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Abstract—Probability is taught not only in the classroom, but
also in more mundane probability games such as board
games, lotteries, and gamified consumer goods. Such contexts
can enhance intuition regarding randomness, but they can
also increase biases in thinking, like the gambler’s fallacy,
and hot-hand belief, as well as near-miss effects. This paper
is a synthesis of recent studies involving probability
education, game-based learning, and behavioral decision
science to answer the question of why the game context can
be effective in teaching probability, why intuitive biases can
lead to biased judgments in the case of uncertainty, and why
probability education, and debiasing strategies can help to
minimize the irrationality of decision-making. The paper
draws a conclusion that high-quality, game-based probability
education that is aided by simulations, the explicit teaching
of independence and sample size, reflective prediction
problems, and critical media/marketing literacy has the
potential to produce lower misconceptions and enhance the
quality of decisions in the outside classroom. In the review, it
is also noted that prevention-based gambling education
works best to address the problem of misunderstanding the
concept of randomness and control as opposed to using the
fear-based message.
Keywords—probability education, learning,
Gambler’s fallacy, debiasing
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1. INTRODUCTION

Games and other gambling-like systems are some of the
most noticeable cultural laboratories of chance: dice
playing, card draws, lottery number picking, and online
rewards systems expose individuals to a series of chance,
streaks, and risk again and again. This is a chance in
education: probability concepts are hard since human
beings have a tendency to seek patterns and causal
relationships, even in cases where the events are
statistically independent. Recent activity in the field of
probability education has highlighted how students tend to
conflate short run variability with long-run regularity,
understand randomness as equally distributed in the short-
run, and have difficulties in relating the theory of
probability to empirical frequencies [1]. Such issues are

Manuscript received June 23, 2026; accepted July 1, 2026; published
July 16, 2026.

doi: 10.18178/ij1t.12.3.200-203

practically relevant when such misconceptions affect
financial decisions, betting-like consumer behavior and
reaction to uncertain events.

Over the past decade, research has supported two main
conclusions. First, game-based learning can improve
motivation and engagement and help students grasp
probability by providing repeated trials, concrete contexts,
and observable outcomes, especially when feedback and
participation are well designed [2, 3]. Second, large-scale
evidence from lotteries and sequential decisions shows
that gambler’s fallacy and hot-hand beliefs remain
persistent, shaping how people interpret streaks and make
repeated choices under uncertainty [4, 5]. Taken together,
games are a double-edged tool: they can strengthen
probabilistic understanding while also triggering the very
intuitions that instruction must correct.

This research adds value by defining probability games
as a two-sided instrument that provides learning while
triggering systematic mistakes. A key innovation is
identifying the “Game-Bias Paradox,” where engagement
through small-sample streaks reinforces the gambler’s
fallacy unless decoupled by scaffolding. Furthermore, it
recontextualizes probability as ‘“Modern Decision
Literacy”, extending traditional dice-based curricula to
address digital “near-miss” mechanics and blind-box
marketing. Practically, this justifies a shift toward
simulation-based designs and prediction-reflection
routines to minimize irrationality in real-world uncertain
situations.

II. LITERATURE REVIEW

A. Games and the teaching of probability

The research in probability education emphasizes that
learning consists not just of rules; it consists of making
sense of uncertainty, randomness, and evidence. Recurring
learner challenges emphasized by synthesis works in the
field include the lack of understanding of independence,
exaggerating streaks, and the belief that a lack of
randomness will fix itself soon [1]. Such perceptions are
strengthened when students observe small samples (a few
rolls of dice) and make premature conclusions based on
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noisy samples.

Game-based probability instruction is a response to this
issue by making randomness visible. Systematic reviews
of teaching probability with the help of games tells that the
games often involve the usage of tokens, coins, dice, or
culturally specific patterns that generate repeated trials and
compare experimental frequencies with the theoretical
values [2]. Games may externalize abstract concepts when
it is aligned to the learning objectives: results may be
recorded, frequency tables may be constructed, and
variability between sessions may be viewed. But game
situations can serve the same cause as well: they may
support wrong intuitions, unless instruction directly
challenges bias, particularly when students are trying to
think about lucky streaks, personal control, or fairness
storytelling.

Extended evidence of game-based learning in
mathematics suggests that gains in learning are most
dependable when games have instant feedback, explicit
purpose, and scaffolding, and not just when they are based
on entertainment value [3]. In a theory-oriented overview
of gamification and serious games, it has been suggested
that feedback loops, cues of progress and more or less
manageable structuring of tasks are some of the
fundamental processes through which games facilitate
learning; however, the very processes are also likely to
promote pattern-seeking in arbitrary sequences unless
framed properly [6]. Thus, the educational effectiveness of
games is predetermined by instructional design decisions:
what results are discussed, with what are results discoursed,
and whether the concept of randomness should be
instructed as part of processes, and not due to personal
fortune.

B.  Gambler’s fallacy and intuitive bias in probability
games

The Gambler’s Fallacy is also known as the Monte
Carlo Fallacy, after a famous incident that occurred in a
Monaco casino in 1913. In actual lottery markets, it has
been observed that typical players tend to shun frequent
winning digits, which is also characteristic of gambler’s
bad, despite possessing an independent set of draws [7].
Meanwhile, studies of various lottery types show that both
evasion of recent winners and appeal to recent winners
(hot-hand belief) may be manifested in the same setting,
depending on the nature of the game and subgroups of
players [8].

The presence of sequential belief biases is evident in
areas other than gambling. In trading, the retail investor
data demonstrates that both the gambler’s fallacy and hot
hand reasoning are applicable, which suggests that any
misunderstanding of streak continuation or reversal may
bias repeated financial judgment [9]. Similar large-scale
longitudinal studies of lottery participation also record that
streak-related biases are time-dependent, game-dependent,
and history-dependent events, which supports the view
that streak cognition is a relatively consistent
psychological tendency rather than an infrequent error [10].
Studies based on experimental methods and immersive
simulations conclude that more problem-gambling
indicators show that a person can bet more after a near-

201

miss than after a total loss, which is in line with the feeling
of being closer to winning [11]. Also in the same vein, it
has been found in blind-box consumer goods that
uncertainty-based marketing can be coupled with
gambler’s fallacy and instant gratification, and will lead to
irrational consumption behavior [12]. These results
expand the range of probability games: variable pay and
uncertainty are employed in a wide variety of consumer
systems in modern society in order to influence behavior,
and probabilistic thinking is a kind of decision literacy.

C. How probability education can reduce non-rational
decisions

Since intuitive interpretations are also a source of biases,
when applied to countering prejudice, approaches that aim
at correcting misconceptions are more plausible than
approaches that are solely designed to warn about
prejudice. Figure 1 illustrates the harms that gambling may
have. One structure to gambling education states that
programs might be more efficient if they confront certain
wrongful assumptions and deploy pedagogically suitable
developmental means of conceptual transformation [13].
Evidence of systematic reviews of prevention programs
among the youth also indicates that the interventions tend
to increase knowledge, decrease fallacy support and
reorient attitudes but the quality of methods used on
different studies differs [14]. According to a meta-analysis
of more recent research, evidence indicates widespread
decreases in gambling activities among adolescents after
prevention interventions, but also suggests the evidence is
not so strong and requires rigorous designs [15].

Lastly, debiasing research shows that, some biases in
judgment and reasoning may be minimized through
structured training. It has been demonstrated that a short
training can alter the intuitive responding to more logical
patterns in classic reasoning problems [16], and
interventions that reduce bias can decrease confirmation
bias in applied forecasting problems [17]. In the case of
probability education, it does not mean that one lesson can
eliminate a bias, but rather that a well-designed practice,
in particular when using feedback and reflection, can yield
some measurable progress and potentially be generalized
to actual decisions.

Resources
Work employment

GAMBLING
_— RELATED
\ HARMS

Fig. 1. The framework for gambling education [13].

I1I. CASE ANALYSIS

To begin with, there is a dice-based game in a classroom
that is supposed to teach independence. Pedagogical
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benefit can be seen in the fact that students are able to
produce data fast and face variability. However, even the
same game can give strong “streak stories” due to the
nature of small samples that invariably include runs. The
absence of directed reflection can make students have an
impression that a streak indicates that the opposite
outcome is due and this type of reasoning strengthens the
gambler’s fallacy instead of eliminating it. The literature
states that the process model should be explicitly related
to the data model rooted by the teacher, and testing the
intuitive beliefs should not be confirmed but only tested
with the help of game feedback [1, 2]. It is only possible
when game design principles such as clear goals and
instant feedback are used to interpret the feedback through
the right probabilistic lens to help learning [4].

Think of the concept of blind box consumer products
and near-miss mechanics as the new form of probability
games. Blind boxes are based on uncertainty and
fluctuating reward value; studies discover perceived
uncertainty may amplify fallacy and immediate
gratification of a gambler, which consequently forecasts
irrational consumption habits [12]. The near-miss
outcomes can also be used in a similar manner, whereby
they generate a subjective sense of progress. The
respondents with more indicators of problem gambling can
become more inclined to risk-taking in the context of
immersive simulation research, in the context of near-
misses, as it confirms the hypothesis of interpreting almost
winning as signs of improved chances [11]. These are seen
in consumption, digital micro transactions, and reward-
based marketing, which means that probability education
must encompass the critical interpretation of uncertainty
cues, and not just textbook activities.

IV. DISCUSSION

Throughout the evidence considered, one trend can be
observed: games are effective probability teaching tools
specifically because they are psychologically engaging,
which in turn triggers biased intuitions of streaks, control,
and fairness. Thus, instructional goals cannot make
probability fun, but rather make probability explicit in a
fun context. This, in practice, suggests a number of design
principles.

To start with, sample size and feedback should be
purposely manipulated in game-based lessons. Young
people are advised to perform numerous experiments
(including through simulation packages) to sense the
process of frequency stabilization and the presence of
streaks even in a fair process [1]. Secondly, predictions
should be externalized: the learners should write what they
expect at the end of a streak and compare these
expectations with data and with the independence model.
This allows observing and addressing misconceptions,
which is in line with misconception-oriented education
strategies [13]. Thirdly, the teachers are supposed to make
a clear distinction between three concepts that students
tend to confuse, and which are independence of trial, long-
run regularity, and short-run variability. Misunderstanding
of these ideas is one of the major causes of the gambler’s
fallacy.
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V. CONCLUSION

This paper was conducted to explore the mental
hotspots that are incorporated in probability games
through connectivity of game-based probability learning,
the gambler’s fallacy, and the associated intuitive biases
and learning methods of curbing irrational choices. The
literature review shows that probability can be facilitated
via games that enable randomness to be seen and
encourage repetition, although biased thinking about
streaks, control, and due results is also enhanced. In real
lotteries and  other  sequential-choice  systems,
experimental evidence demonstrates that fallacies and
beliefs in hot hands exist at scale, and are context-
dependent, meaning that people are not misled by the
illusion of randomness. The analysis also indicates that the
biases can be replicated by the near-miss and uncertainty-
based marketing to contemporary consumer situations,
which further supports the need to teach probability as
decision literacy.

This study adds value to the already existing knowledge
by combining teaching and behavioral facts that define the
way probability games are such a two-sided instrument:
they provide a learning experience but trigger systematic
thinking mistakes as well. In practice, the results justify
the instructional design based on games and simulations,
teaching explicit independence, prediction-reflection
routines, and teaching misconceptions in the form of a
focus group. The research has limitations associated with
the review-based study design: it lacks new experimental
results and is unable to determine causal impacts in various
curricula or groups of learners. Future studies might be
able to test interventions done in the classrooms using
longitudinal outcomes of change in belief and transfer to
the daily risk decisions. Overall, this paper offers fresh
perspectives on the possibility of developing probabilistic
thinking with the help of games as well as emphasizes the
significance of debiasing strategies to minimize irrational
decisions in any uncertain situation in the real world.
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