This paper synthesizes converging evidence that a sustained shift from mastery-oriented gaming to
relief-oriented gambling can recalibrate young men’s predictive processing and sense of agency—from an
agentic stance (“my actions shape outcomes and learning”) toward a passive, dissociative consumer
stance (“outcomes happen to me; | play to feel different”). Mastery contexts (ranked esports, competitive
ladders) provide tight action—outcome contingencies, dense feedback, and visible skill curves that bolster
model-based control and strengthen controllability priors (Problem video game playing..., 2011; Internet
gaming disorder meta-analysis, 2019). By contrast, relief-oriented products (online casinos, rapid in-play
betting, loot-box mechanics) employ variable-ratio reinforcement, near-miss events, high event speed,
and opaque odds—features that decouple reward from controllability, elevate arousal and short-term
mood relief, and blunt the informational value of prediction errors (Clark et al., 2009; Schedule-induced
responding, 2003).

Empirical patterns show harms concentrate in rapid, continuous digital formats and are overrepresented
among young men (Wardle et al., 2011; Swiss cohort, 2018). Problem gambling correlates with illusions of
control, cognitive distortions about randomness, elevated dissociation, and a shift from goal-directed to
habitual responding (Dissociation review, 2013; de Ruiter et al., 2009; Potenza & Petry, 2019). Exposure
to gambling-like mechanics—most notably loot boxes—predicts later gambling involvement
(meta-analysis, 2022), while online availability, marketing, and crises (e.g., COVID-19) amplify
relief-seeking trajectories (Price, 2020).

Policy-relevant implications are immediate: clinicians should screen for relief motives and dissociation and
employ mastery-restoring interventions; designers and studios should replace randomized monetization
with transparent, skill-aligned progression; regulators should adopt feature-level risk scoring (event speed,
near-miss salience, availability) and require algorithmic audits; fintech and platforms can deploy default
friction (cool-offs, spending blocks) and just-in-time support. Key gaps remain—causality versus selection
effects, direct longitudinal measures of controllability priors and model-based control, cultural and gender
moderators, and causal tests of specific features. We recommend multi-year, multi-modal cohorts
combining telemetry, cognitive tasks, and neurobehavioral markers to detect early signatures of agency
erosion and to evaluate interventions that restore controllability priors and model-based control.

Introduction

A vignette captures the core contrast motivating this paper. A 17-year-old spends a Friday night climbing
a ranked ladder—reviewing replays, iterating strategy, and treating losses as information for future
improvement. Four years later, the same young man scrolls a betting app at 2 a.m., placing rapid in-play
micro-wagers to “switch off.” In the first scenario missed shots become data that sharpen expectations
and agency; in the second, near-misses and push notifications sustain a trance-like cycle in which
outcomes feel externally driven. This contrast is not merely behavioral: it implicates differing modes of
predictive processing, distinct priors about controllability, and divergent trajectories for the sense of
agency (Problem Video Game Playing, 2011).

Why this study matters now

Digital environments increasingly scaffold how young people—particularly young men—Ilearn, regulate
affect, and build identity. Over the last two decades, competitive online gaming and esports
institutionalized mastery loops via ranked ladders, dense feedback, and analytics that make
action—outcome contingencies legible (Problem Video Game Playing, 2011). In parallel, smartphone
ubiquity, free-to-play monetization, loot-box mechanics, and the liberalization and digitization of sports
betting expanded relief-oriented loops—products characterized by variable-ratio reward schedules,
near-miss cues, opaque odds, rapid event cycles, and 24/7 availability (King et al., 2015; Meta-analysis,



2022). These relief-oriented formats disproportionately concentrate harms in online settings (Wardle et al.,
2011) and are amplified by targeted advertising and Al-driven personalization that can exploit transient
stress or boredom (Price, 2020).

Conceptual framing

This paper adopts a predictive-processing and reinforcement-learning frame to interpret how
environments train the brain’s priors about controllability and action—core determinants of the felt sense
of agency. Mastery-oriented contexts provide tight action—outcome contingencies and informative
prediction errors that strengthen model-based control and controllability priors (self-efficacy, deliberate
practice). Relief-oriented products, by contrast, supply high-arousal but low-informational feedback
(variable-ratio rewards, near-misses) that decouple reward from control, elevate dissociative states, and
bias behavior toward model-free (habitual) responding (Clark et al., 2009; Dissociation Review, 2013).
These processes dovetail with classic findings on illusions of control and gambler’s cognitions that sustain
play in chance-dominant settings (lllusion of Control, 2003).

Core research questions

Grounded in these conceptual distinctions, the study addresses three interlinked questions:

1) How do mastery- versus relief-oriented systems differentially shape predictive processing and the
subjective sense of agency?

2) What longitudinal pathways move young men from skill-based gaming into gambling, and how do these
shifts alter the balance between goal-directed (model-based) and habitual (model-free) control?

3) Which design features and contextual factors (e.g., event speed, near-miss salience, continuous
availability, personalization) accelerate or mitigate transitions toward passive, dissociative engagement?

Central hypotheses

Our principal hypothesis is mechanistic: mastery ecosystems—through transparent contingencies and
dense feedback—strengthen model-based control and controllability priors, supporting an agentic stance
in which effort reliably changes outcomes. Relief-oriented products—through variable-ratio rewards,
prominent near-misses, rapid cycles, and opaque odds—decouple reward from actionable feedback,
elevate arousal and dissociation, and promote model-free, short-horizon behavior. We further hypothesize
that specific features (high event speed, salient near-miss signals, 24/7 availability, and personalization
targeting relief states) magnify the shift, whereas mastery-preserving design choices and policy guardrails
can buffer or reverse it (Meta-analysis, 2022; Wardle et al., 2011).

Empirical and practical stakes

Empirical evidence already indicates that harms are concentrated in rapid, continuous digital formats and
are overrepresented among young men (Wardle et al., 2011). Near-miss events recruit reward circuitry in
ways that sustain play despite objective losses (Clark et al., 2009), and dissociative, escape-motivated
gambling is a documented pathway to problem severity (Dissociation Review, 2013). Loot boxes and
simulated gambling correlate with later gambling problems in youth (Meta-analysis, 2022), suggesting a
developmental bridge from game-based chance mechanics to real-money wagering. Yet major gaps
remain—causal tests of feature effects, longitudinal measures of predictive-processing changes, and
cross-cultural variability are all under-researched.

Paper contribution and roadmap

This paper synthesizes cross-disciplinary evidence to (a) articulate a parsimonious mechanistic account
linking product features to shifts in predictive processing and agency; (b) map empirical findings to
sectoral implications (clinical practice, product design, regulation, fintech, education); and (c) propose



feature-level interventions and a research agenda emphasizing longitudinal, multi-modal cohorts that
combine telemetry, cognitive tasks, and neurobehavioral markers.

Structure:

- Section 2 (Background & Context) formalizes key concepts—mastery vs relief, controllability priors,
model-based/model-free control, near-miss effects, and dissociation—and situates historical and
theoretical debates.

- Section 3 (Key Research & Findings) synthesizes empirical results and counterpoints across behavioral,
neuroimaging, cohort, and industry data.

- Section 4 (Case Studies & Practical Applications) translates evidence into actionable strategies for
clinicians, designers, operators, fintechs, educators, and regulators.

- Section 5 (Conclusion & Future Research Directions) identifies priority gaps and proposes concrete
longitudinal and experimental studies to test causal feature effects and early-warning telemetry.

[INSERT CHART: Conceptual Schematic — Mastery vs Relief Pathways]

Caption: Schematic contrasting how tight action—outcome contingencies (left) foster model-based control
and agency, while variable-ratio, high-speed reward structures (right) erode controllability priors and favor
model-free, relief-seeking behavior.

By foregrounding predictive processing and control-related priors, this study aims to move beyond
categorical debates about “gaming vs gambling” toward feature-level, mechanism-based interventions
that protect agency and reduce harm—particularly for young men navigating rapidly converging digital
ecosystems.

Background & Context

Purpose and scope

This section establishes the conceptual vocabulary, theoretical foundations, historical inflection points,
and prior empirical debates that frame the paper’s central questions about how mastery-oriented gaming
and relief-oriented gambling differentially shape predictive processing and the sense of agency. It defines
key constructs used throughout the paper, summarizes relevant empirical findings and controversies, and
identifies the measurement and causal gaps that motivate the study’s longitudinal, feature-level, and
multi-modal research agenda.

1. Key concepts and theoretical foundations

Below are core concepts and the theoretical scaffolding used throughout this paper. Precise
operationalizations are given so subsequent sections can map empirical evidence and design features
onto mechanistic hypotheses.

- Mastery-oriented gaming

- Definition: Play in which outcomes reliably track player effort, strategy, and skill development (e.g.,
ranked esports, competitive ladders, time trials). These environments provide dense, transparent
feedback (match stats, replays, coaching tools), visible learning curves, and structured progression.

- Importance: By supplying informative action—outcome contingencies, mastery contexts reinforce beliefs
that personal actions change outcomes, supporting competence, deliberate practice, and identities of
growth (Problem video game playing..., 2011; Deci & Ryan, 2000).

- Relief-oriented gambling



- Definition: Chance-dominant activity primarily used to regulate mood, escape stress, or seek arousal
(e.g., online slots, rapid in-play micro-bets, social casinos). Rewards are intermittent and largely
uncontrollable; odds are often opaque; cycles are fast.

- Importance: Relief contexts pair affect regulation with low controllability, shifting motivation toward
short-term mood relief at the expense of learning and long-horizon value (Wardle et al., 2011; Price,
2020).

- Predictive processing and controllability priors

- Definition: A framework in which cognition minimizes prediction error by updating internal models and
selecting actions; controllability priors are higher-order beliefs about the extent to which one’s actions can
change outcomes.

- Relevance: Mastery environments generate informative prediction errors that refine internal models
and raise precision on action policies; relief environments produce arousing but low-informational errors
that can downgrade controllability priors and reallocate precision toward short-term cues (Friston, 2010;
see also predictive-processing treatments in computational psychiatry).

- Sense of agency

- Definition: The subjective sense of authorship over actions and outcomes.

- Relevance: Agency increases when action—outcome contingencies are clear, timely, and consistent; it
erodes when outcomes appear random or externally determined. Agency is central to motivation,
self-efficacy, and engagement across learning and clinical contexts (Deci & Ryan, 2000; related empirical
work cited below).

- Model-based vs. model-free control (reinforcement learning)

- Definition: Model-based control uses an internal model to plan actions and anticipate outcomes;
model-free control relies on cached stimulus—response habits.

- Relevance: Mastery contexts foster model-based planning and flexible control; chronic exposure to
relief-oriented gambling biases behavior toward model-free, habitual policies (Daw et al., 2005;
neurocognitive reviews below).

- Variable-ratio reinforcement and near-miss effects

- Definition: Variable-ratio schedules deliver unpredictable rewards that sustain responding; near-misses
are losses that perceptually or emotionally resemble wins and can recruit reward circuitry.

- Relevance: These properties sustain high engagement in gambling-like formats and interfere with
informative learning signals (Clark et al., 2009; Schedule-induced responding in slot machine play, 2003).

- Dissociation versus flow

- Definition: Dissociation is a trance-like, narrowed-attention state marked by time loss and emotional
numbing; flow is a highly absorbing, goal-directed state aligned with a skill-challenge balance.

- Relevance: Mastery environments more often elicit flow (agentic, learning-oriented). Rapid, continuous
gambling environments more often elicit dissociation (passive, relief-oriented), with distinct neural and
behavioral signatures and different implications for wellbeing (Dissociation in pathological gambling:
Review/meta-analysis, 2013).

- lllusions of control and beliefs about randomness

- Definition: Cognitive distortions that attribute outcomes to personal skill or non-causal patterns (e.g.,
gambler’s fallacy, hot-hand beliefs).

- Relevance: lllusions of control sustain persistence in low-controllability environments and are robust
correlates of problem gambling (lllusion of control literature, 2003).



- Loot boxes/gacha and simulated gambling

- Definition: In-game paid random-reward mechanics that mimic wagering structures.

- Relevance: Meta-analytic evidence links loot-box engagement to gambling problems, suggesting these
mechanics can function as developmental bridges from gaming into wagering (Loot-box meta-analysis,
2022).

- In-play/micro-betting and event speed

- Definition: High-frequency wagering during live events (e.g., next point bets) with short decision
intervals.

- Relevance: Faster cycles reduce deliberation, amplify arousal, and increase harm risk; event speed is
a core feature in product risk scoring (Wardle et al., 2011).

- Algorithmic personalization and platform economics
- Definition: Al-driven tailoring of offers, difficulty, and stimuli to maximize engagement or monetization.
- Relevance: Personalization can stabilize mastery (adaptive coaching) or intensify relief loops (targeted
offers during vulnerability), making it a dual-use governance frontier (Potenza & Petry, 2019).

[INSERT CHART: Conceptual Map — Mastery vs Relief Features and Predicted Cognitive Effects]
Caption: Schematic linking product features (contingency, feedback density, event speed, near-miss
salience, personalization) to predicted shifts in controllability priors, model-based/model-free balance, and
experiential states (flow vs dissociation).

2. Historical development and theoretical overview
This subsection situates the present problem historically and conceptually, highlighting technological and
social inflection points that changed how skill- and chance-based loops are experienced and monetized.

- Major historical inflection points

- 2000s—early 2010s — maturation of competitive online gaming and esports: Ranked matchmaking,
analytics, replay systems, and coaching tools institutionalized mastery loops with dense feedback and
visible skill trajectories (Problem video game playing..., 2011).

- Post-2008 (smartphone era) — free-to-play monetization and random-reward mechanics:
Microtransactions and randomized rewards (loot boxes/gacha) normalized chance-driven monetization
inside games aimed at broad audiences (Loot-box meta-analysis, 2022).

- Digital gambling expansion — liberalization and 24/7 availability: Online sportsbooks, in-play
micro-betting, and social casinos increased access and cycle speed; online formats have shown elevated
risk profiles relative to offline gambling (Wardle et al., 2011).

- Neurobehavioral advances — near-miss and dissociation findings: fMRI studies of near-miss events
demonstrate win-like neural responses (Clark et al., 2009), while reviews document dissociation and
trance-like states as a mechanistic pathway to harm (Dissociation meta-analysis, 2013).

- 2018—present — legal expansion, streaming convergence, and influencer marketing: Growth of legal
sports betting and convergence with esports and streaming increased exposure among young men;
influencer and affiliate marketing scaled reach (King et al., 2015; Potenza & Petry, 2019).

- COVID-19 and crisis amplification: Lockdowns and stress increased online time and coping-motivated
gambling for some users (Price, 2020).

- Personalization era — Al-enabled amplification: Algorithmic personalization can now detect
micro-patterns tied to relief states (late-night bursts, chasing) and respond in ways that either protect or
exploit users (ethical and governance implications highlighted below).



- Theoretical scaffolding

- Self-Determination Theory: Mastery contexts satisfy competence and autonomy needs; opaque chance
contexts frustrate these needs and push toward extrinsic, affect-regulating motives (Deci & Ryan, 2000).

- Predictive processing / active inference: Informative errors and clear contingencies increase precision
on action policies (raising controllability priors); random, arousing rewards misallocate precision toward
immediate cues and reduce learning signal utility (Friston, 2010).

- Reinforcement learning and habit formation: Repeated pairing of negative affect and gambling
consolidates model-free policies (“feel bad — gamble — brief relief’), weakening planning systems (Daw
et al., 2005).

- Learned controllability and learned helplessness: Sustained exposure to low-control outcomes can
generalize to reduced effort and agency across domains—implicating work, study, and health behaviors.

- Flow versus trance: Flow requires knowable contingencies and informative feedback; trance-like
dissociation arises in fast, low-information cycles—distinct experiential states with divergent outcomes for
learning and wellbeing.

3. Prior research, empirical contours, and key debates
This subsection organizes what is established in the literature, highlights robust cross-disciplinary
findings, and surfaces the principal empirical controversies that the present study seeks to address.

- What the literature converges on

- Concentration of harm: Harms concentrate in rapid, continuous, digital formats; young men are
overrepresented among those experiencing gambling problems (Wardle et al., 2011; population trend
analyses).

- Mechanistic correlates: lllusions of control, near-miss reward responses (e.g., striatal activation), and
dissociation are reliable mechanisms that sustain engagement despite objective losses (Clark et al.,
2009; Dissociation meta-analysis, 2013).

- Bridges between gaming and gambling: Loot boxes and simulated gambling mechanics are positively
associated with problem-gambling outcomes and predict later gambling participation in youth samples
(Loot-box meta-analysis, 2022; Adolescent gambling review, 2016).

- Erosion of goal-directed control: Prospective cohort and neurocognitive work indicate that
frequent/online gambling, impulsivity, and repeated exposure associate with progression to problem
gambling and with markers of impaired inhibition and habit bias (Swiss cohort, 2018; de Ruiter et al.,
2009; Neurocognitive markers review, 2010).

- Principal debates and unresolved questions

- Skill versus chance: Some gambling forms (poker, analytical sports betting) contain skill elements.
Debate centers on whether skill narratives meaningfully reduce harm or merely mask exposure to
high-speed, chance-dominant micro-bets embedded within broader ecosystems.

- Causality versus selection: Are transitions from gaming to gambling driven primarily by exposure and
design features, or by pre-existing vulnerabilities (impulsivity, ADHD, depression)? Longitudinal and
genetically informed designs are limited, leaving causal direction ambiguous.

- Dissociation’s causal role: Although dissociation is elevated in many problem-gambling profiles, not all
affected individuals report trance-like states. Distinguishing healthy flow from harmful dissociation at
behavioral and neural levels remains an active frontier.

- Cultural, gender, and regulatory variability: Risk trajectories vary by jurisdictional availability, marketing
regimes, and cultural norms around risk and masculinity. Findings from permissive markets do not
automatically generalize.



- Measurement limitations: Many studies rely on self-report measures and symptom scales; few directly
quantify predictive updating, controllability priors, or longitudinal shifts in model-based control across
transitions.

- Gaps this study targets

- Direct, longitudinal measurement: There is a need to measure predictive-processing markers
(controllability priors, learning from prediction errors, model-based control) as individuals move between
mastery and relief contexts.

- Feature-level causal tests: Isolating the effects of event speed, near-miss salience, and feedback
informativeness on agency and habit formation requires randomized, platform-level interventions.

- Early-warning signatures: Telemetry combined with short cognitive probes may identify early pivots
(near-miss overvaluation, shrinking inter-bet intervals, rising dissociation) that forecast a drift toward
relief-driven use.

- Diversity and generalizability: Cross-cultural, gender, and socioeconomic moderators need systematic
study.

- Algorithmic impacts and governance: How personalization amplifies or mitigates relief loops, and what
audit/consent mechanisms are effective, are open policy questions.

4. How the background frames the research purpose and hypotheses
The background above makes explicit why the present study asks the questions posed in the Introduction
and why a predictive-processing lens is informative:

- Conceptual summary

- Mastery-oriented ecosystems—uwith tight contingencies, dense feedback, and visible skill
curves—provide informative prediction errors that strengthen model-based control, elevate controllability
priors, and support identities of competence.

- Relief-oriented products—through variable-ratio rewards, near-miss events, high event speed, opacity
of odds, and persistent availability—decouple reward from controllability, elevate arousal and short-term
mood relief, promote dissociative states, and dilute the informational value of prediction errors, biasing
behavior toward model-free habits.

- Direct link to research questions
- This conceptualization motivates the paper’s three core empirical questions:

1) How do mastery- versus relief-oriented systems differentially shape predictive processing and the
sense of agency?

2) What longitudinal pathways move young men from skill-based gaming into gambling, and how do
these affect goal-directed versus habitual control?

3) Which design features and contexts accelerate—or mitigate—shifts toward passive, dissociative
engagement?

- Testable hypotheses informed by background

- Hypothesis A: Mastery environments will be associated with higher model-based control, stronger
controllability priors, and greater self-reported agency than relief environments, after controlling for
baseline traits (e.g., impulsivity).

- Hypothesis B: Exposure to high event speed, frequent near-misses, and randomized monetization will
predict degradation in controllability priors and a shift toward model-free policies over time.

- Hypothesis C: Feature-level interventions that increase feedback informativeness or slow tempo (e.g.,
reduced spin speed, dampened near-miss cues) will preserve agency markers and reduce dissociative
indicators.



- These hypotheses imply measurable telemetry and cognitive markers (inter-bet interval distributions,
near-miss dwell time, responses on brief agency tasks) that longitudinal cohorts can track.

[INSERT CHART: Feature Risk Matrix — Event Speed x Near-Miss Salience x Feedback
Informativeness]

Caption: A proposed feature-level risk scoring heuristic mapping product characteristics to predicted
erosion of controllability priors.

Concluding remark for this section

The literature reviewed here establishes a coherent, multi-disciplinary foundation: tight action—outcome
contingencies and informative feedback cultivate agency and model-based control, while high-tempo,
low-information, chance-driven mechanics cultivate relief-seeking, dissociation, and habitual responding.
The empirical gaps—particularly causal, feature-level tests and longitudinal measures of predictive
processing—justify the multi-modal, telemetry-integrated research agenda this paper proposes. The next
section synthesizes empirical findings organized around the paper’s core questions and translates them
into sectoral implications and testable interventions.
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Key Research & Findings

Overview

This section synthesizes converging empirical evidence on how mastery-oriented gaming and
relief-oriented gambling differentially shape predictive processing, the sense of agency, and control
systems among young men. The findings cluster into five thematic categories: (1) agency and predictive
control in mastery contexts; (2) reward—control decoupling and dissociation in relief contexts; (3) bridging
mechanics that link gaming to gambling; (4) longitudinal erosion from model-based to habit-based control;
and (5) contextual amplifiers (availability, advertising, crises, personalization). For each theme |
summarize core findings, cite supporting evidence, acknowledge conflicting perspectives, and draw
practical implications. Visual placeholders are provided for figures recommended in the full paper.

Category 1 — Agency and Predictive Control in Mastery-Oriented Gaming
Scope: How tight action—outcome contingencies and dense feedback cultivate model-based control and a
robust sense of agency.

Finding 1.1 — Mastery contexts strengthen agency and model-based control

- Summary: Competitive and ranked play, by providing clear, timely action—outcome feedback and visible
learning curves, support model-based planning, perceived competence, and an agentic stance toward
outcomes.

- Supporting evidence: Correlational and theoretical work links competitive/ranked play to perceived
competence and goal-directed practice (Problem video game playing..., 2011). The self-determination
framework and predictive-processing models explain why informative prediction errors increase precision
on action policies and controllability priors (Background synthesis).

- Conflicting/alternative viewpoints: Mastery contexts are heterogeneous—some players develop
compulsive behaviors or relief motives even within skill-based games (Internet gaming disorder
meta-analysis, 2019). Individual differences (impulsivity, comorbidity) moderate outcomes.

- Implications: Preserving transparent feedback, replayability, and measurable progression
(“mastery-preserving” design) is a plausible preventive strategy to sustain model-based control and guard
against migration toward relief-oriented consumption.

[INSERT CHART: Action—Outcome Contingency Gradient in Digital Activities]
Caption: Composite “agency index” comparing contingency and feedback density across esports,
mixed-monetization games, and chance-based gambling.



Category 2 — Reward—Control Decoupling and Dissociation in Relief-Oriented Gambling
Scope: How variable-ratio schedules, near-misses, and high event speed sustain play in
low-controllability contexts and promote dissociative states.

Finding 2.1 — Variable-ratio and near-miss mechanics sustain play by decoupling reward from
controllability

- Summary: Near-miss events and unpredictable reward schedules maintain responding despite low
informational value for learning, encouraging continued play in the absence of true controllability.

- Supporting evidence: Neuroimaging and behavioral studies show near-misses recruit reward circuitry
and increase motivation similarly to wins (Clark et al., 2009; Gambling Near-Misses Enhance
Motivation..., 2009). Slot-machine and schedule-dependent responding literature demonstrates
persistence under randomness (Schedule-induced responding, 2003).

- Conflicting/alternative viewpoints: Certain gambling formats (e.g., poker, skillful sports-betting) include
genuine skill; some users retain strategic, model-based engagement even when chance is present.

- Implications: Dampening near-miss salience and reducing reliance on variable-ratio monetization are
high-impact levers to reduce misattributed control and interrupt reinforcement of relief-driven behaviors.

[INSERT CHART: Neural Response — Win vs Near-Miss vs Loss]
Caption: Near-miss outcomes elicit reward-circuit activation approaching that of wins despite being
objective losses.

Finding 2.2 — High-speed, continuous formats concentrate dissociative, relief-seeking engagement

- Summary: Rapid cycles and continuous availability amplify absorption and time-loss (dissociation),
which are mechanistically distinct from skillful flow and predict greater harm.

- Supporting evidence: Reviews and meta-analyses document elevated dissociation in pathological
gambling and greater escape motives in online formats (Dissociation in pathological gambling:
Review/meta-analysis, 2013; Wardle et al., 2011).

- Conflicting/alternative viewpoints: Not all problem gamblers report dissociation; motives vary (thrill,
sociality, monetary goals).

- Implications: Event speed and continuity are modifiable product features; session breaks, tempo caps,
and dissociation screening are practical harm-reduction measures.

[INSERT CHART: Dissociation Scores by Gambling Modality]
Caption: Electronic machine play and in-play betting show higher dissociation indices than slower,
discrete draw games.

Category 3 — Bridges Between Gaming and Gambling
Scope: How gambling-like mechanics embedded in games (loot boxes, skins betting, social-casino
features) normalize wagering schemas and predict later gambling involvement.

Finding 3.1 — Loot boxes and simulated gambling correlate with problem gambling

- Summary: Spending on loot boxes and exposure to simulated gambling mechanics is positively
associated with gambling problems and can function as an on-ramp, particularly for adolescents.

- Supporting evidence: Meta-analytic syntheses report small-to-moderate positive correlations between
loot-box spend and problem gambling severity (meta-analysis, 2022). Reviews indicate simulated
gambling predicts later real-money gambling among youth (Adolescent gambling review, 2016).

- Conflicting/alternative viewpoints: Most evidence is correlational; shared vulnerabilities (e.g., impulsivity,
ADHD) may account for associations.



- Implications: Age-gating, transparent odds disclosures, and re-designing monetization away from
randomized rewards reduce developmental normalization of chance-driven reward expectations.

[INSERT CHART: Correlation — Loot-Box Spend vs Problem Gambling Severity]
Caption: Pooled effect sizes indicate a consistent positive association, stronger among younger cohorts.

Finding 3.2 — Esports-related wagering and skin betting ease the transition from play to wagering

- Summary: Betting on esports, skins, and micro-wagers within gaming communities lowers friction to
monetary gambling and exposes young men to relief-oriented betting contexts.

- Supporting evidence: Qualitative and survey studies document common trajectories from intensive
gaming into sports and esports betting among young men (King et al., 2015; Background synthesis).
- Conflicting/alternative viewpoints: Many gamers never migrate to wagering; culture and regulation
moderate pathways.

- Implications: Clear separation of gaming and wagering ecosystems (friction, education, warnings) is
warranted at points where users are likely to transition.

Category 4 — Longitudinal Erosion of Goal-Directed Control in Persistent Gambling
Scope: Developmental and neurocognitive evidence for a shift from model-based (goal-directed) to
model-free (habitual) control with sustained gambling exposure.

Finding 4.1 — Frequency, online accessibility, and impulsivity predict progression to problem gambling
- Summary: High-frequency online gambling and elevated impulsivity in young men forecast escalation
from non-problematic to problematic gambling over time.

- Supporting evidence: Prospective cohort data (Swiss young men) show frequent online gambling and
impulsivity predict later problem gambling (Transition to problem gambling, 2018).

- Conflicting/alternative viewpoints: Causality is complex; pre-existing vulnerabilities partly explain risk
trajectories.

- Implications: Early identification of high-frequency online consumption combined with impulsivity
screening enables targeted prevention (friction, monitoring).

Finding 4.2 — Chronic gambling associates with impaired inhibition and a shift to habitual responding

- Summary: Neurocognitive studies show reduced frontal inhibitory control, elevated cue reactivity, and
markers of habit dominance in pathological gambling.

- Supporting evidence: fMRI and neurocognitive reviews demonstrate inhibition deficits and habit biases
in gambling disorder samples (de Ruiter et al., 2009; Neurocognitive markers review, 2010; Potenza &
Petry, 2019).

- Conflicting/alternative viewpoints: Cross-sectional findings cannot by themselves establish directionality;
longitudinal mechanistic evidence is sparse.

- Implications: Interventions should aim to restore model-based control through graded mastery tasks,
delay-of-reward training, and practices that make effort—outcome contingencies salient.

[INSERT CHART: Model-Based vs Model-Free Control Index by Engagement Type]
Caption: Schematic representation showing higher model-based control in mastery gaming and lower in
relief-oriented gambling.

Category 5 — Contextual Amplifiers and Personalization
Scope: Environmental, marketing, and Al-personalization factors that bias engagement toward
relief-seeking and passive consumption.



Finding 5.1 — Advertising and exposure increase favorable gambling attitudes and intent

- Summary: Gambling advertising exposure is associated with increased positive attitudes toward
gambling and higher intentions/participation, particularly among youth and young adults.

- Supporting evidence: Systematic reviews link ad exposure to riskier gambling cognitions and behaviors
(Effect of exposure to gambling advertisements..., 2017).

- Conflicting/alternative viewpoints: Protective norms and strict ad codes can moderate effects.

- Implications: Restricting ad density, timing, and the use of under-age or youth-appealing influencers
reduces normalization and the upstream flow into relief-oriented products.

Finding 5.2 — Availability, crises (e.g., COVID-19), and stressors shift use toward relief-seeking formats

- Summary: Increased availability of online products and situational stressors lead some users to escalate
into escape-motivated online gambling.

- Supporting evidence: Syntheses of COVID-19—era data indicate increased coping/escape-motivated
online gambling during lockdowns in some jurisdictions (Price, 2020).

- Conflicting/alternative viewpoints: Exposure and stress effects vary across cultures and regulatory
contexts; some regions reported neutral or decreased play.

- Implications: Crisis-sensitive safeguards (automatic cool-offs, spend caps, proactive messaging) should
be default platform features to limit reflexive relief-seeking behavior.

Finding 5.3 — Al-driven personalization is a dual-use amplifier

- Summary: Personalization can either stabilize mastery (adaptive coaching) or intensify relief loops
(targeting vulnerability states with offers/timing).

- Supporting evidence: Theoretical and emerging empirical work point to dual-use risks of algorithmic
tailoring (Background synthesis; industry trends).

- Conflicting/alternative viewpoints: Personalization for safety is feasible but requires transparency and
auditability.

- Implications: Regulatory and ethical frameworks should require explainability, audits, and protective
defaults for personalization systems in high-risk domains.

[INSERT CHART: Product Harm Risk by Event Speed and Near-Miss Intensity]
Caption: Composite feature-risk scores indicate that higher event speed and strong near-miss cues are
primary drivers of harm; availability multiplies exposure.

Cohesion, Contradictions, and Strategic Significance
- Coherent pathway: The empirical picture supports a mechanistic pathway in which tight contingencies
and dense feedback in mastery environments build controllability priors and model-based control;
exposure to chance-rich, high-speed reward systems weakens those priors, elevates dissociation, and
fosters habit-based responding. Bridging mechanics (loot boxes, skins betting, esports wagering)
accelerate transitions for a subset of users, and contextual amplifiers stabilize relief loops.
- Key contradictions and boundary conditions:

- Not all gaming is protective and not all gambling is relief-driven; skillful betting contexts and resilient
individuals complicate generalizations.

- Much of the cross-domain evidence is correlational; longitudinal, feature-level causal experiments are
limited.

- Cultural, regulatory, and gender differences matter: findings from permissive markets may not
generalize globally.
- Strategic significance:

- Policy: Feature-level risk scoring (event speed, near-miss salience, availability) and mandated
transparency can deliver large safety gains.



- Product design: Replacing randomized monetization with mastery-preserving models and instituting
tempo controls reduces harm without banning play.

- Clinical practice: Screening for dissociation/relief motives and restoring mastery experiences align
interventions with underlying predictive-processing mechanisms.

- Industry: Shifting KPIs from raw engagement (time-on-device) to healthy retention and agency metrics
preserves long-term value and reduces reputational/regulatory risk.

Evidence Quality, Limits, and Key Gaps
- Predominant limitations:

- Causality vs selection: Many associations (e.g., loot boxes and gambling problems) are based on
correlational designs, leaving open the role of pre-existing vulnerabilities (impulsivity, ADHD).

- Measurement: Few studies directly measure changes in predictive-processing variables (controllability
priors, model-based indexing) across real-world transitions.

- Longitudinal, mechanistic tests: Randomized platform experiments isolating near-miss intensity or
event speed are scarce.

- Diversity and generalizability: Gender, socioeconomic status, and cross-cultural moderators are
under-represented.
- Immediate research priorities emerging from evidence gaps:

1. Multi-year cohorts combining telemetry, cognitive tasks (model-based/model-free assays), and
psychophysiological/neurobehavioral markers to map agency erosion.

2. Randomized feature-manipulation trials (e.g., varying near-miss salience, event pace) to establish
causal impacts on illusions of control, dissociation, and chasing.

3. Validation of brief in-app classifiers that detect early shifts from mastery to relief (late-night frequency,
shrinking inter-bet intervals, elevated near-miss dwell time).

Summary of Practical Implications (brief)

- Design: Reduce near-miss salience, slow event tempo, replace randomized monetization with
transparent mastery-aligned progression where feasible.

- Clinical: Screen for dissociation and relief motives early; incorporate mastery-restoration modules and
probability literacy into treatment.

- Policy & payments: Age-gate randomized mechanics, enforce odds disclosures, require feature-risk
audits, and enable fintech-level gambling blocks and dashboards.

- Research: Prioritize longitudinal, multi-modal studies and feature-level randomized evaluations.
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Case Studies & Practical Applications

Overview and purpose

This section translates the paper’s theoretical and empirical claims into concrete, real-world examples
and implementable strategies. It (a) presents case studies that illustrate how product, regulatory, clinical,
and financial interventions have changed user trajectories between mastery-oriented engagement and
relief-oriented gambling, (b) maps evidence-informed practical applications across sectors, and (c)
discusses operational, ethical, and policy challenges that arise when preserving agency and minimizing
harm. All recommendations foreground the paper’s central framing: design features that strengthen clear
action—outcome contingencies support model-based control and agency, while features that amplify
variable-ratio rewards, event speed, near-miss salience, and 24/7 availability promote relief-seeking,
dissociation, and habit formation (Clark et al., 2009; Wardle et al., 2011; Dissociation meta-analysis,
2013).

Part A — Case studies: real-world insights

Case study 1 — Fintech friction that interrupts relief loops: Monzo’s gambling block

- Context and problem: Young adults reported late-night, impulsive gambling expenditures that they
described as automatic and dissociative—spending that undermined perceived control and financial
wellbeing.

- Intervention: A banking-led, voluntary “gambling block” that prevents payments to gambling merchants
by default once activated; disabling the block requires a deliberate, time-delayed process.

- Mechanism: Product-level friction interrupts cue-driven, model-free responses (the “feel bad —
automatic bet” loop) and restores a deliberative breakpoint where model-based evaluation can resume.
- Outcomes: Large-scale voluntary uptake; most users retained the block after activation; qualitative
reports suggest fewer binge episodes and increased sense of control (Monzo case reports; industry
rollouts) (Monzo, Year).

- Implications: Friction implemented at the payment-rail level is scalable, respects autonomy (opt-in), and
materially reduces impulsive outflows linked to relief-driven use.

Case study 2 — Regulatory action reshaping reward contingencies: Belgium and loot boxes

- Context and problem: Randomized in-game rewards (loot boxes, gacha) normalized chance-based
spending for minors and blurred gaming—gambling boundaries.

- Intervention: Belgium’s 2018 regulatory enforcement classified certain loot boxes as gambling; affected
publishers either disabled purchases within Belgium or reconfigured mechanics to reduce randomness
and increase transparency.



- Mechanism: Legal reclassification forced changes to reinforcement contingencies (from opaque,
variable-ratio rewards to transparent purchase options), lowering youth exposure to stochastic
monetization that trains wagering expectations.

- Outcomes: Local reductions in youth exposure to randomized monetization; catalyzed global debates
and voluntary industry disclosures of drop rates in multiple jurisdictions (Belgian enforcement, 2018)
(Regulatory report, 2018).

- Implications: Feature-level regulation can selectively remove high-risk reinforcement architectures
without banning gameplay, yielding strong preventive effects for adolescents.

Case study 3 — Voluntary industry monetization changes: transitions away from loot crates

- Context and problem: Mystery/loot-crate models rewarded chance rather than effort, encouraging
intermittent, high-arousal purchases among players.

- Intervention: Major titles (e.g., Rocket League, Overwatch 2) replaced randomized loot crates with direct
purchase systems, blueprints, or battle passes emphasizing transparent progression.

- Mechanism: Shifting to non-random monetization and visible progression restores the linkage between
effort/time and predictable outcomes, supporting agency and model-based engagement.

- Outcomes: Near-elimination of mystery-purchase revenue in focal titles; maintained or recovered
community goodwill and retention through mastery-aligned engagement mechanics.

- Implications: Studios can preserve revenues while reducing harm by substituting chance-based
monetization with transparent, mastery-oriented models.

Case study 4 — Clinical programs that rebuild agency: CBT plus mastery restoration

- Context and problem: Treatment-seeking young men commonly present with dissociation, illusions of
control, and escape-motivated gambling—signs of an erosion of controllability priors.

- Intervention: Outpatient programs combining cognitive-behavioral therapy (CBT), motivational
interviewing, probability education, and graded mastery tasks (skill practice with clear feedback).

- Mechanism: CBT addresses distorted beliefs about randomness and control; graded mastery tasks
provide repeated, informative prediction errors that rebuild action—outcome expectations and perceived
competence.

- Outcomes: Meta-analytic evidence shows CBT reduces gambling severity and cognitive distortions;
integrating mastery-restoration tasks improves perceived control and reduces escape motives (CBT
meta-analyses; de Ruiter et al., 2009).

- Implications: Treatment that combines cognitive restructuring with experiential mastery exercises directly
targets predictive-processing mechanisms implicated in the shift toward habit and dissociation.

Case study 5 — Operator harm-minimization using behavioral signals: Kindred’s reporting and
intervention program

- Context and problem: Operators’ personalization and fast product cycles can intensify relief loops unless
balanced by harm-detection systems.

- Intervention: Public reporting of “harmful revenue” share and use of telemetry-derived markers-of-harm
to trigger proactive messages, spend limits, and outreach (Kindred’s “Journey to Zero” initiative).

- Mechanism: Behavioral signals (rapid bet cadence, chasing patterns, late-night surges) are
operationalized to flag at-risk trajectories and provide just-in-time friction or support.

- Outcomes: Reported reductions in harmful-revenue share across reporting periods; adoption of
markers-of-harm frameworks by other operators and regulators referencing operator transparency
(Kindred, Year).

- Implications: Personalization can be repurposed for prevention if companies adopt audited, transparent
harm-detection and mitigation frameworks.



[INSERT CHART: Case Study Outcomes — Intervention Mechanism vs. Reported Effects]
Caption: lllustrative summary of how product, regulatory, clinical, and operator interventions map to
mechanisms (friction, transparency, mastery restoration, telemetry) and reported outcomes.

Part B — Practical applications across sectors

Below are operationalized, evidence-aligned applications that follow from the paper’s core findings
(near-miss salience, event speed, availability, personalization, and controllability priors). For each
application, | identify context, exemplar actions, main barriers, and opportunities for scale.

1) Clinical care: predictive-processing—informed assessment and treatment
- Context: Mental health clinics and addiction services treating young men with gambling or
gaming-related problems.
- Actions:

- Add brief intake screens for dissociation, relief motives, and illusions of control (e.g., “Do you feel time
passes without awareness while playing/gambling?”).

- Integrate mastery-restoration modules: graded skill tasks (sports drills, coding exercises, strategy
games) with tracked, verifiable feedback dashboards showing progress.

- Combine CBT with probability literacy and in-session interactive demonstrations of randomness vs
controllability.

- Use wearable/telemetry data (with consent) to detect relapse signatures and trigger JITAI (just-in-time
adaptive interventions).
- Barriers: Comorbidity (ADHD, depression), low engagement with therapy, clinician training gaps in
computational constructs.
- Opportunities: Digital therapeutics that adapt difficulty/time-on-task to rebuild controllability priors;
partnerships with esports clubs and educational institutions for low-friction referrals (de Ruiter et al., 2009;
CBT meta-analyses).

2) Game and platform design: preserve agency through monetization and feedback
- Context: Game studios, platform product teams, live-ops managers.
- Actions:

- Replace randomized monetization (loot boxes) with direct purchases, battle passes, mastery-linked
unlocks, and clear odds where chance persists.

- Enhance post-match analytics, replays, and coaching tools so users receive dense, informative
feedback about performance improvements.

- Introduce session pacing controls, default breaks after long continuous play, and “agency reminders”
that emphasize skill learning.

- Adopt KPIs that balance engagement with “healthy retention” and measures of perceived competence
(Problem video game playing..., 2011).
- Barriers: Short-term monetization pressures; A/B testing risk; live-ops complexity.
- Opportunities: Reputation gain, regulatory goodwill, and potentially comparable long-term LTV through
higher-quality retention.

3) Safer gambling product design: slow tempo, dampen near-misses, and increase transparency
- Context: Online sportsbooks, casino platforms, aggregators.
- Actions:

- Implement tempo limits (minimum inter-bet intervals, minimum spin times); cap frequency of in-play
micro-bets.

- Remove or visually/audio-dampen near-miss cues and “almost-win” animations that mimic wins (Clark
et al., 2009).



- Provide plain-language disclosures of odds, house edge, and cumulative loss dashboards; default-on
loss limits and session timers.

- Require pre-wager confirmations for rapid bet formats and escalate friction after chasing signatures.
- Barriers: Competitive market pressures; need to rework UX flows; measuring real-world harm reduction.
- Opportunities: Standardized “harm risk” labels for product types, independent audits, and feature-risk
scoring (Event Speed x Near-Miss Salience + Feedback Informativeness).

4) Fintech and payment rails: payment-level guardrails and consumer foresight
- Context: Banks, neobanks, payment providers, and open-banking platforms.
- Actions:

- Offer default-on or easy opt-in gambling blocks, with time-delayed disable flows that create friction for
impulsive disablement.

- Provide loss-trajectory visualizations showing long-horizon cumulative spending vs short-term relief,
and send proactive alerts when chasing-like patterns emerge.

- Enable cross-provider, regulator-endorsed blocks and shared lists of merchant categories to increase
efficacy.
- Barriers: Customer autonomy concerns, false positives, privacy and data-sharing regulations.
- Opportunities: Scalable public-health layer through payment rails; complement regulatory and clinical
interventions.

5) Esports, universities, and workplaces: prevention via education and structural policy
- Context: Esports organizations, university athletic departments, workplaces with young male
populations.
- Actions:
- Implement brief screening (PGSI-lite or dissociation items) and mandatory workshops distinguishing
mastery-driven analysis from betting behavior.
- Prohibit on-campus/sub-brand gambling sponsorships or require clear separation and disclaimers.
- Offer alternative mastery outlets (coaching, analysis labs, competitive but non-monetized
tournaments).
- Barriers: Sponsorship revenue dependencies; normalization among fans and athletes.
- Opportunities: Peer-led prevention programs, integration into athlete welfare protocols, and reduced
normalization of gambling via institutional norms.

6) Advertising and influencer standards: reduce youth exposure and misleading messages
- Context: Regulators, platforms, and creators.
- Actions:

- Age-gate gambling ads in line with reach data; prohibit under-25 talent from promoting gambling
products; mandate odds and house-edge disclosures in promotions.

- Ban creative elements that imply heightened controllability (e.g., “hot streak” narratives) and
near-miss-like visuals.

- Require platforms to log and publish youth-exposure metrics for gambling ads.
- Barriers: Cross-border enforcement complexity; affiliate marketing opacity.
- Opportunities: Platform-level controls and standardized reporting reduce normalization of relief-oriented
gambling among young men (Ad exposure review, 2017).

7) Al-personalization guardrails: detect and respond to predictive-state shifts
- Context: Any personalized digital environment (games, betting, streaming, social platforms).
- Actions:



- Build classifiers that flag shifts from exploratory/skillful engagement to repetitive, relief-seeking patterns

(features: late-night bursts, shrinking inter-bet intervals, chasing sequences, reduced pause rates).

- Trigger graduated interventions: informational nudges, friction (cooling-off), offers to switch to
mastery-based content, or connection to support resources.

- Institute independent audits and transparency reports for personalization systems that touch
gambling-related behaviors.
- Barriers: Privacy, consent, adversarial optimization by revenue teams.
- Opportunities: Usefulness as both preventive tool and research data source for longitudinal studies
measuring predictive-processing shifts.

Part C — Challenges, trade-offs, and ethical considerations

1) Scalability and equity

- Smaller studios, clinics, and regulators may lack resources for telemetry, Al audits, or sophisticated
clinical modules. To scale, prioritize lightweight, open-source tools (standardized checklists, shared
screeners, modular APIs for payment-blocking).

- Interoperability across banks/wallets increases effectiveness; siloed solutions reduce impact.

2) Dual-use personalization and consent

- Personalization can both protect and exploit. Ethical deployment requires explicit informed consent,
clear opt-in/opt-out choices for safety features, and independent auditability to ensure interventions are
protective rather than covertly manipulative.

3) Balancing autonomy and paternalism

- Frictions (blocks, delays, caps) should respect user autonomy while recognizing that decision
architecture affects behavior. Use opt-in defaults where possible, combined with easy-to-understand
advice and reversible settings.

4) Avoiding over-pathologizing recreational use
- Not all engagement is harmful. Screening should be motive- and harm-focused (escape/dissociation,
financial/social harms) rather than criminalizing high-but-non-harmful play.

5) Regulatory and enforcement complexity

- Jurisdictional variations in definitions and enforcement capacity complicate harmonized policy.
Feature-based risk scoring (speed, near-miss salience, availability) offers a transportable framework that
can be adapted locally.

Part D — Operational metrics, visualizations, and monitoring
Decision-makers should instrument and monitor a concise set of telemetry and self-report markers that
operationalize the paper’s theoretical constructs. Example metrics:
- Behavioral markers:

- Inter-bet interval distribution and median (shortening is a risk marker).

- Near-miss exposure count per session and dwell time on near-miss feedback.

- Late-night session ratio (e.g., percent of sessions starting after 22:00).

- Chasing signature index (sequence of increasing stake after losses).
- Subjective markers:

- Brief dissociation item score (e.g., time-losing episodes per week).

- Relief-motive prevalence (self-reported “I play to forget problems”) from periodic micro-surveys.
- System-level KPlIs:

- Share of revenue attributable to accounts with markers-of-harm.



- Uptake and retention of protective defaults (e.g., gambling blocks).
- Intervention efficacy: post-intervention reduction in short-term chasing behaviors and long-term
reduction in flagged sessions.

[INSERT CHART: Product Harm Risk by Event Speed and Near-Miss Intensity]
Caption: Conceptual risk surface showing higher harm risk with faster cycles and stronger near-miss
salience.

[INSERT CHART: Engagement Shift Markers — From Mastery to Relief]
Caption: Behavioral signature features (inter-bet interval, late-night ratio, chasing index) that correlate
with an erosion of controllability priors.

Part E — Actionable recommendations (priority list)

The following recommendations are prioritized for impact and feasibility; each recommendation ties
directly to mechanisms identified in the evidence base (near-miss effects, variable-ratio reinforcement,
dissociation, and controllability priors).

Recommendation 1 — Redesign monetization to prioritize mastery
- Actions:

- Remove or age-gate loot boxes for under-18s; where chance remains, publish drop rates and provide
pre-purchase previews.

- Replace randomized monetization with direct purchase and mastery-linked progression (battle passes,
skill unlocks).

- Track and report “agency” and “healthy retention” metrics alongside revenue figures.
- Rationale: Randomized monetization normalizes chance-based reward expectations, increasing risk of
later gambling-related harm (Loot-box meta-analysis, 2022).

Recommendation 2 — Implement agency-preserving friction in high-risk contexts
- Actions:

- Enforce minimal inter-bet intervals, cooldowns after consecutive bets, and session breaks.

- Visually and audibly dampen near-miss cues; remove “almost won” motifs.

- Default-on spend caps, session timers, and late-night prompts; escalate friction for chasing patterns.
- Rationale: Slowing tempo and interrupting dissociative loops restores deliberation and reduces
model-free, habitized responding (Clark et al., 2009).

Recommendation 3 — Center dissociation and relief-motives in clinical workflows
- Actions:
- Add dissociation items and control-illusion measures to intake screens.
- Deliver mastery-restoration modules (graded tasks with measurable feedback) early in treatment.
- Use telemetry-informed JITAI to offer in-the-moment support for relapse signatures.
- Rationale: Dissociation is mechanistically distinct from flow and predicts harm; addressing it accelerates
recovery of agency (Dissociation meta-analysis, 2013).

Recommendation 4 — Establish feature-risk audits and ad hygiene
- Actions:

- Mandate feature-level risk scoring (e.g., Event Speed x Near-Miss Salience + Feedback
Informativeness) and publish product risk labels.

- Restrict advertising exposure during high-risk windows and ban influencers under a specified age from
gambling promotion.



- Require operators to submit anonymized telemetry for independent harm audits.
- Rationale: Feature-level policy is more targeted and transportable than blunt category bans and
addresses the core mechanics that erode controllability priors (Ad exposure review, 2017).

Recommendation 5 — Deploy fintech safeguards by default
- Actions:

- Provide default-on gambling blocks, cross-provider interoperability, and cumulative-loss visualizations
in banking apps.

- Trigger supportive nudges or temporary freezes upon chasing/loss spikes.
- Rationale: Payment-rail interventions reduce impulsive financial flows and serve as scalable
harm-minimization layers (Fintech case evidence).

Part F — Future research levers relevant to applied practice

Operational deployments should be paired with rigorous evaluation. Key field-facing research priorities:
- Randomized platform experiments toggling near-miss salience and event tempo to estimate causal
effects on chasing, dissociation, and perceived controllability.

- Multi-year cohorts combining telemetry, cognitive tasks (model-based vs model-free assays), and
dissociation scales to measure how controllability priors evolve with exposure.

- Trials of Al-personalization guardrails (consent-based) to test efficacy, transparency impacts, and user
autonomy outcomes.

- Cross-cultural and gender-stratified evaluations of interventions (banks, game design changes,
regulations) to ensure equitable effectiveness.

Concluding synthesis for practitioners

- Mechanistic premise: interventions that restore or preserve tight action—outcome contingencies,
increase transparency, slow product tempo, and apply calibrated friction reduce the likelihood that
mastery-oriented engagement will drift into relief-oriented, habitized consumption.

- Scalability principle: embed protective defaults at systemic points of leverage (payment rails, platform
defaults, ad ecosystems) while providing agency-preserving choices and transparent information.

- Ethical imperative: adopt audited personalization and opt-in protective defaults so that data and Al serve
to protect agency rather than to exploit relief-seeking states.
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- Replace placeholder “(Author, Year)” entries above with complete citations in the References section of
the final paper.

- Where telemetry or A/B test data are referenced, replace illustrative statements with measured values
from operational deployments when available.

- Visual placeholders are intended for designers to map telemetry outcomes to the conceptual risk
surfaces described.

— End of Case Studies & Practical Applications section —
Challenges & Ethical Considerations

This section summarizes the principal methodological, practical, regulatory, and moral challenges that
arise when studying and acting on the shift from mastery-oriented gaming to relief-oriented gambling, and
it outlines ethical tensions and mitigation strategies. The discussion draws on empirical findings (e.g.,
near-miss neural responses, dissociation meta-analyses, loot-box correlations, cohort work on young
men) to show why particular safeguards and research standards are needed and where trade-offs are
unavoidable. Wherever evidence is cited below, an inline placeholder is provided (Author, Year); full
references follow the section.

1. Evidence and measurement challenges
- Limited direct measurement of predictive processing and agency: Core constructs in the
paper—controllability priors, model-based vs. model-free control, and the distinction between flow and
dissociation—are often inferred rather than directly measured in longitudinal, real-world datasets. Most
epidemiological work relies on symptom scales and self-report, which constrains causal inference (Author,
Year).

- Ethical implication: Interventions based on weak or proxy measures risk mis-targeting individuals (false
positives/negatives), with attendant harms (unnecessary restriction or missed protection).

- Practical response: Prioritize mixed-method, multi-modal measurement (telemetry + cognitive tasks +
brief behavioral probes) and pre-specify thresholds and validation procedures before deploying
interventions.

- Heterogeneity and ecological validity: “Gaming” and “gambling” are heterogeneous—some competitive
gaming fosters mastery, but other gaming contexts include relief motives; some betting forms include skill
(e.g., long-term sports analytics). Cross-sectional and lab studies may not generalize across titles,
platforms, cultures, or demographic groups (Author, Year).

- Ethical implication: Overbroad policies or blunt design rules may stigmatize benign activity or
disproportionately burden communities with different cultural norms.

- Practical response: Use feature-level risk scoring (event speed, near-miss salience, availability) rather
than categorical bans; require jurisdiction- and population-specific piloting.

- Causality and selection effects: Correlations between loot-box spend and problem gambling, or between
online exposure and higher harms, can reflect pre-existing vulnerabilities (impulsivity, ADHD,
socio-economic stress) as well as causal effects of product features (Author, Year).

- Ethical implication: Treating correlational associations as causal can lead to paternalistic or punitive
policies that misallocate resources.

- Practical response: Invest in longitudinal, quasi-experimental, and randomized feature-level trials, and
apply conservative inference when informing policy.

2. Privacy, consent, and data governance



- Intensive telemetry and algorithmic phenotyping are needed to detect early shifts (e.g., shrinking
inter-bet intervals, prolonged late-night sessions), but these require sensitive behavioral metadata and
potentially health-relevant inferences.
- Ethical risks: Surveillance, mission creep, re-identification, and misuse (commercial or
law-enforcement) of data; differential privacy burdens on marginalized groups.
- Mitigation principles:
- Data minimization and purpose limitation: collect only what is necessary for an explicitly defined
harm-reduction objective.
- Independent oversight and auditable logging of access and model decisions.
- Strong, easy-to-understand consent flows and options for users to opt out of profiling for non-essential
personalization.
- Use of privacy-preserving analytics (aggregation, differential privacy) where possible.

- Children and minors: Many at-risk individuals are adolescents. Telemetry-based monitoring, opt-out
defaults, and targeted interventions raise special consent and assent questions, both legally and ethically.
- Ethical requirement: Apply heightened protections for minors (default-on safety features,
parental/guardian involvement consistent with best practices, limit retention of minors’ data) and avoid
covert profiling of children.
- Practical note: Age-gating and identity verification are imperfect; policy must plan for enforcement

gaps.

3. Algorithmic personalization: protection vs. manipulation
- Dual-use problem: The same personalization systems that can detect relief-seeking states and deliver
protective friction can also be optimized to exploit those states (e.qg., targeted offers during periods of
stress) (Author, Year).
- Ethical tension: How to balance user autonomy and paternalism? How to ensure systems intended for
harm reduction are not repurposed for monetization?
- Governance responses:
- Require independent algorithmic audits for systems that intervene on or exploit inferred vulnerabilities.
- Mandate transparency about the objectives being optimized (e.g., revenue vs. wellbeing) and provide
users with understandable explanations of high-risk interventions.
- Limit or prohibit personalization that targets vulnerable states (late-night, immediately post-loss,
during documented stress episodes).

4. Industry incentives and commercial resistance
- Business model conflict: Many current monetization strategies (time-on-device, variable-reward
monetization) directly reward designs that increase event speed, near-miss salience, and continuous
availability—exactly the features associated with harms (Author, Year).
- Ethical consequence: Voluntary industry measures may be insufficient; reliance on industry
self-regulation risks under-protection.
- Practical constraints: Small studios, platforms, and operators may lack the financial margin to rework
live services or accept short-term revenue dips.
- Policy/market levers:
- Use feature-level regulation (e.g., caps on micro-bet frequency, disclosure requirements) rather than
only category bans to raise the floor.
- Offer incentives and certification (regulatory relief, consumer trust labels) for “mastery-preserving”
monetization approaches to offset short-term revenue risk.

5. Regulatory and enforcement challenges



- Cross-jurisdictional variation: Platforms operate globally; what is regulated in one jurisdiction (e.g.,
loot-box bans) may remain permitted elsewhere, creating enforcement and fairness issues (Author, Year).
- Ethical concern: Young people in permissive jurisdictions experience higher normalization and
exposure, producing unequal risk burdens.
- Practical response: Harmonize baseline protections (age limits, odds disclosures, minimum spin times)
through multi-national standards bodies and interoperable compliance tools.

- Measurement and accountability: Regulators require objective metrics to assess risk and compliance;
however, standardized “harm markers” are still emerging.

- Ethical implication: Without agreed-upon indicators, enforcement is inconsistent and can be legally
contested.

- Proposed approach: Define and mandate a minimum feature-risk score (Event Speed x Near-Miss
Salience + Feedback Informativeness), accompanied by transparent calculation methods and audit rights.

6. Clinical and treatment ethics
- Identification and labeling: Screening for dissociation, relief motives, and control illusions can help
clinicians target interventions (Author, Year). But labeling carries stigma, employment and insurance
implications, and may deter help-seeking.
- Ethical balancing act: Screen early while protecting confidentiality and avoiding pathologizing leisure.
- Best practices:
- Use brief, validated screening tools with clear thresholds for referral.
- Couple screening with access to non-stigmatizing, skills-based interventions (mastery restoration,
probability education).
- Protect patient data under health-data standards and provide explicit consent for data sharing.

- Intervention selection: Interventions that restore agency (graded mastery tasks, JIT digital prompts) may
be effective, but require testing for unintended harms (e.g., provoking relapse, shame).

- Ethical duty: Pilot interventions under clinical oversight, with built-in safety monitoring and rapid
rollback procedures.

7. Youth protection and advertising ethics
- Marketing and influencers: Gambling advertising increases favorable attitudes and intentions among
youth; influencer and affiliate marketing blur commercial boundaries (Author, Year).
- Ethical concerns: Exploitation of aspirational role models and covert ads that bypass age-gates.
- Policy responses:
- Prohibit gambling promotions with under-25 talent in key channels; require clear, on-screen
odds/disclosures and age-gates.
- Enforce transparency for affiliate links and sponsorships and require platforms to flag paid promotions
conspicuously.

8. Equity, access, and unintended harms of protective measures
- Access to harm-mitigation tools: Fintech gambling blocks and counseling should be accessible, but may
be unavailable to unbanked or informal-payment users.

- Ethical risk: Protective measures could create inequality if only some socio-economic groups can
access them.

- Mitigation: Promote interoperable, low-cost tools (regulator-certified blocks, community-based
counseling), and consider subsidized programs.



- Over-reach and paternalism: Default-on friction (e.g., mandatory blocks) can impinge on adult autonomy
and legitimate recreational use.

- Ethical stance: Use proportionality—higher-friction defaults for high-harm, high-speed formats and for
users identified as at risk; allow transparent opt-out for low-risk adults with informed consent.

9. Research ethics for longitudinal and telemetry studies
- Burden and risk: Longitudinal cohorts that combine telemetry, cognitive testing, and neurobehavioral
markers (recommended in earlier sections) can be intrusive and may inadvertently trigger problematic
behavior by highlighting monitoring (Author, Year).
- Ethical requirements:

- Obtain informed consent (and assent for minors) with explicit explanation of data uses and risks.

- Build participant safeguards: debriefing, referral pathways for detected harm, and options to pause
monitoring.

- Data stewardship: secure storage, predefined retention periods, and controlled researcher access.

- Conflict of interest and funding sources: Industry-funded research or data access agreements risk
influencing study design and interpretation.

- Ethical safeguard: Pre-register studies, require full disclosure of funding and data-use agreements, and
prioritize independent replication.

10. Distinguishing flow from dissociation: conceptual and ethical complexity
- Scientific ambiguity: Flow and dissociation can share superficial phenomenology (absorption, time
distortion) but have different implications for agency and harm (Author, Year).

- Ethical consequence: Misclassifying flow as pathology may unnecessarily restrict beneficial activities;
misclassifying dissociation as normal engagement may miss harms.

- Research imperative: Develop validated, brief behavioral/neural classifiers and ensure that policy or
product interventions rely on robust discrimination signals.

11. Unintended consequences and trade-offs
- Revenue displacement and black markets: Banning certain monetization (e.g., loot boxes) without viable
alternatives may fuel gray markets or shift consumer spend to less regulated channels.

- Ethical consideration: Policy should be complemented by economic transition supports (incentives,
certification schemes) to avoid driving harms underground.

- Chilling innovation: Heavy-handed rules could discourage beneficial uses of personalization (adaptive
coaching that genuinely restores mastery).

- Balance: Differentiate between personalization objectives; permit and incentivize wellbeing-focused
personalization while restricting exploitative optimization.

12. Ethical design and governance principles (recommended)

To navigate the ethical landscape and guide implementation, the following principles are recommended:
- Precaution and evidence gradation: Prioritize protective action for features with strong mechanistic
evidence of harm (near-miss salience; ultra-fast event cycles) while investing in trials for less-certain
interventions.

- Transparency and contestability: Require explainable disclosures for personalization objectives, risk
scores, and intervention triggers; provide user-accessible contest mechanisms.

- Least-restrictive, proportionate interventions: Favor interventions that restore agency (friction,
transparency, mastery alternatives) over blanket bans unless harms are clear and severe.



- Independent oversight and auditability: Establish independent bodies to audit feature-risk scores,
algorithmic interventions, and claims about harm reduction.

- Equity and youth-first protections: Default stronger protections for minors and ensure interventions are
accessible across socio-economic groups.

- Research ethics and public benefit: Pre-register studies, disclose conflicts of interest, and ensure
data-use aligns with public-health goals.

13. Practical implementation challenges and near-term mitigation
- Resource constraints: Smaller studios, clinics, and regulators may lack capacity for telemetry, audits, or
program redesign.

- Near-term mitigation: Publish open-source toolkits (risk-scoring templates, checklists), create
subsidized audit services, and establish shared data standards to lower implementation cost.

- Cross-sector coordination: Effective protection requires coordination among regulators, platforms,
banks, and health services.

- Near-term mitigation: Create cross-sector working groups and minimum data-exchange protocols with
strong privacy safeguards.

- Enforcement and monitoring: Even with rules, consistent enforcement is difficult, especially across
borders.

- Near-term mitigation: Use platform-level incentives (consumer trust labels), public reporting
requirements, and industry transparency mandates to strengthen compliance.

Conclusion: balancing protection, autonomy, and evidence

The shift from mastery-oriented gaming to relief-oriented gambling raises complex ethical questions that
intersect privacy, autonomy, commercial incentives, youth protection, and research integrity. Solutions
must be multi-layered: rigorous evidence-generation (longitudinal, feature-level trials), strong data
governance and consent, principled algorithmic oversight, proportionate regulatory action focused on
high-risk features, accessible harm-mitigation tools, and attention to equity. Where trade-offs exist—e.g.,
protection vs. adult autonomy, or regulation vs. innovation—decision-makers should apply the
precautionary principle to features with robust mechanistic harm signals (e.g., near-misses, ultra-fast
cycles) while enabling and incentivizing designs that preserve or restore agency (mastery-aligned
monetization, transparent feedback). Independent audits, cross-sector coordination, and protected
research pathways will be critical to ensure well-intended interventions do not create new harms.

[INSERT CHART: Ethical Trade-offs Matrix — Protection vs. Autonomy vs. Innovation]
Caption: Schematic mapping of common interventions (e.g., mandatory blocks, opt-in friction, fines,
feature bans) against primary ethical tensions and likely unintended consequences.
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Conclusion & Future Research Directions
Conclusion — Synthesis and Implications

This paper synthesizes converging evidence that two distinct digital training regimes—mastery-oriented
gaming and relief-oriented gambling—systematically shape young men’s predictive processing and sense
of agency in different directions. Mastery contexts (ranked play, dense feedback, visible skill trajectories)
reinforce controllability priors, strengthen model-based planning, and foster agentic states closely aligned
with flow and deliberate practice (Problem video game playing..., 2011). Relief-oriented formats
(variable-ratio rewards, salient near-misses, high event speed, opaque odds) instead decouple outcomes
from controllability, amplify arousal and short-term mood regulation, and promote dissociative, habitual
responding (Clark et al., 2009; Dissociation in pathological gambling..., 2013). Blended mechanics—loot
boxes, skins/esports betting, social-casino features—act as developmental bridges that normalize
chance-based reward schemas and correlate with later gambling problems (Loot-box meta-analysis,
2022; Adolescent gambling review, 2016). Harms concentrate in rapid, continuous, online formats and are
disproportionately represented among young men (Wardle et al., 2011).

These conclusions have cross-sector significance. Clinicians should prioritize dissociation and relief
motives in screening and rebuild agency through mastery-restoration interventions. Designers and
platforms can preserve informative feedback and slow or de-emphasize chance-driven cues. Regulators
can target high-harm features (event speed, near-miss salience, personalization that times offers to
vulnerability states) rather than relying solely on category bans. Fintechs and payment rails have a
scalable role via default friction and gambling blocks (Case study: Monzo). The economic case is also
clear: shifting KPlIs from time-on-device to healthy retention and trust mitigates long-term reputational and
regulatory risks for industry.

Limitations and Outstanding Uncertainties
Despite converging signals, important uncertainties remain:

- Causality versus selection. Many links (e.g., loot-box purchases < problem gambling) are correlational;
shared vulnerabilities (impulsivity, ADHD, depression) may drive both exposure and escalation.
Longitudinal, pre-exposure measurement is scarce (Transition to problem gambling cohort; Swiss cohort,
2018).

- Mechanistic measurement gaps. Direct, longitudinal markers of predictive-processing constructs
(controllability priors, precision-weighting of prediction errors, shift from model-based to model-free
control) are rarely captured in field datasets.



- Feature-level causation. The unique causal impact of specific features (near-miss intensity, event speed,
continuous availability, personalization) has not been tested experimentally at scale in naturalistic
platforms.

- Population generalizability. Most longitudinal cohorts and harm estimates come from a limited set of
markets and skew male; cross-cultural and gender differences require systematic study.

- Al and algorithmic effects. Personalization can either stabilize mastery (adaptive coaching) or exploit
relief-seeking states; standards for audits, consent, and transparency are underdeveloped.

A prioritized research agenda—short, medium, and long term

To address these gaps and translate findings into effective prevention, treatment, design, and policy, |
propose a focused, multi-modal research program organized by near-term (1-2 years), medium-term (3-5
years), and long-term (>5 years) priorities.

Near term (1-2 years): Build measurement standards and run feature-level randomized field experiments
- Objective 1 — Standardize core measures and telemetry:

- Convene a consortium to define a minimum battery for studies and platform audits, including:

- Self-report scales: short dissociation scale, illness-of-control/ gambling-cognition items, PGSI-lite,
motive items (relief vs mastery).

- Behavioral/cognitive tasks: two-step model-based/model-free task or tractable proxies,
stop-signal/inhibition tasks, simple probability-discrimination tasks.

- Telemetry metrics: inter-bet/spin intervals, session length, time-of-day, near-miss exposure counts,
purchase timing, chase sequences (increasing bet sizes after loss).

- Passive physiology/sensing (optional): heart-rate variability, actigraphy for sleep disruption.

- Rationale: Common measures enable comparability, meta-analysis, and harmonized audits across
platforms and studies.

- Objective 2 — Randomized platform feature experiments:

- Partner with game studios and operators to run randomized A/B tests manipulating single features
(e.g., near-miss salience on/off; minimum event duration; presence/absence of near-miss visuals; odds
transparency vs obscured).

- Outcomes: immediate behavior (persistence, pause/quit rates, spend), short-term cognitive markers
(post-session illusions-of-control items), and downstream chasing behaviors.

- Ethics: pre-registration, informed consent where feasible, independent oversight, and debriefing for
participants exposed to high-risk conditions.

- Rationale: These experiments directly test causality at the feature level and deliver actionable design
guidance.

Medium term (3-5 years): Multi-year, multi-modal cohorts and intervention trials
- Objective 3 — Prospective cohort integrating telemetry, cognitive markers, and neurobehavioral
endpoints:
- Design: 3-year cohort of 3,000-5,000 adolescents/young adults (oversample male participants and
at-risk groups), recruited across diverse jurisdictions.
- Data streams:
- Continuous telemetry via consenting platform partnerships or participant-provided logs (gameplay,
wagering).
- Quarterly cognitive assessments (model-based/model-free tasks, probability learning), dissociation
and motives, mental-health screens.
- Annual neurobehavioral sub-sample (EEG or fMRI for signatures of near-miss processing and flow vs
dissociation).



- Administrative checks: banking/payment flagging for gambling spend if consented.

- Primary aims: map trajectories from mastery to relief orientation; quantify how controllability priors and
model-based control evolve; identify early-warning behavioral signatures predictive of later harm.

- Rationale: Longitudinal, multi-modal data are necessary to disentangle selection from causal exposure
effects and to validate telemetry-based risk detectors.
- Objective 4 — Randomized controlled trials of mastery-restoration and fintech interventions:

- Interventions to test:

- Digital mastery-restoration program: graded skill tasks (game-based or real-world), feedback
dashboards linking effort—improvement, brief probability literacy modules, and mindfulness for
dissociation.

- Fintech default blocks + spending dashboards: test uptake, impact on impulsive spend, relapse rates,
and subjective agency.

- Design: RCTs embedded in clinical settings and in community samples identified as high-risk by
telemetry or screening.

- Outcomes: changes in model-based control on cognitive tasks, reduction in dissociation and
relief-motivated play, clinical gambling severity, and objective spend reduction.

- Rationale: Demonstrate pathways to restore agency and reduce harm in ecologically valid contexts.

Long term (>5 years): Cross-cultural, genetically informed designs and regulatory evaluation
- Objective 5 — Genetically informed, cross-cultural longitudinal studies:

- Aim: quantify interaction of predispositional risk (genetic liability for impulsivity/addiction),
cultural/regulatory context, and product exposure on trajectories of agency erosion.

- Design options: twin registries, sibling designs, or population cohorts coupled with detailed exposure
measurement.

- Rationale: Resolve selection versus causal exposure debates and identify moderating environmental
levers.

- Objective 6 — Regulatory policy trials and algorithmic audit frameworks:

- Implement and rigorously evaluate jurisdiction-level policy experiments (e.g., mandated near-miss
removal, event-speed caps, mandatory odds disclosures, age-gate enforcement).

- Develop and field-test independent algorithmic audit protocols that assess whether personalization
systems are amplifying relief-seeking patterns, and evaluate the effect of mandated guardrails (e.g., no
targeting by time-of-day or vulnerability markers).

- Rationale: Provide robust evidence for feature-level and algorithmic regulation and evaluate
downstream public-health impacts.

Specific methodological and measurement recommendations

- Core outcome constructs and suggested measures:

- Controllability priors: short forced-choice tasks measuring perceived action—outcome efficacy;
questionnaires probing generalized control beliefs in digital contexts.

- Model-based/model-free balance: two-step decision tasks or validated short proxies; computational
modeling to estimate parameter changes longitudinally (e.g., model-based weight).

- Dissociation: short validated dissociation subscale adapted to digital engagement (time loss, narrowed
attention, emotional numbing).

- lllusions of control: vignette-based assessments and in-task judgments after stochastic outcomes (e.g.,
estimate of win probability following near-miss).

- Behavioral telemetry: inter-event interval distributions, reward/payout-following behavior, escalation
patterns (chasing), late-night session density.



- Physiological arousal: HRV and startle/skin conductance markers in lab substudy to link arousal peaks
to near-miss exposures.

- Analytical approaches:

- Combine hierarchical computational models (to estimate within-person shifts in learning/precision) with
survival and latent-trajectory models (to identify tipping points).

- Use causal inference frameworks (instrumental variables from randomized feature toggles,
difference-in-differences for policy experiments) to establish causality.

- Validate telemetry-based risk classifiers with prospective outcomes and clinical endpoints.

Ethical, legal, and practical safeguards

- Participant protection and consent:

- Full transparency and informed consent for all data collection; staged consent for sensitive data
(banking, payments).

- De-identification and secure data governance; data minimization consistent with research aims.
- Avoiding stigmatization:

- Frame research and interventions to preserve recreational autonomy for low-risk users; target supports
proportionately based on validated markers.
- Industry partnerships and independence:

- Ensure independent oversight for experiments run in commercial platforms; pre-registered protocols
and public reporting of outcomes to avoid selective publication.
- Regulatory alignment:

- Engage regulators early when testing policy variations; align data sharing with public-health mandates
and privacy law (e.g., GDPR equivalents).

Priority research questions (concrete formulations)

1. Do controllability priors measurably decline following sustained exposure to high near-miss intensity
and high event speed, and can that decline predict later problem gambling onset? (Test via cohort +
randomized feature exposure.)

2. Which product feature edits (near-miss dampening, minimum spin time, event-pace caps, odds
transparency) produce the largest reductions in dissociation, chasing, and downstream harm per unit
cost? (Test via platform RCTs.)

3. Can mastery-restoration interventions (digital skill ladders with transparent feedback) produce durable
increases in model-based control and reductions in relief-motivated gambling? (Test via clinical and
community RCTs.)

4. What are robust, privacy-preserving telemetry signatures that predict a pivot from agentic to
relief-driven engagement with sufficient lead time for just-in-time interventions? (Test via cohort model
development and prospective validation.)

5. How does Al personalization alter the risk landscape: what algorithmic features (timing, contextual
targeting, reward scheduling) produce disproportionate harm, and what audit standards mitigate these
effects? (Test via audit frameworks and policy trials.)

A roadmap for coordination and impact
- Build an international consortium (researchers, clinicians, platform partners, regulators, funders, patient

advocates) to:
- Agree measurement standards and a shared codebook.



- Broker safe, consented data access from platforms and fintech partners.

- Fund and oversee multi-site cohort and intervention studies with independent ethics oversight.
- Prioritize funding for: (a) feature-level randomized platform experiments; (b) multi-year telemetry-linked
cohorts; and (c) intervention RCTs combining fintech and therapeutic components.
- Create an independent algorithmic audit body that can certify personalization systems against
harm-minimization standards and publish risk labels for products (feature-risk scores).

Closing call to action

The evidence consolidated in this paper points to a tractable, feature-driven problem: design and
contextual features—not only individual vulnerabilities—substantially shape whether digital engagement
trains agency or erodes it toward relief-seeking, dissociative consumption. Addressing this requires
coordinated, multi-method research that couples experimental feature tests, long-horizon cohorts, and
rigorously evaluated interventions. Doing so will permit evidence-based regulation, safer product design,
scalable fintech harm-reduction, and clinical strategies that restore agency for affected young people. The
research priorities above form a pragmatic roadmap: implement measurement standards now, run
targeted feature experiments immediately, and invest in multi-year longitudinal and interventional efforts to
generate causal, generalizable solutions that preserve mastery and reduce harm.
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