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This paper presents the pedagogical design and evaluation of a digital serious game, Biased Distributions,

aimed at teaching central tendency measures to students enrolled in undergraduate and master’s education
programs, in an interactive and engaging way. The game design is grounded in constructivist learning theory
and incorporates elements of experiential training in order to address the challenges often faced by education
students in grasping statistical concepts. We describe the design of the game, the methodology applied in the
experiment and the results of two rounds of testing with a total of n=56 participants within a higher education
distance-learning institution. We evaluate increase in knowledge, player experience, and actual game usage
collected via game learning analytics. The results show a moderate increase in knowledge, high user engage-
ment and reveal several usability problems that can be addressed in future game versions, highlighting both the
promise of our approach and the importance of validating games to diagnose and improve their effectiveness.

1 INTRODUCTION

Mathematics learning is often perceived by college
students as boring, complex, or impractical for real
life situations (Dele-Ajayi et al., 2016; Kislenko et al.,
2007). Educators also find it more difficult, unexcit-
ing or worrying compared to other curricular areas
(Macnab and Payne, 2003).

In particular, when learning statistics, which is
considered a particular branch of mathematics, stu-
dents face problems such as conceptual misunder-
standing (Saidi and Siew, 2019), possibly due to not
using suitable visualizations or not being able to in-
teract with the contents (Pirker and Giitl, 2015). Al-
though statistical concepts are fundamental for under-
standing data analysis and interpretation, students of-
ten struggle with its understanding and application.
College students also report other concerns and chal-
lenges when studying introductory statistics, such as
lack of competence, low intrinsic motivation, or low
perceived usefulness of statistics for the real-world
(Sutter et al., 2024); as well as the need to deal with
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formulas which they feel are complicated and unfa-
miliar (Zakaria et al., 2012; Mohamed et al., 2012).

Serious games (SGs), loosely defined as games
with a primary goal other than that of entertainment,
have proven to both motivate and boost student learn-
ing (M.Connolly et al., 2012), and represent a re-
source that is increasingly being used for pedagog-
ical purposes, including math fluency and thinking
(Fraga-Varela et al., 2021; Paciarotti et al., 2021).
While SGs can be carried out with physical materi-
als, digital games, implemented using video games,
can be easily reused long-term , while allowing user
interactions to be logged and analyzed to better un-
derstand how those games are being played, as part
of Game Learning Analytics (GLA) as described in
(Freire et al., 2023).

We have designed and tested a digital SG that fa-
cilitates the learning of statistical concepts, specif-
ically distributions and central tendency measures
—mean, median, and mode— targeted towards pri-
mary and secondary school teachers. In this work, we
explore its design and effectiveness as learning tool
The following sections discuss similar approaches to
teaching statistics; present the pedagogical design of
our SG; and describe and discuss the results of the
experiments we have carried out with several groups



of students (totalling n=56 participants) to test the ef-
fects of the game in both learning and motivation.

2 RELATED WORK

We have found several SGs that address the field
of introductory statistics. To teach statistical con-
cepts to children of primary school, we can find
The Electric Company Prankster Planet (Meletiou-
Mavrotheris et al., 2019), which introduces data col-
lection concepts to 6-10 year old children through
quests. The quests involve interpreting and represent-
ing statistical graphs, which children must analyze to
overcome challenges, and they employ different gam-
ification elements such as avatar creation, a rewards
system or a collaborative play option in order to en-
gage students. Results in two 40-minute sessions with
18 students showed that the game was well-received,
increasing student motivation.

In the context of higher education, The Play-
ground Game (Westera et al., 2014) teaches research
methods and statistics through practical cases. It
is aimed at students of Social Science and Nursery.
Players must decide the most suitable location for
a children’s playground in a fictitious town, taking
into account different statistical variables, justifying
the game’s name. The gamification techniques em-
ployed in the game include narrative, inquiry-based
problems, decision-making, questions, score and au-
dio cueing. Participants (N=103, with 4 separate con-
ditions, including a control group) highly appreci-
ated the integration of statistical learning contents in a
game environment; and across all conditions, signifi-
cant positive effects in test scores were observed. No-
tably, this game includes game learning analytics sup-
port, which allows gameplay data to be analyzed to
better understand how players learn and interact with
the game.

At a similar level, the Deadly Distribution SG
(Wronowski et al., 2020) teaches concepts such as the
sample, mean, standard deviation, margins of error,
confidence intervals, and the Central Limit Theorem
to 4th-year college students. Based on epidemiology
models, players analyze a fictional location to erad-
icate diseases. The SG employed narrative and lev-
els with increasing problem complexity. The game
demonstrated statistically significant improvements in
students’ affective behaviors (engagement and inter-
est in the subject), according to experiments with 218
students, with a smaller effect on knowledge.

Finally, the High or Low game (Siepermann,
2016) uses a card game with two learning modes,
teaching and practice, for students of Business Sci-

ences to learn about fundamental principles of statis-
tics and risk management. The main gamification
techniques employed in the game are luck, risk, and
decision-making, in combination of helping elements
such as hints or recommendations. In an experi-
ment with 42 participants, players proved able to es-
timate risk correctly, with an interesting twist where
the game proposed possibly-manipulated recommen-
dations, forcing students to double-check before rely-
ing on them at face value. The game’s effectiveness at
increasing grades was not tested, nor was its affective
effect on players.

After analyzing these games, we found that none
of them exactly matched our needs and the way we
wanted to convey its contents, since we wanted to
cover a more specific topic of statistical frequency
distributions, in a very interactive and visual way,
in the language of the course - Spanish - as well
as provide insights to Educational Sciences students
into how serious games could help to teach such con-
cepts.The Biased Distributions SG covers conversion
of observations to distributions and the measures of
central tendency in those distributions (mean, median
and mode), with the goal of not only help future pri-
mary and secondary education teachers (and currently
students of Educational Sciences) to assimilate these
concepts in a more entertaining, interactive and visual
way, but also to guide them when teaching the same
concepts to their students later on, as both statistical
distributions and measures of central tendency are of-
ten part of elementary and secondary school mathe-
matics curricula.

3 DESIGN OF Biased Distributions

Our design is based on constructivist theory, and
specifically on building knowledge through experi-
ence (Bada and Olusegun, 2015): immediately after
being introduced to explanations of each idea or con-
cept, players can put them into practice. We have
opted for simplicity in the interface, to allow play-
ers to concentrate on the requested activities without
losing focus.

The game is composed of two parts: an initial
guided tutorial to learn both game mechanics and the
concepts of statistical distributions and calculation of
central moments; and a game phase in which these
concepts are applied across three game levels of in-
creasing difficulty, as illustrated in Figure 1. To make
abstract concepts as visually affordable as possible,
addressing concerns of (Pirker and Giitl, 2015), we
designed the game so that distributions are test-scores
of simulated individuals, each of which is represented
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Figure 1: Diagram with the general structure of the SG. The
tutorial has shorter and more controlled steps than the main
game, which has a greater degree of freedom, and iterates
through the core concepts with increasing difficulty.

with a small avatar. An initial step is to drag each
avatar icon from the observation table to its corre-
sponding histogram bar, building the histogram incre-
mentally. Players can switch back and forth between
their current exercise and the underlying theory, by
clicking the “Formulas” button (see bottom-left cor-
ners of Figure 2). Additionally, players can interact
with a small on-screen calculator (also visible in Fig-
ure 2), where operands can be inserted via keyboard
or by interacting with the visualization: clicking any-
where on a displayed bar inputs its height (frequency)
to the current calculation; clicking on the x-axis of the
bar inputs its x-coordinate (observation value). One
of the tutorial’s goals is to make sure that players are
exposed to all mechanics, from histogram-building
to mean, median, and mode calculations. Later on,
exercises are repeated with identical mechanics but
increasingly complex distributions, progressively in-
creasing the difficulty of the game.

The game’s pedagogical framework integrates
three key components:

* Scaffolded learning progression: Players advance
through levels that gradually increase in complex-
ity, from basic concept introduction to applied
problem-solving.

* Interactive data visualization: Dynamic and ma-
nipulable graphs allow students to explore the ef-
fects of data changes on central tendency mea-
sures in real-time.

» Contextual learning scenarios: The game presents
educational situations where the knowledge to be
learnt is highly relevant.

Implementation

From a technical standpoint, the game was developed
using Unity3D, which allows creation of full-featured
cross-platform games with moderate programming
knowledge, and is free for small developers. The

game is composed of several types of scenes, roughly
corresponding to mini-games such as building a his-
togram or calculating a distribution’s mean with the
aid of a histogram and a calculator (as seen in Figure
2.

The contents of the game’s questions, and the
scene types where those questions are displayed, are
specified in a teacher-editable JSON file, which is
read during game initialization. In file, it is possi-
ble to specify either static datasets or datasets that are
to be randomly generated within certain parameters.
We did not test the extent to which this file can be
easily edited by real users, as our primary goal was
to evaluate the game itself. However, having a de-
gree of customization available to those that deploy
a game seems to be a very important element for fu-
ture reuse. Such game customization allows game au-
thors to adjust the game’s difficulty, flow, and length
to the specific population where it will be played.
We then packaged the game for three different plat-
forms according to the operating system used by stu-
dents: Windows, Linux or MacOS X; for all versions,
the games could log how they were being played us-
ing xAPI-SG statements (see Results), allowing game
learning analytics techniques to be used to understand
how they were being played.
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Figure 2: Screenshots from the game, translated to English.
(top) Players can drag observations to build a histogram.
(bottom) Players computes the distribution’s mean by click-
ing on bars in the histogram, which updates the calculation
displayed in the calculator.



4 EVALUATION

We evaluated Biased Distributions using a mixed-
methods approach on students from 2 distinct pro-
grams: 17 participants were enrolled in a ‘“Mathe-
matical Fundamentals” course from an undergraduate
degree to become primary education teachers; while
39 were enrolled in a master’s degree subject called
“Teaching Innovation and Introduction to Educational
Research in the Mathematics Specialty”, with 56 par-
ticipants in total. Experiments were conducted during
academic year 2022-23, with 2 groups of master’s stu-
dents and 2 groups of graduate students. Data collec-
tion was based on a series of pre- and post- knowledge
experimental tests, surveys, and game learning analyt-
ics to study how students actually interacted with the
game.

Participants were all students in the First Author’s
remote-learning university. Participants were cho-
sen not only because they were expected to learn the
concepts seen in the game, but also because, as fu-
ture educators, they could provide useful feedback on
how these concepts could be taught; and would, in
many cases, have to teach them to their future stu-
dents. The experiments were therefore designed to
help detect problems in the game design, determine
whether learning was occurring, and to verify the ex-
tent to which the SG motivated students and helps
them to understand more abstract contents through vi-
sual representation and interaction. Since all partici-
pants were remote, most of the tasks in our experi-
mental design (except for Step 4: playing the game
itself) were mediated through the university’s institu-
tional Learning Management System. In order, par-
ticipants were asked to:

1. Provide or deny informed consent to use their
data, anonymized, for research purposes.

2. Answer a survey of prior knowledge. Participants
rated, using 7-point Likert scales, their level of
knowledge regarding mathematics and statistics
in general and statistical distributions and central
tendency measures in particular.

3. Fill a pre-test knowledge questionnaire.
4. Download and play the game.

5. Fill a post-test questionnaire, with different ques-
tions as the pre-test in task 3, but otherwise in-
tended to be equivalent.

6. Answer a self-assessment knowledge survey.
7. Post-activity satisfaction questionnaire.

8. Fill a final Technology Acceptance Model survey
(Maranguni¢ and Grani¢, 2015).

Participants that completed all tasks received 0.5
extra points on the course grade (5% of the total
grade). As part of step 4, participants were requested
to submit at least one gameplay trace as proof-of-
playing, but had the option to send more than one.
Despite the grade incentive, only 56 out of 146 stu-
dents completed until Task 6 and 51 out of 146 stu-
dents completed all tasks. A breakdown of participa-
tion by degree can be seen in Table 1. This is likely
due to the scheduling of the experiment, which was
very close to the last weeks of the course, when stu-
dents were busy with exams.

Table 1: Research sample, where n = Number of students
completing up to Task 6, n,; = Number of students com-
pleting all Tasks, N = Number of total students in the course.

Level n | ng | N n/N
Education Degree | 17 | 14 | 50 | 34.00%
Master’s Program | 39 | 37 | 96 | 40.63%

Total 56 | 51 | 146 | 38.36%

Game Analytics

We collected and analyzed the in-game interactions
of players generated during activity 4, storing them
as XAPI-SG statements (Serrano-Laguna et al., 2017).
This allows us to gain insights into how the game
was actually played by each player, gaining additional
value by taking into account all other activities by that
same player. This analysis requires two key ingredi-
ents: first, the game must store and allow retrieval of
player interactions for analysis; for this, we included
an analytics library into the game’s Unity code which
can both store and, if so configured, submit user in-
teractions to a server in the XAPI-SG format. Second,
participant activities, including the interaction state-
ments, must be linked together with a suitable iden-
tifier, allowing interactions from a single player, and
other player activities such as questionnaire answers,
to be linked for analysis. We used unique numerical
identifiers for this purpose.

4.1 Results

Comparing pre- and post-knowledge tests of the to-
tal sample of students (activities 3 and 5), 46.43%
of students improved their grades after playing the
game, 30.36% worsened, and 23.21% remained at
the same grade. The group average varied from 7.71
points (on a 0-10 scale) to 8.07 points, with an aver-
age score increase of (.36 points in the sample group
(improvement in percentage of 3.6%). As can be seen
in Figure 3, players from the undergraduate groups
generally improved in their scores after playing the



game (by 2 and 0.61 points in each group), while
master’s students did not change their scores signif-
icantly (less than 0.1 point difference). A paired sam-
ple t-test confirms that the increment is statistically
significant (with a p-value of 0.045, testing whether
the post-test has higher scores than the pre-test) for
the 1st undergraduate group, but no statistically sig-
nificant difference (in either sense) is found for the
other groups. We did expect master’s students to have
more knowledge on the subject, as confirmed by their
higher grades, and therefore to gain less by playing
the game.

Comparing the results obtained from the pre- and
post-surveys (activities 2 and 7), students perceived,
on average, that their general knowledge of mathe-
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Figure 3: Pre-post score differences in players, on a 0-to-10
scale, 10 =best. (A) shows general score distribution in pre
and post-tests for each group; (B) shows improvement as a
scatterplot. Master’s students generally had higher grades,
and improved less than undergraduate students.

matics had increased (from a mean of 4.86 to 5.29
points on a 7-point scale), as well as their level of
knowledge in the subject (4.58 vs. 5.29). Regard-
ing their level of interest in the subject, it decreased
slightly (5.83 vs. 5.71 points), although they value
that serious educational games can be an interesting
resource for learning subject concepts, and strongly
consider the game to be a novel resource for learning
subject concepts (6.43). Furthermore, as a key aspect
of the research, the majority of students reported an
improvement in their general knowledge of statistical
distributions (3.92 vs. 5.57 points) and on how to cal-
culate mean, median and mode for such distributions
(+2.04, +2.08 and +1.89 points on a 7-point scale, re-
spectively).

Figure 4 illustrates a first approach to gameplay
data analysis, showing distributions for the number
of xAPI statements for each player according to their
group (which roughly corresponds to the amount of
in-game interactions), and the amount of time spent
playing. The last plot in Figure 4 shows that most stu-
dents managed to finish the game (which required 20
correct answers), and a significant number chose to
play far beyond: the average across all groups is 25,
with many players, mostly in master’s groups, signif-
icantly exceeding this number.

Qualitative Results

The satisfaction survey (activity 8) contained free-text
answers, which the three authors encoded collabora-
tively, agreeing on keywords to assign for each re-
sponse of each of the 56 participants before any quan-
titative analysis. When asked for aspects that they
liked, 23% of players reported finding the game sim-
ple and intuitive. A large portion of players (21.4%)
also mentioned that they liked the theoretical explana-
tions of the tutorial, as well as the game’s educational
content.

Likewise, 21.4% of players found the game prac-
tical, and 17.9% mentioned that they found it very
useful and liked being able to jump back and forth
between practical examples and the applicable for-
mulas and theoretical background at any time while
playing the game. This same percentage of players
(17.9%) indicated that they found the game entertain-
ing and enjoyable. Players commented positively on
the dynamics of the game, learning by playing, the in-
cremental progression of difficulty, the reminder/help
formulas button, hint availability, the brevity and clar-
ity explanations, and the design of practical exer-
cises. In the same satisfaction survey, another ques-
tion asked for free-text answers on what they disliked.
The most common response (17.9%) was to leave the
field blank or comment “nothing”. Next, many com-
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Figure 4: Analyzing in-game interactions by players, segmented by groups. In (A), all groups of players can be seen to have
interacted a similar amount of times with the game, while in (B), master’s students can be seen to have taken longer to finish
playing. Outliers that took long breaks (3 in total, in 2 of the groups) have been removed from (B). In (C), all students can be

seen answering a similar number of correct answers.

plained about the calculator (visible at the right of
Figure 2), as some values had to be entered by using
a keyboard; that the exercises were somewhat repet-
itive, with the same calculations using different val-
ues (7.1%); limited levels (7.1%); the music, which
sometimes made it difficult to concentrate on solving
the exercises (7.1%); and the fact that, while feedback
did detect incorrect results, it did not always pinpoint
their cause (3.6%). A similar number complained that
the game was too short, or that there should be levels
with a higher difficulty.

Some participants also reported technical prob-
lems: the game failed to work as expected on Mac
operating systems (7.1%), downloading it could be
slow (5.7%), with further slowdowns if running in an
emulated environment (5.7%); finally, reporting game
analytics was not always easy (3.6%). In the words of
one of the master’s students, “It is a very engaging and
innovative way to learn. I am looking forward to be-
coming a teacher so I can apply it to a session as part
of the statistics and probability teaching unit. It al-
lows students to interact with mathematical concepts
in a more dynamic and participatory way, which can
facilitate learning and understanding. Games can pro-
mote learning through problem-solving and decision-
making.”

5 CONCLUSIONS

Our findings align with previous literature, showing
that students highly appreciate the integration of edu-

cational content within serious games. The game cap-
tured student attention and kept them highly engaged
and motivated by practicing statistical concepts, with
students reporting that they specially valued the im-
mediate feedback, personalized learning, the experi-
ence of hands-on learning, and the self-assessment
facilitated by the game, continuing to play even af-
ter completing all mandatory exercises (a behavior
known as free choice in motivation theory). Thus, the
game design is promising, despite poor calculator me-
chanics and a certain lack of variety in the exercises;
and some minor technical problems related to cross-
platform deployment, all of which can be solved in
future versions.

Our future steps will be to develop and validate a
new version of the game based on improvements sug-
gested by participants in our pilot experiment, includ-
ing:

* Better contextual help to aid students that get
stuck on calculations, by modelling frequent er-
rors and preparing canned feedback for each.

* Improved usability of the built-in calculator, with
additional tutorial steps to explain changes.

* More exercise types and variety to add both re-
playability and depth.

The next round of experiments should also fea-
ture a larger pool of participants, which will allow us
to use separate groups to compare learning and en-
gagement associated with individual mechanics, and
adding a control group to better test the effectiveness
of the proposal.



Comparing the design proposed for our SG with
those presented in the related work of this paper, all
four games rely on inquiry-based problems, ques-
tions, levels, progressive increase in difficulty, hints,
and feedback. Similarly to those games, we also re-
port a (modest) increase in learning, and a much more
significant effect in player motivation and engage-
ment. We expect that even better results and player
experience could be achieved by incorporating addi-
tional elements from other games, such as introduc-
ing a narrative thread, reinforcing the current minimal
story, adding maps within an encompassing world, a
reward system, more customization options, and/or
elements of luck or risk that require decision making
and provide greater replay values.

Evaluation is critical to ensure that SGs are effec-
tive both in terms of knowledge gain and to realize
their main potential of boosting student motivation
and engagement. We have described how ours has
helped us to improve our game design and player ex-
perience, with students who, in the future, will not
only be able to apply SGs in their classrooms once
they become teachers, but may hopefully also design
their own.
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