disguise variable‑ratio reinforcement as mastery? 
2) How do fixed, variable, and hybrid reinforcement schedules affect competence motivation and 
behavior? 
3) What neurocognitive and behavioral evidence explains persistent engagement and chasing? 
4) How do major titles operationalize and frame these systems in practice? 
5) What design, business, and policy strategies can mitigate harms while preserving legitimate 
engagement? 
 
Working hypotheses 
- Layered progression and mastery framing fuse skill and chance into a single perceived continuum, 
prompting misattribution of luck to skill. 
- Near‑miss cues, ritualized reveals, and mastery language amplify reward anticipation and persistence 
beyond what probabilities predict. 
- Partial or opaque odds disclosures sustain “being‑due” beliefs; visible pity mechanics and deterministic 
alternatives reduce frustration but do not fully restore skill‑contingent expectancy. 
- AI‑personalized reinforcement (adaptive schedules tuned to individual telemetry) will magnify these 
dynamics unless constrained by transparency and auditability. 
 



Roadmap of the paper 
Section 2 situates the study’s conceptual foundations: definitions, reinforcement schedules, SDT, and key 
debates about gamification versus gamblification. Section 3 synthesizes core findings from behavioral 
science, neuroscience, and industry evidence—illustrating how design tactics, motivational dynamics, and 
implementation patterns interlock. Section 4 translates those findings into case studies and practical 
applications for product teams, platform operators, clinicians, and regulators. Section 5 concludes with an 
actionable research agenda (longitudinal telemetry, disclosure formats, AI personalization audits) and a 
set of competence‑safe design recommendations that aim to preserve playfulness and engagement 
without exploiting uncertainty. 
 
[INSERT CHART: Intro Schematic – Mastery Continuum Overlaying Variable‑Ratio Core] 
Caption: Visualization of how fixed, visible progression (XP, ranks, battle passes) is overlaid on an 
unpredictable reward core, producing a unified perception of earned mastery. 
 
By framing variable rewards as accomplishments, contemporary products reap engagement and 
monetization benefits but risk degrading autonomy, fairness, and long‑term trust—especially for young or 
vulnerable users. The sections that follow unpack these dynamics and propose evidence‑based pathways 
toward competence‑safe design and policy. 
 
Background & Context 
 
This section establishes the conceptual, theoretical, and historical foundations for the paper’s 
examination of how variable-ratio reward mechanisms are recoded as mastery experiences in games and 
related apps. It defines core terms, summarizes the relevant behavioral, cognitive, and motivational 
theories, traces the historical trajectory that normalized randomized rewards in modern live services, and 
reviews prior empirical findings and debates that motivate the present study. The section concludes by 
identifying the principal knowledge gaps this paper aims to address. 
 
1. Core concepts and theoretical foundations 
 
1.1 Reinforcement schedules and behavioral consequences 
Operant conditioning distinguishes reinforcement schedules by the contingency between actions and 
outcomes. Three schedules are central to modern digital-reward design: 
 
- Fixed-ratio (FR): A reward is delivered after a fixed number of responses (e.g., every 10 matches yields 
a 100 XP bonus). FR schedules are predictable, support planning, and generate high response rates with 
characteristic post-reinforcement pauses (Skinner, 1953). 
 
- Variable-ratio (VR): A reward follows an unpredictable number of responses (e.g., rare loot drops, gacha 
pulls). VR schedules generate high, persistent responding and strong resistance to extinction—the same 
schedule that underlies slot-machine persistence (Author, Year). 
 
- Variable-interval (VI): Rewards are available after variable time intervals (e.g., time-gated daily rewards). 
VI schedules encourage steady, lower-intensity responding relative to VR. 
 
Why this matters: VR schedules are uniquely effective at engendering “one more try” behavior, especially 
when combined with high-salience sensory feedback and meaningful in-game signals of progress. When 
VR mechanisms are embedded inside visible, deterministic progress indicators (XP bars, ranks, battle 



passes), players can conflate effort with outcome probability—transforming stochastic reward into a felt 
mastery progression (Rockloff et al., 2020). 
 
[INSERT CHART: Reinforcement Schedules — FR vs. VR vs. VI]   
Caption: Typical response patterns and persistence across reinforcement schedules; VR produces the 
highest persistence. 
 
1.2 Gamification versus gamblification 
- Gamification: The use of game elements (goals, feedback, points) in non-game contexts to increase 
engagement and learning (Author, Year). 
- Gamblification: The incorporation of gambling-like uncertainty and high-arousal, variable-ratio 
reinforcement into games and apps for monetization and persistence. In this paper, “gamblification” 
specifically denotes the design pattern that frames chance-based outcomes as earned progression. 
 
1.3 Self-Determination Theory and competence dynamics 
Self-Determination Theory (SDT) distinguishes three basic psychological needs—competence, autonomy, 
and relatedness—where satisfaction predicts intrinsic motivation and well-being (Ryan & Deci, 2000). 
Games typically support competence through predictable contingency: skillful play produces reliable 
improvement and feedback. However, when stochastic rewards are framed as mastery outcomes, they 
can inflate perceived competence without actual skill–outcome contingency. This “perceived competence 
inflation” produces a brittle sense of efficacy—intermittent big wins masquerade as evidence of skill, while 
prolonged dry spells threaten that façade and drive compensatory behaviors (e.g., extra play, purchases). 
 
1.4 Reward prediction error (RPE), anticipation, and physiological arousal 
Neuroscientific models show that dopaminergic signaling encodes reward prediction error—the difference 
between expected and obtained outcomes—and that uncertainty and unexpected rewards amplify RPEs 
(Schultz, 1998). Anticipation phases (build-up animations, haptics, triumphant audio) magnify 
physiological arousal and the subjective salience of outcomes, making unpredictable rewards 
disproportionately “sticky” in motivating continued engagement. 
 
1.5 Illusions of control and near-miss effects 
Psychological research documents two related biases relevant to gamblified design: 
 
- Illusion of control: Individuals overestimate their influence over random events—especially when they 
can choose timing, options, or perform ritualized actions (Langer, 1975). 
 
- Near-miss effects: Outcomes resembling wins (e.g., “almost” coins, progress meters stopping just short) 
produce increased arousal and persistence despite objectively being losses (Clark et al., 2009). 
 
Design elements that enable perceived agency (choice of chest, timing of a pull, ritualized rituals) or 
mimic near-misses can therefore intensify chasing behavior even when odds are unchanged. 
 
1.6 Operational terms used in this paper 
- Loot boxes / gacha: Paid or earned containers that yield randomized items across rarity tiers.   
- Battle pass: A seasonal, largely deterministic progression spine with tiered rewards; often interleaved 
with occasional RNG nodes.   
- Pity timer: A design that increases guarantee odds after repeated failures (e.g., guaranteed 5-star after 
N pulls).   



- Skill gates / two-stage loops: Mechanisms requiring performance (wins, ranks, streaks) to access a 
subsequent randomized draw.   
- Power vs. cosmetic rewards: Power affects gameplay performance; cosmetics affect appearance/status. 
Both can be framed as mastery.   
- Tradability / cash-out: Secondary-market value or official convertibility of items into real-world 
value—important for legal definitions of gambling.   
- Expected value (EV) and disclosure formats: Statistical summaries or in-context displays that 
communicate average returns and odds to support informed choice. 
 
2. Historical trajectory and policy milestones 
 
2.1 From arcades to live-service economies 
The monetization and motivational dynamics of contemporary digital products evolved in several stages: 
 
- Arcades (1970s–1990s): Games monetized attempts and tuned difficulty to encourage repeat plays; 
immediate feedback established the link between effort and reward. 
 
- Early MMOs (late 1990s–2000s): Randomized loot tables and rarity tiers became normative. 
Cooperative raids and skillful coordination were paired with RNG drops, embedding chance within 
socialized mastery contexts. 
 
- Mobile and free-to-play (2009–2014): Microtransactions and frictionless payments scaled; Japan’s 
mobile market popularized gacha mechanics (and prompted early regulatory attention, e.g., restrictions 
on “complete gacha” models in some jurisdictions). 
 
- Loot-box expansion (2010s): Console and PC titles adopted packs/crates (e.g., Overwatch, CS:GO, 
FIFA Ultimate Team). Streaming and social sharing amplified the salience of rare wins, normalizing 
ritualized openings and public displays of loot. 
 
- Hybridization and battle passes (2018–present): Seasonal battle passes established predictable 
progression spines while many titles retained or introduced stochastic nodes (rate-ups, event banners, 
pity mechanisms), producing durable hybrid architectures that preserve VR potency while reducing churn. 
 
2.2 Regulatory and platform responses 
Responses across jurisdictions and platforms have been varied and evolving: 
 
- China required odds disclosure for loot boxes and introduced other content rules affecting gacha 
systems (China Odds Disclosure Policy, Year). 
 
- Belgium moved to ban certain paid loot-box implementations (Belgian Enforcement, Year). 
 
- Platform policies (e.g., Apple, Google) introduced requirements for odds disclosures in storefront listings 
(Apple/Google Policy, Year). 
 
- Industry reactions range from adding odds pages and country-specific adjustments to structural changes 
(e.g., shifting to battle pass models or removing paid loot boxes in certain titles). The regulatory 
landscape remains fragmented and in flux. 
 
[INSERT CHART: Global Regulatory Landscape — Loot Boxes & Platform Policies]   



Caption: Jurisdictional approaches range from bans to mandatory disclosure; platforms increasingly 
require in-app odds visibility. 
 
3. Prior empirical findings and central debates 
 
3.1 Converging evidence: prevalence and associations with harm 
- Prevalence: Large-market analyses indicate that randomized-reward systems are entrenched in 
top-grossing titles. A 2019 UK study reported that approximately 71% of top-grossing games contained 
loot boxes or similar mechanics (UK Research, 2019). 
 
- Associations with harm: Multiple surveys and meta-analyses report small-to-moderate positive 
correlations between loot-box spending and problem gambling symptomatology across adults and 
adolescents (Zendle & Cairns, 2018, 2019; Drummond et al., 2020; Wardle & Zendle, 2021; Spicer et al., 
2022). These convergent findings indicate that randomized monetization is a non-trivial risk 
factor—especially for youth and high spenders—even if causal direction remains debated. 
 
3.2 Mechanistic insights 
- Near-miss and anticipation: Near-miss events increase physiological arousal and sustained engagement 
in gambling analogs (Clark et al., 2009). Game UIs frequently emulate slot-machine feedback via 
animations, haptics, and celebratory audio, leveraging anticipation to amplify RPE-driven motivation 
(Schultz, 1998). 
 
- Framing and masking: UI copy (“forge,” “mastery,” “upgrade”), skill gates (ranks, streak thresholds), and 
layered progression cues fuse deterministic visible progress with probabilistic payouts, recoding luck as 
earned progress (Rockloff et al., 2020). 
 
- Choice architecture and ritual: When players choose between chests, time their pulls, or enact rituals, 
they often experience a sense of agency that fosters illusions of control despite fixed odds (Langer, 1975). 
 
3.3 Disclosure, comprehension, and policy efficacy 
- Odds disclosure: Jurisdictions and platforms have begun requiring probability disclosures. However, 
static, off-flow “odds pages” frequently fail to reach comprehension at the point-of-decision. Research and 
industry experimentation indicate that inline indicators—visible pity counters and expected-value 
estimates adjacent to pull actions—improve comprehension and perceived fairness (HCI/UX studies, 
Year). 
 
- Hybrid mitigations: Pity systems reduce acute frustration and churn by guaranteeing rewards after 
repeated failures, but they do not restore true skill–outcome contingency. Instead, pity timers can create a 
quasi-deterministic expectation that maintains chasing behavior if poorly disclosed. 
 
3.4 Debates and open questions 
- Causality vs. selection: Much of the literature is cross-sectional; therefore causality remains unresolved. 
Do VR monetization systems cause gambling-like harm, or do individuals with pre-existing gambling 
vulnerabilities gravitate to these systems? Longitudinal telemetry-linked studies are required to 
disentangle directionality. 
 
- Cosmetic vs. power: Cosmetic-only randomness reduces competitive advantage but can still hijack 
competence needs if wrapped in mastery rhetoric. The relative harm profiles of cosmetic versus 
power-based RNG remain uncertain. 



 
- Transparency efficacy: Does clear in-context disclosure materially change behavior? HCI evidence 
suggests format and placement matter, but behavior-change is uneven and mediated by sunk-cost and 
FOMO effects. 
 
- Pity and hybrid designs: Are pity systems net protective (by reducing frustration) or deceptive (by 
creating chasing illusions)? The answer likely depends on visibility and availability of deterministic 
alternatives. 
 
- Tradability and cash-out: The presence of secondary markets or real-world value meaningfully shifts 
regulatory and harm considerations, but definitions of gambling across jurisdictions vary. 
 
- Ecological validity: Laboratory analogues of near-miss and VR effects are informative but may not 
capture the complex social, temporal, and commercial ecology of live-service products. 
 
[INSERT CHART: Disclosure Format vs. Player Comprehension]   
Caption: Inline EV and pity displays outperform static odds pages in user comprehension metrics in field 
experiments (where tested). 
 
4. Cross-disciplinary perspectives that inform interpretation 
 
- Behavioral economics: Sunk-cost effects, loss aversion, and “due” beliefs sustain continued attempts 
after losses; house-money effects after wins can relax spending restraint. 
 
- Neurocognition: RPE models explain why surprise and uncertainty generate powerful motivational 
signals. 
 
- HCI / UX: Presentation format, timing, and language shape mental models at the decision point; small UI 
affordances (placement of odds, pity counters) materially influence comprehension and choice. 
 
- Clinical practice: Overlap between loot-box spending and gambling problems suggests screening 
opportunities and targeted psychoeducation—especially for adolescents. 
 
- Law & policy: Fragmented regulatory landscapes require design strategies that anticipate the strictest 
likely regimes (disclosures, age protections, auditability) to reduce legal and reputational risk. 
 
5. Knowledge gaps and how this paper responds 
 
The preceding synthesis highlights several critical gaps motivating the present research: 
 
- Causal inference: There is a need for longitudinal, telemetry-linked studies that can isolate causal 
pathways from exposure to outcomes (spending, problem gambling symptom trajectories, well-being). 
 
- Implementation-level comparisons: Comparative evidence is limited on harm differentials across 
mechanic types (cosmetic vs. power), disclosure visibility (inline vs. static), pity visibility (visible vs. 
hidden), and tradability (tradable vs. non-tradable). 
 
- Cross-cultural variability: Perceptions and regulatory effectiveness likely vary by cultural and legal 
contexts; comparative research is sparse. 



 
- AI-personalized reinforcement: As machine learning personalizes reward timing, pity thresholds, and 
event cadence to individual players, the risks and fairness implications are currently under-studied. 
 
- Measurement: Valid, operational indicators that distinguish genuine competence growth from “inflated 
competence” induced by stochastic wins are required for both research and practice. 
 
This paper addresses these gaps by (a) articulating the precise mechanisms (e.g., two-stage skill-gate → 
RNG loops; mastery-coded UI) that recode chance as mastery; (b) integrating SDT with reward-learning 
models to explain why competence is co-opted; (c) reviewing implementation patterns across major titles; 
and (d) proposing competence-safe design and policy guardrails (e.g., inline EV, deterministic 
progression paths, auditability) that operationalize consumer protection without foreclosing legitimate 
game design. 
 
6. Summary and linkage to subsequent sections 
 
The background and context established here show that variable-ratio rewards—combined with framing, 
ritualized feedback, and layered progression—can convincingly be experienced as mastery. Behavioral 
science (operant conditioning), neuroscience (RPE and anticipation), cognitive biases (illusion of control, 
near-miss), and motivational theory (SDT) together explain why these architectures are powerful and 
potentially harmful. Prior empirical work demonstrates prevalence and consistent correlations with 
gambling-related harms but leaves causal, implementation-level, and cross-cultural questions open. 
 
The next section (Key Research & Findings) will synthesize empirical evidence in depth—mapping design 
mechanisms to observed behavioral and neurocognitive signatures, presenting case analyses of major 
titles, and quantifying the associations between randomized-reward spending and gambling-related 
symptomatology. Subsequent sections will translate those findings into applied guidance for designers, 
platforms, clinicians, and policymakers. 
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Key Research & Findings 
 
This section synthesizes the empirical, theoretical, and implementation-level evidence on how 
contemporary games and apps recode variable-ratio (VR) reinforcement as a felt mastery journey. 
Findings are organized into design mechanisms, motivation dynamics, neurocognitive underpinnings, 
behavioral harms, implementation patterns, and regulatory responses. Each finding summarizes the 
evidence, notes counterarguments or uncertainties, and highlights implications for designers, 
researchers, and policymakers. 
 
Category 1 — Design Mechanisms That Recast Chance as Mastery 
 
Finding 1: Layered progression masks stochastic cores 
- Summary: Designers interleave predictable, fixed-track progress (XP bars, ranks, battle passes) with 
probabilistic, high-salience rewards (loot boxes, gacha pulls, randomized upgrades). The juxtaposition 
produces a single perceived mastery continuum in which salient wins appear to confirm skill and effort 
even though the outcome distribution remains stochastic. 
- Evidence: VR schedules are well-documented to produce high, persistent response rates (operant 
conditioning literature) and are widely embedded within progression systems: a 2019 survey found the 
majority of top-grossing titles included loot boxes or similar mechanics (UK Survey, 2019) (Rockloff et al., 
2020). 
- Alternative perspectives: Chance can legitimately enhance gameplay (e.g., roguelikes, collectible card 
games) when it is signposted, non-monetized, and clearly part of challenge design. 
- Implication: For power progression, prefer deterministic or earnable routes; restrict paid randomness to 
clearly labeled, optional cosmetic domains or accompany RNG with deterministic alternatives. 
 
[INSERT CHART: Layered Progression Overlaid on Variable-Ratio Rewards] 
Caption: Fixed XP/battle-pass tracks advance predictably while rare, salient payouts remain probabilistic, 
fusing chance with a mastery journey. 
 
Finding 2: Framing, UI language, and skill gates create an “earned” narrative 
- Summary: Copy (e.g., “forge,” “upgrade,” “mastery rewards”), rank/streak gates that unlock pulls, and 
reveal framing create a perceived causal bridge between effort and subsequently accessible random 
outcomes. 
- Evidence: Case analyses across live-service shooters, sports titles, and gacha RPGs document 
skill-gated access to random draws and mastery-coded presentation at reward moments (industry case 
studies; Rockloff et al., 2020). The design of two-stage loops (perform → unlock → chance) fosters 
misattribution of luck to competence. 
- Alternative perspectives: Experienced players may accept and understand RNG as entertainment, 
particularly when drops are cosmetic and odds are visible. 
- Implication: Distinguish skill-contingent from chance-contingent outcomes in UI text and affordances; 
place odds and pity-state indicators adjacent to the action so players can form accurate mental models at 
the decision point. 
 
Finding 3: Ritualized openings, choice architectures, and near-miss cues intensify persistence 



- Summary: Animations, haptics, celebratory audio, “pick-a-box” choices, and near-miss–style feedback 
amplify arousal and “one more try” urges despite unchanged probabilities. 
- Evidence: Near-miss outcomes increase physiological arousal and persistence in gambling analogs 
(Clark et al., 2009). Game UIs frequently replicate slot-like rituals that heighten anticipation (Rockloff et 
al., 2020). 
- Alternative perspectives: Some titles provide opt-outs (fast reveal) or limit theatrics for paid drops; 
cosmetic-only RNG reduces competitive harms but not necessarily the compulsion to chase. 
- Implication: Limit near-miss mimicry and ritualized reveals for monetized RNG; avoid UI choices that 
create illusory control when probabilities are identical. 
 
[INSERT CHART: Impact of Near-Miss Cues on Continued Play] 
Caption: Near-miss-like feedback increases arousal and trial persistence despite unchanged odds. 
 
Finding 4: Opaque or fragmentary odds sustain “grind changes luck” beliefs 
- Summary: Buried, legalistic, or partial probability disclosures do little to counteract beliefs that better 
play or longer effort will improve odds; this miscalibration fuels continued chasing. 
- Evidence: Jurisdictional policies (e.g., China’s mandated disclosures; Apple/Google store requirements) 
vary in format and placement; studies indicate that in-context, plain-language disclosures and visible pity 
meters improve comprehension more than static odds pages (Policy reviews; HCI research) 
(Apple/Google, 2020; Rockloff et al., 2020). 
- Alternative perspectives: Clearly visible pity systems and inline EV displays can materially improve 
perceived fairness and reduce misbeliefs when well-executed. 
- Implication: Move probability and EV information to the point of choice; include pity-state counters and 
simple examples (e.g., “on average X pulls to reach Y”). 
 
[INSERT CHART: Disclosure Format vs. Player Comprehension] 
Caption: Inline EV + pity meters outperform static odds pages in comprehension at point of choice. 
 
Category 2 — Motivation & Competence Dynamics (Self-Determination Theory) 
 
Finding 5: Variable-ratio structures sustain persistence; fixed/transparent systems support healthier 
competence 
- Summary: VR reward schedules produce higher frequency and persistence of behavior. In contrast, 
fixed and transparent schedules better support autonomy and genuine competence satisfaction (SDT). 
- Evidence: Operant conditioning literature on VR persistence and SDT literature on competence and 
controllability (Ryan & Deci, 2000) explain why uncertain rewards, when framed as mastery, shift 
motivation from intrinsic skill mastery toward externally driven, “need-satisfying” illusions. 
- Alternative perspectives: Hybrids (pity timers plus deterministic earn paths) can preserve engagement 
while reducing frustration if implemented transparently. 
- Implication: Design core skill and power progression on deterministic scaffolds. When hybrids are used, 
make pity mechanics visible and provide fully deterministic alternatives to reduce the incentive to chase. 
 
Category 3 — Neurocognitive Underpinnings 
 
Finding 6: Reward prediction errors, anticipation, and dopaminergic signaling explain potency under 
uncertainty 
- Summary: Unpredictable payoffs maximize reward prediction errors (RPEs); anticipation phases 
(build-up animations, audio, haptics) magnify arousal and memory salience, strengthening subsequent 
approach behavior. 



- Evidence: Neuroscience identifies dopamine RPEs as scaling with outcome surprise (Schultz, 1998). 
Lab studies of gambling and near-miss effects show physiological potentiation during anticipation that 
predicts persistence (Clark et al., 2009). 
- Alternative perspectives: Lab tasks may not capture the full social and sunk-cost context of live-ops 
environments; in-the-wild telemetry would strengthen ecological validity. 
- Implication: Reduce casino-like anticipation cues in products aimed at mixed audiences and minors; 
when using suspenseful reveals, provide “fast-reveal” options and clear odds. 
 
Category 4 — Behavioral Outcomes and Harm 
 
Finding 7: Spending on randomized rewards correlates with problem gambling symptomatology 
- Summary: Large-scale surveys and meta-analyses report consistent small-to-moderate positive 
associations between loot-box spending and problem gambling indicators; adolescents and high 
spenders show elevated risk. 
- Evidence: Representative and large-sample studies and syntheses report convergent associations 
(Zendle & Cairns, 2018; Zendle & Cairns, 2019; Drummond et al., 2020; Wardle & Zendle, 2021; Spicer et 
al., 2022). 
- Alternative perspectives: Most studies are cross-sectional; causality is unresolved—shared 
vulnerabilities (e.g., impulsivity) may explain part of the association. 
- Implication: Treat monetized chance mechanics as a risk exposure. Implement layered protections 
(spend dashboards, optional caps, cooling-off prompts) and prioritize longitudinal telemetry to unpick 
causality. 
 
[INSERT CHART: Meta-Analytic Effect Sizes Linking Loot-Box Spend to Problem Gambling] 
Caption: Convergent evidence indicates non-trivial associations across populations. 
 
Category 5 — Implementation Patterns & Case Studies 
 
Finding 8: Major genres and marquee titles systematically blend mastery loops with stochastic outcomes 
- Summary: Across shooters, sports titles, gacha RPGs, ARPGs, and esports-linked drops, designers 
routinely gate access to RNG behind skill-coded tasks (wins, ranks, high-level play), then present random 
draws with mastery framing. 
- Evidence: Case reviews (e.g., Genshin Impact's banner + pity design; FIFA/Ultimate Team packs; 
Overwatch loot-boxes shifting to battle passes; CS:GO case economies) illustrate how two-stage loops 
and framing reinforce competence narratives (Industry analyses; Rockloff et al., 2020). 
- Alternative perspectives: Some franchises have migrated toward direct-purchase models or 
cosmetic-only RNG in response to criticism and regulation; such shifts can preserve monetization without 
paid RNG for core power items. 
- Implication: Studios should audit where skill gates feed into chance nodes and either decouple them or 
make the chance explicit; align high-salience rewards with demonstrable mastery or provide deterministic 
acquisition options. 
 
[INSERT CHART: Player Journey Map – Skill Gates Feeding Chance Outcomes] 
Caption: Two-stage illusion: skill to access pulls; chance framed as proof of mastery. 
 
Category 6 — Regulation, Platform Policies, and Hybrid Mitigations 
 
Finding 9: Regulatory responses are expanding but fragmented; hybrids reduce frustration while 
maintaining stochastic cores 



- Summary: Jurisdictions vary—Belgium enforcing bans, China mandating odds disclosures, major app 
stores requiring probability visibility—while designers adopt hybrid mechanics (pity timers, rate-ups) that 
temper churn without restoring true skill–outcome contingency. 
- Evidence: Policy reviews document diverse regulatory action and platform policies (Apple/Google; 
national measures) (Apple/Google, 2020; Wardle & Zendle, 2021). Hybrids are industry-standard 
mitigations that preserve monetization. 
- Alternative perspectives: Overbroad prohibitions could stifle legitimate game mechanics; 
under-regulation leaves vulnerable populations exposed. 
- Implication: Design to the strictest foreseeable standard: inline odds/EV, visible pity states, 
age-appropriate defaults, and auditability for RNG and personalization systems. 
 
[INSERT CHART: Global Regulatory Landscape] 
Caption: Fragmented policies from bans to disclosures; plan for strictest regimes to reduce compliance 
risk. 
 
Data-Driven Insights & Visualization Placeholders 
- Layered Progression Overlaid on Variable-Ratio Rewards — shows co-occurrence of fixed-track 
progress and probabilistic high-value rewards; key takeaway: separate skill progression from paid RNG. 
- Impact of Near-Miss Cues on Continued Play — shows increases in arousal and persistence following 
near-miss–style feedback; key takeaway: neutralize near-miss rituals for monetized RNG. 
- Disclosure Format vs. Player Comprehension — compares static odds pages to inline EV + pity meters; 
key takeaway: in-context disclosures outperform static pages. 
- Meta-Analytic Links Between Loot-Box Spend and Problem Gambling — summarizes effect sizes 
across meta-analyses; key takeaway: monetize chance seen as risk exposure. 
- Player Journey Map – Skill Gates Feeding Chance Outcomes — visualizes the two-stage illusion; key 
takeaway: target coupling points for intervention. 
- Global Regulatory Landscape — maps jurisdictional approaches; key takeaway: adopt conservative, 
auditable design practices. 
 
Cohesion, Contradictions, and Key Gaps 
 
Interconnection: The design tactics (layering, framing, rituals, opacity) exploit core motivational needs 
(competence in SDT) and neurocognitive mechanisms (RPE, anticipation), producing persistent 
engagement patterns that are empirically linked to gambling-adjacent harms. Case studies show these 
tactics are systematic and scalable across genres. 
 
Contradictions and uncertainties: 
- Randomness can be part of legitimate challenge design when transparent and non-monetized; context 
matters. 
- The literature largely reports correlations between loot-box spend and gambling symptoms; causality 
remains unresolved—longitudinal telemetry and randomized field experiments are needed. 
- Lab analogues reveal mechanisms (near-miss arousal, RPE) but do not fully capture the live-ops 
context of social proof, sunk time, and event-driven calendars. 
 
Why it matters: For studios, short-term ARPU gains tied to VR monetization must be balanced against 
long-term trust, regulatory risk, and harm-adjusted retention. For policymakers and clinicians, assessing 
risks requires looking beyond legalistic definitions of gambling to how design exploits competence needs 
and attention. For non-game platforms adopting gamified reinforcement, separating true skill progression 
from stochastic boosts is both an ethical imperative and a competitive differentiator. 



 
Actionable Checklist (design & policy primitives) 
- Separate mastery from monetization RNG: ensure core power progression follows deterministic paths; 
reserve paid randomness for optional cosmetics and accompany with deterministic alternatives. 
- Make chance conspicuous at the point of decision: inline odds, expected value (EV), and visible pity 
counters adjacent to pull buttons, with plain-language examples. 
- Reduce ritualized anticipation and near-miss mimicry: shorten reveals, provide fast-reveal defaults, and 
remove UI elements that imply skill control where none exists. 
- Tier safeguards by risk: default “no paid RNG” for minors, spend dashboards, voluntary and 
recommended caps, and proactive cooling prompts for chase patterns. 
- Prepare for auditability: maintain versioned loot tables, probability logs, and third-party audit access; 
document AI personalization rules and provide opt-outs. 
 
Research and Evaluation Priorities (brief) 
- Longitudinal, telemetry-linked cohort studies to disentangle causality between exposure and harm. 
- Large-scale A/B tests of disclosure formats (static odds vs. inline EV + pity) measuring comprehension, 
spend, and regret. 
- Field trials of AI-personalized reinforcement with independent fairness audits and opt-out mechanisms. 
- Comparative analyses of cosmetic-only RNG vs. power-affecting RNG, and of tradeable vs. 
non-tradeable items, to quantify differential harm. 
 
Summary 
The convergent evidence shows that design features—layered progression, mastery framing, ritualized 
reveals, and opaque disclosures—convert VR reinforcement into a felt mastery arc. Neurocognitive 
mechanisms (RPE, anticipation) and motivational processes (competence needs) explain why these 
designs are sticky. Empirical studies link monetized randomness to gambling-like harms, particularly for 
vulnerable cohorts. While hybrids and disclosures mitigate friction and political risk, they do not 
necessarily restore genuine skill–outcome contingency. Practical remedies center on separating skill from 
chance, surfacing in-context probabilities, limiting near-miss rituals, tiered safeguards for minors and 
high-risk users, and auditability—measures that preserve engagement while reducing compulsion and 
regulatory exposure. 
 
(Selected references cited in this section: Clark, 2009; Schultz, 1998; Ryan & Deci, 2000; Zendle & 
Cairns, 2018; Zendle & Cairns, 2019; Drummond et al., 2020; Wardle & Zendle, 2021; Spicer et al., 2022; 
Rockloff et al., 2020; Apple/Google policies, 2020; UK Survey, 2019.) 
 
Case Studies & Practical Applications 
 
Purpose and scope 
This section translates the paper’s theoretical and empirical findings into concrete, real-world examples 
and implementable practices. It first analyzes high-profile case studies that illustrate how contemporary 
products fuse skill-coded progression with variable-ratio (VR) reward mechanics. It then synthesizes 
those cases into practical applications for designers, live-ops teams, platform owners, regulators, 
clinicians, and non-game product teams. Throughout, trade-offs, ethical issues, and operational 
constraints are highlighted. Citations appear as placeholders to be resolved in the final References 
section (e.g., Zendle & Cairns, 2018; Clark et al., 2009; Ryan & Deci, 2000). 
 
Step 1 — Case studies: how design choices recast chance as mastery 
 



1. Genshin Impact — Gacha integrated into a mastery ecosystem 
- Case overview: A popular action-RPG whose primary monetization is character/weapon gacha 
governed by VR schedules with an explicit pity mechanic. 
- Challenge: Sustain engagement and revenue in a free-to-play model while managing player frustration 
from pure RNG. 
- Solution/Design pattern: Layered progression (Adventure Rank, artifact and weapon upgrade systems, 
boss/farming routines) supplies steady, visible progress. Event banners and pity counters provide 
semi-transparent rescue from long dry streaks. Mastery-coded rituals (team optimization, boss patterns) 
operate alongside chances to pull prized characters/weapons. 
- Results & impact: High and sustained revenue performance and daily engagement, largely driven by 
event cadence and rate-up banners. Pity mechanics and visible banners reduced overt backlash while 
preserving a stochastic core (Industry reports; case analyses) (Author, Year). 
- Key takeaway: Coupling skill-gated routines with visible pity/rate-up mechanics stabilizes retention but 
preserves a gambling-like reinforcement schedule that masks chance as earned mastery. 
 
2. FIFA / EA Sports FC Ultimate Team (FUT) — Competitive mastery framed around randomized packs 
- Case overview: A sports title built on team-building where card packs (VR rewards) are central to 
competitive advancement. 
- Challenge: Global regulatory scrutiny (especially youth exposure), reputational risk, and jurisdictional 
divergence (e.g., Belgium enforcement). 
- Solution/Design pattern: Public odds disclosures (driven by platform and local rules), jurisdictional 
feature toggles (e.g., disabling paid points in some countries), and ongoing positioning of pack-opening as 
part of team optimization and seasonal mastery. 
- Results & impact: FUT remained a major revenue driver while adapting features to comply with platform 
and local requirements. Odds disclosures increased transparency but did not eliminate VR-driven chasing 
dynamics (Author, Year). 
- Key takeaway: Disclosure and regional tailoring reduce compliance risk but do not, by themselves, 
neutralize competence-masking and chasing behaviors. 
 
3. Overwatch — From paid loot boxes to a seasonal battle pass 
- Case overview: A mainstream hero shooter that shifted monetization away from paid loot boxes toward 
battle passes and direct-purchase cosmetics. 
- Challenge: Public/regulatory pressure and player expectation for predictable value and fairness. 
- Solution/Design pattern: Remove or de-emphasize paid RNG as a monetization centerpiece; adopt 
linear season passes with previewable rewards; offer direct-purchase cosmetic options. 
- Results & impact: Greater predictability in spend choices and clearer alignment of purchases with 
perceived mastery; reduced association with gambling-like mechanics (Company disclosures; industry 
analyses) (Author, Year). 
- Key takeaway: Studios can rearchitect monetization toward deterministic progression without 
abandoning live-service economics, though revenue models may need recalibration. 
 
4. Counter-Strike (CS) skin cases and the secondary market 
- Case overview: Cosmetic weapon skins obtained through randomized case openings and tradable on 
secondary markets. 
- Challenge: Third-party gambling sites and cash-out pathways amplified gambling-adjacent harms and 
legal scrutiny. 
- Solution/Design pattern: Platform-level enforcement against unlicensed gambling sites; some regional 
access restrictions for case openings and trading. 



- Results & impact: Reduced overt third-party gambling but persistent speculative culture; tradability 
converts cosmetic RNG into real-world value, complicating regulatory definitions (Author, Year). 
- Key takeaway: Tradability/cash-out potential materially amplifies gambling-like risk even when 
mechanics are nominally cosmetic. 
 
5. Confetti UX in retail trading — cross-domain spillover 
- Case overview: Retail brokerages used celebratory game-like UI elements (confetti, streaks) that framed 
market gains as skill-anchored mastery. 
- Challenge: Regulators and consumer advocates argued such cues could promote overtrading and 
risk-taking. 
- Solution/Design pattern: Removal or softening of gamified celebratory effects; clearer risk disclosures; 
more friction for complex trades. 
- Results & impact: Public-facing regulatory responses and industry shifts away from celebratory UX that 
masks risk (Regulatory notices; company policy changes) (Author, Year). 
- Key takeaway: Mastery-framed feedback and celebratory rituals migrate beyond gaming and invite 
regulatory/ethical scrutiny in other domains. 
 
Step 2 — Practical applications: translating evidence into design, policy, and operations 
 
A. Ethical live-service monetization playbook (for studios and product leads) 
- Context: Balance retention/revenue with long-term trust and regulatory exposure. 
- Recommended architecture: 
  1. Separate power progression from paid RNG. Put core gameplay-affecting progression on 
deterministic tracks; reserve randomness for optional, cosmetic-only elements. 
  2. Provide deterministic acquisition routes (crafting, token conversion, milestone guarantees) alongside 
any RNG nodes. 
  3. Remove mastery-coded language (e.g., “forged through dedication”) from interfaces that expose 
chance outcomes. 
- Example: Overwatch 2’s migration to season passes and direct-purchase cosmetics demonstrating 
feasible revenue alternatives (Company disclosures) (Author, Year). 
- Implementation challenges: Short-term ARPU decline; content cadence pressure; need to reconfigure 
live-ops KPIs. 
- Metrics & success criteria: Harm-adjusted LTV (HALTV), reduced refund/complaint rates, stable or 
improved long-term retention. 
 
B. Odds disclosure and mastery–chance separation (for compliance and platform owners) 
- Core principles: 
  1. Surface odds inline at the point of choice — next to pull/open buttons — with plain-language 
examples (e.g., “~1 in 90 chance for top-tier; pity in 70 pulls”). 
  2. Pair odds with an “expected cost” calculator showing average pulls/cost to obtain a desired rarity. 
  3. Implement localized, comprehension-tested presentation (≥70% comprehension target in usability 
tests). 
- Example: China’s mandated in-app disclosures and Apple/Google store policies requiring probability 
visibility (Regulatory sources) (Author, Year). 
- Limitations: Odds alone do not eliminate illusion of control or near-miss effects; format and timing matter. 
 
C. Player-safety operations and telemetry (for live-ops and trust & safety teams) 
- Operational toolkit: 



  1. Behavioral risk flags: detect chase patterns (rapid repeated pulls after losses), escalating spend near 
banner expiry, late-night bingeing. 
  2. Interventions: contextual reminders, voluntary cooling-off prompts, optional temporary spend caps, 
and deterministic alternatives offered when risk thresholds are crossed. 
  3. Auditability: maintain verifiable logs of loot tables, pity-state updates, and personalization logic for 
independent review. 
- Example: Live-ops teams that auto-offer guaranteed token exchanges after repeated failed attempts 
reduced churn and complaints (pilot reports) (Author, Year). 
- Privacy & accuracy concerns: false positives; must align interventions with consent and data protection 
rules. 
 
D. Applying competence-safe principles outside games 
- EdTech & productivity apps: 
  - Replace opaque “mystery rewards” with clear mastery milestones and cosmetic-only surprises. 
  - Emphasize skill dashboards and spacing/practice graphs; use RNG only for low-stakes novelty that 
does not affect learning outcomes. 
- Fintech & brokerage platforms: 
  - Remove celebratory gamification for trades; present downside/upside distributions and confidence 
intervals instead of confetti. 
  - Offer simulator sandboxes and “risk literacy” modules. 
- Creator platforms & marketplaces: 
  - Discourage algorithmic exposure boosts framed as earned mastery; disclose randomness bands for 
reach and provide guaranteed rotational visibility. 
- Challenges: Loss of novelty and initial engagement; need to prove long-term efficacy with A/B tests and 
telemetry. 
 
Step 3 — Challenges, ethical implications, and policy considerations 
 
Scalability and studio capacity 
- Indie vs. AAA: Smaller teams often rely on prebuilt monetization templates (loot/gacha) for revenue; 
alternatives (passes, direct purchases) demand predictable content pipelines. 
- Suggestion: Use hybrid deterministic passes with curated cosmetic drops and transparent pity counters 
so smaller teams can approximate ARPU without opaque VR cores. 
 
Vulnerable cohorts and targeted protections 
- Evidence shows harm concentrates among adolescents and a minority of high spenders (Zendle & 
Cairns, 2018; Drummond et al., 2020; Spicer et al., 2022). 
- Practical measures: 
  - Default “no paid RNG” settings for verified minors. 
  - Mandatory spend dashboards, cooling-offs, and default daily/weekly caps. 
  - Proactive psychoeducational nudges about probability and expected cost. 
 
AI-personalized reinforcement: emerging risk 
- Trend: Machine learning will enable per-user tuning of reward timing, pity thresholds, and presentation 
to maximize engagement (adaptive gamblification). 
- Ethical & operational implications: 
  - Require explainability, opt-outs, and external audits for personalization algorithms. 
  - Ban or limit per-user manipulations designed primarily to increase spend among flagged-vulnerable 
profiles. 



 
Autonomy, consent, and transparency 
- Designs that recode chance as earned mastery can erode autonomy by manipulating perceived 
competence. 
- Designers should pair any “play smart” messaging with structural safeguards (system-level spend limits, 
opt-outs) and avoid language implying causal skill-outcome links where none exist. 
 
Regulatory and definitional complexities 
- Debates persist over whether cosmetic RNG constitutes “gambling” absent cash-out; tradeability, 
external markets, and stake/skill considerations complicate regulation. 
- Policy recommendations: 
  - Mandate inline probability/E.V. disclosure and visible pity-state counters. 
  - Standardize “reinforcement nutrition labels” that indicate schedule type (fixed, variable, hybrid), 
tradability, and expected cost-to-rare. 
  - Require accessible audit logs for RNG and personalization, with special provisions for minor 
protections. 
 
Step 4 — Visualization placeholders and strategic insights 
 
[INSERT CHART: Case Comparisons — Monetization Architecture and Regulatory Response] 
Caption: Cross-title snapshot showing where power progression is deterministic vs. stochastic, presence 
of pity, tradability, and jurisdictional adaptations. 
 
[INSERT CHART: Player Journey Map — Skill Gates Feeding Chance Outcomes] 
Caption: Illustrates the two-stage illusion: skill-gated access to random draws followed by mastery-framed 
reveal moments. 
 
[INSERT CHART: Disclosure Format vs. Comprehension & Behavioral Outcomes] 
Caption: Compares static odds pages, inline EV + pity meters, and plain-language examples on 
comprehension, spend, and regret metrics. 
 
Strategic insights (actionable) 
- Decouple power from paid randomness: Make core progression deterministic; limit paid RNG to optional 
cosmetics with transparent odds. 
- Ship inline, plain-language disclosures: Real-time odds, pity-state, and expected cost at the decision 
point materially improve understanding (UX research) (Author, Year). 
- Reduce ritualized, near-miss theatrics: Shorter, neutral reveals and a “fast reveal” default mitigate 
arousal-driven chasing. 
- Tier protections toward risk groups: Default no-paid-RNG modes for minors and auto-offer deterministic 
alternatives for flagged chasing behavior. 
- Prepare for audits and policy shifts: Maintain verifiable loot tables, versioned logs, and independent 
algorithmic reviews. 
 
Actionable checklist for immediate implementation 
- Separate mastery and monetization: core power via deterministic tracks; cosmetics via optional RNG. 
- Surface odds + pity state inline at pull points; include an “expected pulls/cost” estimator. 
- Add fast-reveal defaults and remove near-miss animations for paid RNG. 
- Implement spend dashboards, voluntary caps, and cool-down prompts; default strict settings for minors. 



- Enable external audits: maintain RNG logs, personalization model summaries, and clear age-verification 
records. 
 
Concluding linkage to the broader paper 
These case studies and practical applications demonstrate that the combination of layered progression, 
mastery framing, and VR reinforcement is both commercially potent and ethically fraught. Practical 
interventions—technical, UX, operational, and regulatory—exist and have been piloted with measurable 
effects (e.g., reduced complaints, improved comprehension). However, effective harm mitigation requires 
combining transparency, deterministic alternatives, player-safety telemetry, and governance of 
AI-personalized reinforcement. The following sections of the full paper (Conclusion & Future Research 
Directions; References) will synthesize these operational recommendations with a prioritized research 
agenda (longitudinal telemetry, disclosure RCTs, AI-audit frameworks) and provide the underlying 
bibliographic documentation (e.g., Zendle & Cairns, 2018; Clark et al., 2009; Drummond et al., 2020; 
Ryan & Deci, 2000; Schultz, 1998). 
 
References cited in this section (placeholders to be completed in the References section) 
- Clark, L., et al. (2009). [Full reference to be included]. 
- Drummond, A., et al. (2020). [Full reference to be included]. 
- Ryan, R. M., & Deci, E. L. (2000). [Full reference to be included]. 
- Schultz, W. (1998). [Full reference to be included]. 
- Zendle, D., & Cairns, P. (2018, 2019). [Full references to be included]. 
- Wardle, H., & Zendle, D. (2021). [Full reference to be included]. 
- Spicer, N., et al. (2022). [Full reference to be included]. 
- Industry/case sources and design audits cited in text (Rockloff et al., 2020; company disclosures, 
regulatory releases) — full references to be assembled in References. 
 
Challenges & Ethical Considerations 
 
Overview 
Contemporary gamblified reward systems create a unique set of challenges that cut across design, 
psychology, business strategy, law, and public health. The same mechanisms that make variable‑ratio 
(VR) reinforcement effective—unpredictability, salient reward reveals, and near‑miss cues—also produce 
predictable ethical tensions when wrapped in mastery language, skill gates, or monetized access (Ryan & 
Deci, 2000; Schultz, 1998). This section organizes the principal challenges, summarizes the ethical 
stakes, highlights contested debates in the literature, and identifies mitigation priorities for designers, 
platforms, clinicians, and regulators. 
 
1. Design & Behavioral Challenges 
- Competence hijacking and the two‑stage illusion 
  - Problem: When skill‑gated tasks (wins, ranks, streaks) unlock random draws, players infer a causal link 
between effort and outcome; intermittent big wins then inflate perceived competence despite lack of 
skill–outcome contingency (i.e., “earned” luck) (Rockloff et al., 2020; Ryan & Deci, 2000). 
  - Consequence: This misattribution can shift motivation from intrinsic mastery to externally driven 
chasing and spend escalation. Near‑miss rituals and celebratory reveals intensify anticipation and 
“one‑more‑try” behavior via reward prediction error mechanisms (Clark et al., 2009; Schultz, 1998). 
 
- Ritualized openings, near‑miss mimicry, and choice architecture 
  - Problem: Animations, haptics, pick‑a‑box choices, and near‑miss visuals emulate gambling cues that 
increase arousal and persistence even when probabilities are unchanged (Clark et al., 2009). 



  - Consequence: These cues can materially change behavior at the point of choice, undermining users’ 
ability to exercise deliberate, informed spending decisions. 
 
- Hybrid mechanisms that “stabilize” but mask risk 
  - Problem: Pity timers and rate‑ups reduce immediate frustration and churn while preserving a stochastic 
core. Visible pity can improve fairness perceptions, but when deterministic alternatives are absent it 
sustains chasing dynamics (industry telemetry reports; design analyses). 
  - Consequence: Hybrids may lower churn metrics while still exposing players—especially high‑spenders 
and youth—to gambling‑adjacent harms. 
 
2. Vulnerable Populations & Concentrated Harm 
- Youth and developmental vulnerability 
  - Evidence: Multiple large surveys and meta‑analyses link loot‑box spending to greater 
problem‑gambling symptomatology across adolescents and adults (Zendle & Cairns, 2018, 2019; 
Drummond et al., 2020; Spicer et al., 2022). Youth have less numeracy about probability and are more 
sensitive to social/status signaling, making them especially susceptible to competence‑inflation narratives. 
  - Ethical implication: Default protections (e.g., “no paid RNG” for minors, hard spend caps, age‑verified 
interfaces) are warranted to honor duties of care. 
 
- High‑spenders and comorbid vulnerabilities 
  - Evidence: Harm is concentrated among a minority of users—high‑frequency pullers and those with 
impulsivity/gambling vulnerabilities bear disproportionate risk (meta‑analytic syntheses). 
  - Ethical implication: Operational safeguards should be tiered by risk (spend dashboards, voluntary 
limits, targeted interventions) to avoid blunt trade‑offs between revenue and safety. 
 
3. Transparency, Disclosure & Comprehension Challenges 
- Disclosure efficacy gap 
  - Problem: Static odds pages or buried probability statements frequently fail to influence decision‑time 
behavior; comprehension at the point of choice is low unless disclosures are inline, contextualized, and 
accompanied by plain‑language examples (policy reviews; HCI tests). 
  - Ethical implication: Disclosure alone is necessary but insufficient; transparency must be designed for 
comprehension (inline EV, pity‑state meters, worked examples) and validated by pre‑deployment testing. 
 
- Framing effects and mental models 
  - Problem: UI copy (“forge,” “upgrade,” “mastery rewards”) and progress bars create strong mental 
models that reframe randomness as earned improvement, reducing the cognitive impact of probability 
information. 
  - Ethical implication: Design standards should require explicit, unambiguous labeling that distinguishes 
skill‑contingent from chance‑contingent outcomes at the decision point. 
 
[INSERT CHART: Disclosure Format vs. Player Comprehension] 
Caption: Inline EV + pity‑state indicators typically yield greater comprehension at point of choice than 
static odds pages (HCI test results). 
 
4. Algorithmic Personalization & Future Risks 
- Adaptive reinforcement (AI‑personalized gamblification) 
  - Problem: Machine learning systems can dynamically tune reward timing, pity thresholds, and reveal 
cadence to maximize engagement or spend at an individual level. This raises risks of covert optimization 
toward compulsive patterns for vulnerable users. 



  - Ethical implication: Personalization that optimizes commercial KPIs without explicit consent violates 
autonomy and can magnify harm; it creates a strong case for algorithmic audits, opt‑outs, and safeguards 
for protected groups (children; people with known vulnerabilities). 
 
- Auditability, provenance, and model explainability 
  - Problem: Closed personalization pipelines obscure how schedules adapt across users and over time. 
  - Ethical implication: Maintain explainable models, versioned logs of reward tables and personalization 
parameters, and third‑party audit access to detect unfair targeting. 
 
5. Regulatory & Legal Ambiguities 
- Fragmented legal landscape 
  - Status: Jurisdictions vary—from Belgium’s enforcement actions against paid loot boxes to China’s 
probability disclosure mandates and platform rules (Apple/Google) requiring odds publication. Definitions 
(gambling vs. entertainment; cosmetic vs. power; tradability vs. cash‑out) differ internationally. 
  - Ethical and operational consequence: Companies face compliance complexity and legal risk; overly 
narrow regulatory definitions may miss harms produced by competence‑framing and near‑miss 
mechanics. 
 
- Definition tensions: tradability and real‑world value 
  - Problem: Secondary markets or informal cash‑out channels can convert cosmetic RNG into extractable 
value, complicating regulatory classification. 
  - Ethical implication: Regulators and platforms must consider both intended design and downstream 
market behaviors; industry actors should proactively mitigate third‑party cash‑out risks. 
 
6. Business & Operational Tensions 
- Short‑term revenue vs long‑term trust 
  - Tension: VR monetization can deliver strong ARPU but may harm trust, retention quality, and brand 
equity over time; reputational and regulatory shocks (e.g., public backlash, local bans) can disrupt 
revenue more than measured short‑term gains. 
  - Ethical implication: Firms should evaluate harm‑adjusted lifetime value (HALTV) rather than raw ARPU 
in design decisions. 
 
- Scale and resource constraints 
  - Tension: Indie and small studios often rely on off‑the‑shelf monetization templates (loot/gacha) for 
viability; alternatives (direct purchase, deterministic progression) require content pipelines and product 
design investments. 
  - Ethical implication: Industry-level guidance, toolkits, and standardized compliance templates can lower 
barriers to competence‑safe monetization for smaller studios. 
 
7. Research & Measurement Challenges 
- Causality vs correlation 
  - Problem: Much existing evidence is cross‑sectional; causality between exposure to loot mechanics and 
development of gambling disorders is unresolved. 
  - Need: Longitudinal telemetry‑linked cohorts that combine psychometrics, behavioral logs, and natural 
experiments to infer causal pathways. 
 
- Ecological validity and heterogeneity of implementations 
  - Problem: Lab analogues document mechanisms (near‑miss arousal, RPE) but may underrepresent 
social context, live‑ops cadence, and hybrid implementations (pity, tradability). 



  - Need: In‑the‑wild randomized field experiments and cross‑title comparisons (cosmetic vs power; 
tradable vs non‑tradable; visible vs hidden pity). 
 
8. Ethical Frameworks & Principles Applied 
Applying common ethical principles helps translate the challenges above into actionable duties: 
 
- Autonomy and informed consent 
  - Duty: Ensure users can make meaningful, informed choices at the point of purchase (clear odds, EV, 
pity state), and provide opt‑outs for personalization. 
 
- Beneficence and non‑maleficence 
  - Duty: Design to maximize player welfare—reduce exploitative cues (near‑misses, ritualization), provide 
deterministic progression for essential power, and mitigate harms to vulnerable groups. 
 
- Justice and fairness 
  - Duty: Avoid designs that disproportionately expose certain demographic groups (minors, those with 
impulsivity) to risk; ensure equitable access to non‑RNG progression. 
 
- Accountability and transparency 
  - Duty: Maintain auditable logs, publish reinforcement labeling, and permit independent verification of 
fairness and RNG integrity. 
 
9. Priority Ethical Mitigations (operational checklist) 
These are immediate, ethically grounded interventions studios and platforms can adopt: 
 
- Distinguish skill vs chance at point of choice: explicit labels and plain‑language descriptions next to 
purchase/pull actions. 
- Inline, contextual odds + EV + visible pity meters: not buried policy pages. 
- Deterministic routes for essential power: ensure core progression and competitive balance are not 
pay‑gated by chance. 
- Reduce ritualized reveals and near‑miss theatrics for paid RNG; provide “fast‑reveal” defaults. 
- Tiered safeguards by risk: default caps and “no paid RNG” settings for minors; spend dashboards and 
voluntary limits for adults. 
- Detect and intervene on chasing behavior: telemetry triggers for rapid successive pulls, late‑night 
binges, escalating spend, with benign nudges, cooling‑off, or deterministic alternatives. 
- Algorithmic governance: mandatory opt‑out for adaptive reinforcement; periodic external audits of 
personalization models; documentation of decision rules. 
- Auditability and provenance: versioned loot tables, cryptographically verifiable RNG where feasible, and 
third‑party audit access. 
 
[INSERT CHART: Risk Segmentation for Safeguards] 
Caption: Harms concentrate among youth and a minority of high spenders; interventions can be tiered to 
reduce most risk while preserving voluntary engagement for informed adults. 
 
10. Outstanding Ethical Debates and Trade‑offs 
- Banning vs. regulated availability 
  - Debate: Some jurisdictions favor bans (Belgium) while others prefer disclosure/regulation. Bans reduce 
population exposure but may push monetization to less visible channels; regulation can be evaded 
without design accountability. 



  - Ethical stance: A combined approach—clear prohibitions for exploitative pay‑to‑win RNG, mandated 
transparency, and enforceable audit requirements—better balances public protection and innovation. 
 
- Cosmetic RNG: harmless or gateway? 
  - Debate: Cosmetic‑only randomness reduces competitive distortion but still carries competence‑inflation 
risk when mastery framing is strong. 
  - Ethical stance: Cosmetic RNG should still meet transparency and anti‑ritual standards and be 
de‑emphasized for minors. 
 
- Personalization opt‑ins vs defaults 
  - Debate: Personalized schedules may improve retention; defaults that maximize autonomy and safety 
(non‑personalized reinforcement, lower arousal reveals) protect vulnerable users. 
  - Ethical stance: Defaults should prioritize safety (opt‑in for personalization, explicit consent, easily 
accessible opt‑outs). 
 
Conclusion: Governance, Multidisciplinary Action, and Research Priorities 
The ethical stakes of gamblified reward systems are substantial and tractable. Mitigations 
exist—competence‑safe design patterns, inline disclosure, deterministic progression, tiered safeguards, 
and algorithmic audits—but their effective deployment requires coordinated action across designers, 
platform owners, regulators, clinicians, and independent auditors. Priority research must address 
causality (longitudinal telemetry), the behavioral efficacy of disclosure formats, and the effects of 
AI‑personalized reinforcement. Ethically robust deployment balances legitimate design innovation with 
principled protections for autonomy, welfare, and fairness—so that uncertainty in play fuels curiosity and 
entertainment, not compulsion and harm. 
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If desired, I can convert the checklist above into a one‑page operational policy template for studios or a 
short decision tree to help regulators distinguish high‑risk implementations (pay‑to‑win, tradable 
high‑value drops) from lower‑risk, entertainment‑oriented variants. 
 
Conclusion & Future Research Directions 
 
Summary conclusions 
 
- Contemporary live‑service and free‑to‑play ecosystems systematically convert variable‑ratio 
reinforcement (VR)—the schedule that drives persistent responding in gambling—into a felt mastery 
continuum by layering deterministic progress cues (XP bars, ranks, battle passes) and mastery‑framed 
language over probabilistic payouts (loot boxes, gacha, randomized upgrades). This fused architecture 
amplifies persistence, obscures true contingency, and yields measurable associations with 



gambling‑related harm in vulnerable subgroups (e.g., adolescents, high spenders) (Zendle & Cairns, 
2018; Drummond et al., 2020; Spicer et al., 2022). 
- Neurocognitive and behavioral mechanisms explain why these designs are potent: reward prediction 
error and anticipatory phases amplify dopaminergic responses to surprise (Schultz, 1998); near‑miss and 
illusion‑of‑control cues increase arousal and chasing behavior (Clark et al., 2009); and Self‑Determination 
Theory describes how intermittent stochastic wins inflate perceived competence while dry streaks 
threaten it, pushing compensatory behavior (Ryan & Deci, 2000). 
- Industry responses (pity timers, odds disclosures) and regulatory moves (China’s probability mandates; 
Belgium’s enforcement; platform rules from Apple/Google) are meaningful but fragmented. 
Implementation details—pity visibility, tradeability, cosmetic vs. power rewards, and 
personalization—determine net risk more than the mere presence of RNG. 
- Practically, the evidence supports a competence‑safe design agenda: separate power progression from 
paid randomness; surface in‑context probabilities and expected value (EV); make pity states explicit; 
neutralize near‑miss rituals; and deploy tiered protections for minors and at‑risk users. These steps 
preserve engagement while reducing exploitative dynamics and regulatory exposure. 
 
Actionable implications (who should do what, now) 
 
- Designers & product leads 
  - Prioritize deterministic routes for meaningful power progression; confine paid RNG to optional cosmetic 
layers only, or provide token/craft alternatives to target items. 
  - Ship inline odds, EV estimates, and visible pity counters adjacent to the action point (pull/open) rather 
than buried policy pages. 
  - Reduce or make optional theatrical reveal rituals and remove near‑miss mimics that emulate 
slot‑machine cues. 
 
- Live‑ops & player‑safety teams 
  - Implement telemetry‑driven risk flags (rapid repeated pulls, late‑night chase patterns, escalating spend 
near events) that trigger soft interventions: cooldown prompts, spend summaries, voluntary caps. 
  - Adopt harm‑adjusted KPIs (e.g., HALTV — harm‑adjusted lifetime value) so commercial decisions 
weigh short‑term revenue against trust, refunds, and risk signals. 
 
- Platforms & regulators 
  - Require conspicuous, standardized reinforcement “nutrition labels” that declare schedule type (fixed vs. 
variable), odds, pity logic, and whether items are tradeable/cash‑convertible. 
  - Enforce default minor protections (no paid RNG for verified minors; default spend caps) and require 
audit trails for RNG and personalization logic. 
 
- Clinicians & researchers 
  - Integrate psychoeducation on VR dynamics and illusion‑of‑control into prevention/treatment; support 
access to telemetry‑informed referrals where available. 
  - Prioritize longitudinal and telemetry‑linked research to disentangle selection effects from causal 
pathways. 
 
Prioritized future research directions (detailed, actionable) 
 
1) Causality: longitudinal, telemetry‑linked cohort studies 
- Core question: Does exposure to gamblified mechanics causally increase gambling‑related problems or 
simply attract vulnerable individuals? 



- Proposed design: Multi‑year cohort combining: platform telemetry (pull frequency, spend, time‑of‑day, 
event responses), validated psychometrics (impulsivity, problem gambling screens), and health/well‑being 
outcomes. Use propensity‑score weighting and causal inference (difference‑in‑differences where 
jurisdictions change policy; instrumental variables where possible). 
- Key measures: cumulative spend on RNG vs deterministic purchases, chase indices (escalation after 
loss), time to first refund/chargeback, validated gambling disorder scales, and functional outcomes (sleep, 
school/work impact). 
- Ethical notes: Informed consent for telemetry linkage; privacy‑preserving analytics (de‑identification, 
secure enclaves); IRB oversight for vulnerable populations. 
 
2) Disclosure and comprehension: large‑scale randomized field experiments 
- Core question: Which disclosure formats (static odds, inline EV, pity meters, plain‑language examples) 
measurably change comprehension and behavior at point of choice? 
- Proposed design: A/B/C field trials across active user populations; primary outcomes: immediate 
comprehension (test questions), short‑term behavior (pulls, spend), medium‑term 
regret/complaints/refunds. 
- Secondary analyses: Heterogeneity by numeracy, age, prior exposure, and cultural context. 
- Deliverables: Best‑practice disclosure templates (wording, number formats, iconography) with validated 
comprehension thresholds (target ≥70% comprehension before release). 
 
3) AI‑personalized reinforcement: randomized evaluations and audits 
- Core question: How do per‑user adaptive schedules (personalized odds presentation, dynamic pity 
thresholds, timing of offers) affect engagement, equity, and harm? 
- Proposed design: Randomized deployment of personalization vs. static schedules with independent 
algorithmic audits. Pre‑specified subgroup analyses (minors, high impulsivity, low income). 
- Metrics and safeguards: Log model inputs/outputs, expose counterfactual policy (what non‑personalized 
users would have seen), require human‑readable model summaries and opt‑out controls. 
- Policy relevance: Inform regulation on automated optimization that targets individual vulnerabilities. 
 
4) Item type and tradability: comparative natural experiments 
- Core question: Do cosmetic‑only RNG and non‑tradeable items pose materially lower harm than power 
or tradable RNG? 
- Proposed design: Exploit product changes (platform or region switches between tradable/non‑tradable 
or cosmetic/power) as natural experiments. Compare spend trajectories, secondary‑market activity, and 
harm proxies pre/post change. 
- Key outcomes: Spend concentration, speculative behavior, problem‑gambling symptom changes, 
secondary market volume. 
 
5) Pity, hybrids, and psychological framing: mechanism experiments 
- Core question: Do pity systems reduce or paradoxically increase chasing and perceived deservedness 
when poorly disclosed? 
- Proposed design: Controlled field experiments manipulating presence/visibility of pity (visible vs hidden), 
deterministic alternatives (crafting vs pity), and framing (mastery vs randomness). 
- Measurements: Pull cadence post‑dry streak, subjective perceived control, retention, and downstream 
spend. 
- Implication: Determine whether visible pity with deterministic earn paths is genuinely protective. 
 
6) Cross‑cultural replication and legal context studies 



- Core question: How do cultural factors and regulatory regimes modulate perception and behavioral 
responses to gamblified mechanics? 
- Proposed design: Multi‑country panels stratified by jurisdictional policy (e.g., China odds disclosures, 
Belgium bans, permissive regimes). Combine surveys, choice experiments, and telemetry where feasible. 
- Outcome: Policy‑sensitive recommendations tailored to legal and cultural contexts. 
 
7) Measurement & metric development: validating “competence” and harm indicators 
- Core question: How do we distinguish genuine skill growth from “inflated competence” produced by 
stochastic wins? 
- Proposed approach: Develop and validate instruments combining objective skill trajectories 
(performance metrics, learning curves) with subjective competence scales and attribution measures 
(degree to which users credit skill vs luck). 
- Use case: Audit frameworks for studios to quantify competence alignment of reward systems. 
 
Methodological and operational recommendations for researchers 
 
- Use mixed methods: telemetry + psychometrics + qualitative interviews to capture both behavior and 
subjective meaning (how players interpret wins/losses). 
- Prioritize ecological validity: field experiments and natural experiments in live environments are 
essential; lab analogues should be calibrated against in‑the‑wild telemetry. 
- Share safe, de‑identified datasets and standardized codebooks to enable replication while protecting 
privacy. 
- Pre‑register hypotheses and analysis plans, particularly for policy‑relevant trials. 
 
Standards, audits, and design governance (policy and industry actions tied to research) 
 
- Standardize reinforcement “nutrition labels” that include: schedule type (fixed/variable), per‑pull odds by 
rarity tier, current pity state, whether items are tradeable/cash‑convertible, and an example EV 
(Authoritative Standard Body, Year). 
- Require third‑party RNG and personalization audits for titles with paid RNG or algorithmic 
personalization affecting offers. 
- Define minimum default protections: verified‑minor mode with no paid RNG, default spend dashboards, 
and optional stricter caps. 
- Encourage industry adoption of harm‑adjusted business metrics (e.g., HALTV) and require that major 
A/B tests report both revenue and harm indicators to an internal safety board. 
 
Closing synthesis and call to action 
 
This paper’s synthesis—drawing behavioral science, neuroscience, case analysis, and regulatory 
mapping—shows that design choices matter: how randomness is framed, revealed, and coupled with skill 
gates determines if uncertainty fuels curiosity and mastery or catalyzes chasing and harm. The most 
urgent empirical needs are causal, longitudinal telemetry studies; rigorous disclosure and personalization 
experiments; and standardized measurement of competence versus stochasticity. Practically, studios and 
platforms can adopt competence‑safe defaults now (deterministic power progression, inline odds/pity, 
de‑excited reveals, minor protections), while policymakers and auditors should push for transparency and 
algorithmic oversight. 
 
Addressing these challenges requires interdisciplinary collaboration: behavioral scientists, clinicians, 
designers, platform engineers, regulators, and affected communities must co‑create standards, datasets, 



and trials. If stakeholders commit to evidence‑based reforms—prioritizing the separation of skill from paid 
chance, the legibility of probabilistic mechanisms, and auditability of adaptive systems—then design can 
preserve the motivational virtues of games while reducing gambling‑adjacent harms. 
 
[INSERT CHART: Future Research Agenda Matrix] 
Caption: Prioritized studies, design experiments, data sources, and stakeholders mapped by timeframe 
and policy relevance. 
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