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Abstract—This research-to-practice WIP paper outlines the
development and implementation of an educational project to
enhance SQL (Structured Query Language) learning through
a series of mystery cases. The initiative underscores a novel ap-
proach to engaging undergraduate students in mastering SQL by
integrating game-based learning within the curriculum. The the-
oretical frameworks underpinning this project are grounded in
constructivist learning theories and the application of game-based
learning in education. These frameworks suggest that learners
construct knowledge more effectively when actively engaged in
the learning process and when the learning is contextualized
within meaningful and enjoyable activities. Unlike traditional
methods of teaching SQL, which often emphasize memorization
and passive learning, the SQL Mystery Game provides a dynamic
platform for students to apply SQL concepts in a practical,
engaging, and contextually rich setting. Students use their SQL
skills to search for clues, filter out unwanted pieces of evidence,
link data from multiple sources, and generate information from
given data to solve different mysteries. The project builds on
previous preliminary non-digital activities demonstrating positive
student reception and instructor observations, suggesting that
game-based learning can effectively enhance students’ application
of SQL concepts. Furthermore, the effectiveness of the new online
game is evaluated using a user study that involved a multi-faceted
survey designed to evaluate the game from various angles. The
study results validated the efficacy of enhancing SQL learning
through the SQL Mystery game and showed that it significantly
improved students’ engagement, interest, and understanding of
SQL concepts. This research has significant implications for
educational practice, particularly for engineering and computing
education. It demonstrates the potential of game-based learning
to transform passive learning environments into active ones,
making complex subjects more accessible and enjoyable for
students. This project offers valuable insights into designing
engaging learning experiences that prepare students for real-
world challenges and equip them with the skills necessary to
thrive in data-intensive industries.
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I. INTRODUCTION

A. Background and Motivation

In the digital age, proficiency in programming languages
is needed, with SQL (Structured Query Language) recognized
as a fundamental skill across various data-intensive domains.
SQL’s unique blend of declarative syntax with procedural
elements presents a significant learning curve that can deter
students, particularly those outside the core computer science
discipline [1]-[3]. Traditional educational methods, which
often rely on memorization and passive participation, are
sometimes inadequate in equipping students with the practical
skills necessary to navigate this complexity. As educators seek
more effective pedagogical strategies, integrating engaging
and innovative approaches within the curriculum is becoming
increasingly vital. The motivation for developing games to
promote learning of SQL stems from a critical observation:
despite SQL’s essential nature in the technological landscape,
its instructional methods have not evolved to adequately ad-
dress the challenges it presents. This project aims to enhance
SQL education accessibility and engagement. It targets today’s
digital-native students, accommodating their preference for
interactive, feedback-rich learning environments.

B. Contributions

1) Highlighting Under-explored Areas: This project ad-
dresses a gap in SQL educational research. Despite its
widespread application and recognition as a critical skill,
few educational initiatives have focused on enhancing SQL
learning through gamification or game-based learning. Our
approach offers a new perspective on engaging students.

2) Innovative Multi-Tier Architecture: The online game
developed for this project employs a multi-tier architecture,
effectively separating the user interface from the data man-
agement components. This design enhances the system’s ex-
tensibility and simplifies the integration of new mysteries and
updates in the future.



3) Comprehensive Student Survey: An integral part of this
project is executing a multi-faceted survey designed to evaluate
the game from various angles, including usability, engagement,
conceptual understanding, and educational impact.

II. RELATED WORKS

Game-based Learning and Gamification have emerged as
promising approaches to enhance learning experiences by
integrating dynamics and mechanics to increase learner en-
gagement and effectiveness [4], [5]. Dynamics, which provide
the narrative, and mechanics, which implement the story,
together incentivize learners through internal motivations such
as personal achievement or desire for rewards, thereby poten-
tially augmenting student engagement, effort, and satisfaction.
Gamification in computer science education has been a topic of
interest in recent research. Incorporating gamification elements
into teaching and learning sessions for computer science or
information technology courses has been shown to enhance
student engagement and improve learning retention [6]. Game-
based Learning has proven to be particularly beneficial in cre-
ating simulated learning environments that increase motivation
among computer science students [7]. The success of gamifica-
tion and game-based learning in educational settings depends
significantly on factors such as student characteristics, their
specific needs, and the thoughtful incorporation of gamified
elements [4], [5]. Tailoring the strategies of the two approaches
to match the preferences and culture of the student community
is essential for optimal outcomes. Several studies have ex-
plored the integration of game-based learning and gamification
in teaching SQL skills to enhance learning experiences. Tahir,
Mitrovic, and Sotardi [8] incorporated badges within SQL-
Tutor, a tutoring system, alongside goals, assessments, and
challenges. While they observed that badges increased student
engagement and time-on-task, they did not find a significant
difference in post-test scores or student achievement levels.
More promising, Tuparov and Tuporova [9] implemented
badges and leaderboards in an online self-training course in-
volving 97 students. Their findings indicated that gamification
positively impacted student achievement within the gamified
group compared to the non-gamified cohort. Furthermore,
Soflano, Connolley, et al. [10] evaluated the impact of game-
based learning on learning effectiveness and the effect of
adapting learning content to students’ learning styles. Results
showed that game-based learning yielded better learning out-
comes than learning from a textbook and that adaptive learning
allowed students to finish tasks much faster than non-adaptive
mode. These studies collectively highlight the potential of
gamification and game-based learning to improve the learning
outcomes of SQL education. However, others have pointed out
potential adverse effects, emphasizing the importance of a nu-
anced understanding of its implementation [11]. The possible
additional workload on teachers and lack of customization and
personalization for students can cause some challenges [12].
The SQL Mystery game aims to bridge some of the identified
challenges in the related literature. Firstly, unlike previous
studies that primarily focused on incorporating badges and

leaderboards into existing tutoring systems or online courses
(i.e., gamification), the SQL Mystery game provides a unique
experience where students actively engage in solving mysteries
using their SQL skills (i.e., game-based learning). Embedding
SQL challenges within a narrative-driven mystery framework
offers a compelling storyline as the primary dynamic, en-
couraging sustained engagement and motivation. Additionally,
the game can provide an online platform for instructors to
customize and adapt SQL challenges based on their student’s
specific needs and skill levels. This is achievable because of
the multi-tier architecture and the separation of data from the
user interface. New customized stories and challenges can be
easily added in the future based on the target student popula-
tion. Finally, the study examines the usability aspects of the
system to avoid any technical challenges that might affect the
student’s learning experience. Ensuring good usability testing
processes during the development of gamification systems is
essential to maintain their motivational effects [13].

III. THEORETICAL FRAMEWORK
A. Digital Game-based Learning

Egenfeldt-Nielsen’s book [14] provides a history and dis-
cussion of Digital Game-based learning (DGBL), Game-
based Learning (GBL), and Serious Games. Briefly, Serious
Games include any games with a primary purpose other than
entertainment, including games for health, games for change,
and games for learning. Serious games may be in any format,
including board, dice, card, and video games. GBL focuses on
serious games that are designed to promote learning, including
games for training and education. DGBL focuses on digital
games designed to promote learning.

There have been many theories related to DGBL supported
by evidence at varying degrees. Some theories and research
attempt to explain how video games achieve high levels
of engagement. For example, Csikszentmihdlyi’s theory of
Flow [15] is often used to explain the phenomenon of gamers
becoming so engrossed in gameplay that time passes without
notice and everything outside of the game seems to fade
from the mind. To achieve flow, designers must balance the
level of challenge in gameplay with the player’s ability level.
Koster [16] explains games’ inherently engaging and intrin-
sically motivating nature through game design. Specifically,
Koster suggests that designs that harness skills that humans
have evolved to enjoy and be good at, i.e., pattern recognition,
will be effective as long as the challenge increases along with
the player’s skill.

Other theories and research attempt to identify affordances
of DGBL that could promote learning, including tracking
player performance and providing just-in-time information
or interventions to support learning. Another affordance that
is touted as increasing engagement, and therefore time-on-
task and learning, is the ever-increasing level of immersion
resulting in virtual reality and other technological advances
that allow video games to reach high levels of realism. Games
are also thought to align with Constructivist learning theory,
allowing learners to construct their own knowledge through



experience. Indeed, games allow players to explore and try
out strategies in a low-risk environment that reduces anxiety
while enhancing creativity.

Still, other theories are prescriptive in nature, describing
how games could be designed following instructional design
models to best achieve learning objectives. For example, En-
field [17] investigated how the Ten Steps to Complex Learning
Instruction Design Theory could be applied to the design of a
game intended to promote learning.

B. Reaching Potential for Game-Based Learning

GBL will never be a silver bullet for learning. As a lesson
from the Clark [18] and Kozma [19] debates, it is more
worthwhile to focus on the learning experience than whether
or not a particular medium 1is effective for learning. Indeed,
games can be well-designed or poorly designed to meet their
objectives. The question is not ”Are games good for learning?”
but "How can games best be used to promote learning”?

The SQL Mystery game embraces many of the proven
strategies that lead players to achieve learning objectives. In
addition to implementing some of the affordances already
discussed (creating an engaging context that provides learners
with a low-risk environment to apply their skills), It provides
a simulated real-world context in which learners may apply
their skills to solve an authentic problem, at least within the
simulated context of the game world. Additionally, the game
incorporates common components of games that enhance
engagement, such as story, goals, points, and increasing levels
of challenge.

C. Debriefing

The implementation of the SQL Mystery game within a
classroom also followed proven best practices. Specifically,
the instructor guided students in a debriefing exercise after
gameplay. Egenfeldt-Nielsen [14] notes the importance of
debriefing in linking learning objectives to gameplay. Because
games often provide learners with a shared experience and
sometimes slightly varied experiences due to varied game-
play, debriefing allows for identifying misconceptions learned
through gameplay. Possibly, the most important aspect of
debriefing is reflection—providing students the time to reinforce
their existing mental models or modify those models to
accommodate the newly learned information.

IV. SYSTEM DESIGN

This section discusses the SQL Mystery Game’s architecture
and the main interactions, as shown in Fig. 1, between
its system components and the primary entities—students
and teachers—that facilitate a dynamic learning environment.
Upon initiation, users are welcomed by a narrative that outlines
the storyline and its progression. This introduction is critical
as it sets the stage for the mystery they are tasked to solve.
Following the narrative immersion, players are prompted to
log in. The login module, as described in the data flow
diagram, is designed to authenticate users and maintain the
integrity of player progress and scores. Upon successful login,

an auto-generated email notification is sent to the teacher
associated with the student. This step ensures that each session
is conducted under appropriate academic supervision. Central
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Fig. 1. SQL mystery game main processes and data stores.

to the gameplay is the SQL-driven database, which stores
game data, including story scripts, clues, and the expected
correct answers. As players advance through the game, they
encounter a series of questions designed to challenge their
SQL skills. Each correctly answered question makes them
closer to solving the mystery and reinforces SQL concepts in a
practical context; see Fig. 2. The game provides a hint feature
to help in the learning process. The integration of hints was
motivated by similar approaches in related literature [20]. The
separation of the database and the front-end code is a pivotal
feature of the game’s design. This multi-tier design allows the
addition of new scenarios and stages to the game with less
effort and fewer changes to the front end. The game’s scoring
system is crucial for maintaining engagement and introducing
a competitive element among players. As players answer more
questions correctly, their scores increase and they can advance
to the next level.

V. RESEARCH METHODOLOGY
A. Phase one

The study started with a fifteen-minute session to introduce
the eleven participants to the game and provide an overview of
the game’s objectives and mechanics. Following the introduc-
tion, participants were asked to play the mystery game in teams
for forty-five minutes. During the game, students had to solve
three cases. The first two mystery cases were provided through
the university learning management system (LMS). Students
had to download a file containing the suspect’s names, set up
the MySQL database, and run the needed queries to solve
the mysteries. For the last case, students used our online
game (SQL Mystery) platform, responded to the provided
instructions, and constructed the needed queries using the
built-in query builder.

B. Phase two

A survey was conducted to gather feedback from students
regarding their experience with the SQL mystery game. The
survey was designed to assess various aspects of the game,
including its effectiveness in enhancing SQL learning, engage-
ment value, and usability.



Use the form to create a query

[From

Success: Query executed successfully

[Select  [* [ CRIME_REPORT ~ |

date type description city
203-04-01 | Robbery A masked individual stole $500 from the local convenience store. Anytown
203-0419 | Robbery A convenience store was robbed at gunpoint. New York
2053-04-18 | Assault A bar fight resuited in multiple injuries. Los Angeles

1|2|3|4|5|6|7|8|9|10|‘11|l2|]3

Fig. 2. SQL mystery game screenshot showing the query builder, query
results, and current student score. In this screen, students use their SQL skills
to navigate the crime report, collect pieces of evidence, and construct the
knowledge needed to solve the mystery. This example shows the interplay
between constructivist learning theory and specific game design elements.

1) Survey Design: The survey instrument, shown in Table I,
was designed to collect quantitative and qualitative data. It
included a combination of closed-ended questions with Likert-
scale responses to measure satisfaction levels and open-ended
questions to gather detailed feedback and suggestions for
improvement.

2) Sampling: The survey’s target population was under-
graduate computer science majors registered in the database
management course at Virginia Military Institute (VMI).

3) Data Collection and Analysis: The survey was adminis-
tered electronically using an online survey platform (Qualtrics)
to ensure participants’ ease of access and anonymity. The
survey link was distributed to students via the course learning
management system and the participation rate was 100%.

4) Data Analysis: Quantitative data collected through
Likert-scale questions is analyzed using descriptive statistics
to measure central tendencies and variability in students’
responses. Qualitative data from open-ended questions is an-
alyzed thematically to identify main themes.

5) Ethical Considerations: The research adhered to ethical
guidelines for human subjects research. Participants were
informed about the purpose of the survey and their rights
as research subjects. The Institutional Review Board (IRB)
at the Virginia Military Institute (VMI) reviewed, validated,
and approved the study. The survey questions were checked
for internal consistency and correlation.

6) Limitations: Potential limitations may include self-
report bias, small sample size, and limited generalizability of
findings beyond the study’s specific context.

VI. INITIAL RESULTS AND DISCUSSIONS

The analysis of the students’ responses aims to dissect both
the quantitative and qualitative data collected and provide
insights into the game’s engagement levels, educational effec-
tiveness, and areas for potential enhancement. The feedback
obtained not only highlights the game’s strengths in main-
taining interest and reinforcing SQL concepts but also points

out opportunities for further development to meet students’
learning needs better.

A. Quantitative Insights

1) Engagement: The game was generally well-received in
terms of engagement, with an average rating of 4.64 out of 5.
This high level of engagement is further supported by the low
standard deviation (0.64), indicating that most responses were
close to the mean and consistently positive.

2) Positive Feedback: The students most liked the game’s
engaging nature, competitive elements, visual simplicity, and
interactive features like the ticking clock and the use of drop-
down menus instead of free-form SQL input.

3) Criticism and Suggestions: Some students felt the game
lacked visual aids. Improvement suggestions included increas-
ing the difficulty by adding higher levels, enhancing visual
design, and integrating more interactive SQL environments
like MySQL workbench.

4) Learning Effectiveness: Students rated the game quite
highly for reinforcing SQL concepts learned in class, with
an average rating of 4.27 out of 5. This suggests the game
served as a practical tool beyond traditional methods, which
is also seen in the majority preferring the game over traditional
assignments.

5) Usability: The user interface was deemed easy to use,
with a mean score of 4.36 out of 5. Only one student expe-
rienced significant technical issues, indicating good platform
stability.

6) Motivation and Interest: All students reported increased
interest in learning more about SQL due to the game. The
mystery-solving aspect was particularly motivating, averaging
a 4.55 out of 5 in terms of encouraging learning through SQL.

7) Challenge Level: The difficulty level was moderately
rated, with an average score of 3.82 out of 5. This suggests
that while the game was not overly challenging, it was not
trivial either, balancing engagement with cognitive demand.
Improvement suggestions included increasing the difficulty
level of the game.

8) Strategic Thinking: The majority felt that the game ef-
fectively taught them to approach SQL problems strategically,
which is essential for learning any programming language. 10
out of 11 students selected “Yes”.

9) Future Enhancements: Students’ suggestions for future
topics include more advanced SQL operations like grouping
queries, creating and dropping tables, and joining operations,
as well as possibly integrating other programming skills such
as HTML or JavaScript.

B. Qualitative Insights

1) Engagement and Motivation: Key game elements that
maintained interest included the game’s plot, the urgency
created by a ticking clock, and incentives like extra credit.

2) Educational Value: The different scenarios presented
helped illuminate SQL concepts, although some students noted
a gap in understanding joins.



C. Interface and Accessibility

While praised for its simplicity and reliability, some students
felt the game’s design could be more visually engaging and
suggested that hints could be provided after incorrect submis-

sions.
TABLE I
SURVEY QUANTITATIVE QUESTIONS
Category Question Type Avg. | Std.
Score| Dev.
Engagement How engaging did you find the Likert | 4.64 | 0.64
and Ex- SQL Mystery game? 1 being not | Scale
perience engaging at all, 5 being very lto5
engaging
Learning How helpful was the game in Likert | 4.27 | 0.75
and providing an opportunity to Scale
Effective- reinforce the SQL concepts 1to5
ness learned in class? 1 being not
well at all, 5 being very well
Learning How likely are you to Likert | 4.36 | 0.64
and recommend the SQL Mysteries Scale
Effective- game to a friend or classmate? 1to5
ness (1 to 5) 1 being unlikely, 5
being very likely
Learning How do you see the game’s Likert | 4.27 | 0.96
and effectiveness in helping you Scale
Effective- practice SQL compared to 1to5
ness traditional assignments or
exercises? 1 being traditional
methods are much more
effective, 5 being the SQL
mystery game or similar games
are much more effective
Usability How would you rate the overall Likert | 4.36 | 0.64
and Ease user interface and design of the Scale
of Use SQL Mysteries game? 1 being 1to5
very difficult to use, 5 being
very easy to use
Yes: 1
Usability Did you encounter any technical | Multiplg No: 9
and Ease issues while using the platform? | Choices| Somewhat: 1
of Use
Yes: 11
Motivation | Did the game’s activity increase | Multiplg No: 0
your interest in learning more Choices| Somewhat: 0
about SQL and database
management?
Motivation How motivating was the Likert | 4.55 | 0.66
mystery-solving aspect of the Scale
game for learning SQL? 1 being | 1to 5
not motivating at all, 5 being
very motivating
Problem- How challenging were the Likert | 3.82 | 0.83
Solving problems presented in the SQL Scale
Skills Mysteries game? 1 being very 1to5
difficult to solve, 5 being very
easy to solve
Yes: 10
Problem- Do you think the games were Multiplg No: 0
Solving effective in teaching you to Choices| Somewhat: 1
Skills approach SQL problems

strategically?

VII. CONCLUSIONS AND FUTURE WORK

This study validates the efficacy of enhancing SQL learn-
ing through the Mystery game, which significantly improved
students’ engagement and understanding of SQL concepts.

Planned upgrades include advanced SQL features, better visu-
als, and automated hints. Future research will involve larger,
more diverse student groups and encourage other teachers
to adopt the game across more courses, guiding its ongoing
development and aiding similar game designs.
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