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Jaime Galan-Elvirat and Pablo Palau-Irisarri*t

Facultad de Veterinaria, Universidad Alfonso X el Sabio, Madrid, Spain

Introduction: In today’'s hyperstimulating digital environment, shaped by social media
and artificial intelligence, education struggles to retain students’ attention. Traditional
teaching models risk obsolescence if they fail to adapt to rapidly evolving societal
dynamics. However, this context offers an opportunity to innovate while maintaining
academic rigor.

Methods: To enhance student engagement and modernize the learning
experience, we implemented various gamification tools in the Biology course of
the Veterinary Medicine degree. Strategies included a zoology-themed version of
the classic game "Who's Who?”, the use of the Kahoot! platform to review practical
content, and interactive sessions designed to promote debate and teamwork in
solving complex problems. The impact of these methods was assessed through
academic performance data and student surveys focusing on engagement,
knowledge acquisition, subject interest, and perceptions of the teaching team.

Results: The introduction of gamified teaching strategies yielded highly positive
results. Students reported increased motivation, deeper interest in the subject
matter, and a more favorable perception of the teaching team. Moreover, a clear
improvement in academic performance was observed, with higher average
grades compared to previous years.

Discussion: Our findings support gamification as a valuable tool in higher education,
particularly in science-based courses. By aligning teaching methods with students’
expectations and cognitive habits, educators can improve both learning outcomes
and classroom dynamics. Gamification offers a means to deliver rigorous content
in an engaging format, helping bridge the gap between traditional education and
today’s fast-paced, digital society.

KEYWORDS

gamification, active learning, veterinary education, student engagement, education
innovation

1 Introduction

Gamification, defined as the use of game elements in non-game contexts (1), is an
increasingly valuable tool in higher education. This innovative teaching strategy has been
implemented across all educational levels (2) and has proven effective in fostering technical,
social, and emotional competencies (3). However, university education continues to face
challenges in adapting to a rapidly evolving society while sustaining student interest and
engagement (4). Moreover, digital overstimulation among young people has been shown to
negatively impact concentration and motivation in educational settings (5).

Gamification has emerged as a strategy not only to enhance motivation but also to improve
engagement and facilitate the knowledge acquisition process (6, 7). Notably, it provides
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accessibility to diverse social groups and promotes inclusivity by
fostering engagement and personalizing learning experiences (8). This
combination of inclusivity and ease of implementation highlights its
potential as a transformative educational approach (2). Despite these
benefits, further research is required to assess the long-term impacts
of gamification in higher education (9).

Gamification in higher education can be implemented through
various strategies to enhance student engagement and learning outcomes.
General gamification involves incorporating game-like elements, such as
points, badges, and leaderboards, into the course structure to foster
motivation and participation by leveraging the intrinsic appeal of games
(10). Alternatively, targeted gamification activities, such as interactive
storytelling, challenges, or problem-solving tasks, can be used to reinforce
specific topics or address learning objectives (10). Tools like Kahoot!
exemplify gamification platforms that create interactive and dynamic
learning environments, promoting active student participation and
engagement through quizzes and discussions (11).

It has been shown to improve comprehension, retention, and
motivation in both flipped classroom and traditional teaching models
(12). Additionally, Kahoot! supports the reinforcement of key concepts
and promotes peer interaction, contributing to a collaborative and
enjoyable learning experience (13). These features collectively enhance
educational outcomes through gamified strategies.

Generative Artificial Intelligence (GAI) is revolutionizing
university teaching by introducing advanced tools that enhance
learning environments through personalization, efficiency, and
innovation. These systems adapt educational content to individual
student needs, fostering engagement and improving performance
(14). Real-time feedback and tailored support enable students to learn
at their own pace, which is especially valuable in complex subjects (15).

For educators, GAI optimizes teaching efficiency by automating
repetitive tasks, allowing them to focus on more complex
instructional strategies (16). Additionally, various GAI tools can
create interactive and immersive experiences, enriching the quality
of instruction and promoting dynamic classroom interactions (15).
However, implementing GAI in higher education presents challenges,
including ethical concerns about data privacy, biases, and equitable
access to technology. Addressing these issues through clear
institutional policies is essential to harness the benefits of GAI while
minimizing risks (16, 17).

2 Materials and methods

The aim of this study was to implement and evaluate various
innovative strategies to enhance student motivation and engagement
while achieving the educational objectives of the first-year Biology
course in the Veterinary degree. To accomplish this, three distinct
approaches were employed:

1. The classic game “Who’s Who?” was adapted to the educational
content of the Zoology module, using gamified methodologies
to teach evolutionary and taxonomic concepts in a more
interactive and engaging manner.

. The widely recognized gamification tool Kahoot! was used as a
resource for reviewing practical sessions, offering students a
dynamic way to consolidate their learning.

. Based on student feedback, a dynamic, activity-focused class
format was developed and implemented, aiming to further
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align teaching methodologies with students’ learning
preferences and foster an engaging learning environment.

These strategies were designed not only to enhance motivation but
also to improve the overall learning experience, providing insights
into the effectiveness of gamification and innovative teaching methods
in higher education.

GAI tools have been utilized in various aspects of this work. First,
relevant bibliographic references were gathered using the online tool
SCISPACE. ChatGPT was employed as an assistant for writing and
translation tasks.

2.1 Who's Who? Zoology

The classic game Who's Who? involves guessing the opponent’s
secret character by asking yes-or-no questions, progressively
eliminating characters until the correct one is identified. In this
adaptation for the Zoology module, 16 evolutionary traits were selected
to classify 24 animals into 19 taxonomic groups, following the criteria
outlined by Hickman et al. (18). Structuring the inquiry process around
these evolutionary traits and the taxonomic hierarchy provides players
with a strategic advantage, which can be crucial for winning the game.

After selecting appropriate species, a comprehensive script was
developed, including concise game instructions and explanations of
the evolutionary features present in the game (Figure 1a). This was
accompanied by individual cards for each species, which included
illustrations, scientific and common names, conservation status,
distribution maps, taxonomic characteristics, and scientific fun facts
(Figure 1b). Additionally, a simplified phylogenetic tree of the animal
kingdom was created for students to use as a “map” of the taxa featured
in the game, highlighting the evolutionary traits that position them
within the animal kingdom (Figure 1c¢).

All the representative illustrations of each species and the
evolutionary features were created by the authors using Wacom Intuos
Comfort S® tablets and software such as Sketchbook Pro® and Adobe
Photoshop 2020°®.

To measure the impact of the game, online surveys were
distributed to students before and after the activity using Google
Forms. The surveys included various questions with five response
options based on the Likert scale, ranging from 1 (nothing/disagree)
to 5 (a lot/strongly agree). A QR code linked to the surveys was
provided to facilitate access via mobile devices.

All materials were printed on 300-gram paper, cut to fit the game
boards, and inserted into generic Who's Who? boards (Figure 1d). These
customized boards, along with the game manuals and the phylogenetic
scheme, were distributed among the students for gameplay.

To explore the potential of GAI, PromeAl, an online tool based on
GAL was utilized. By uploading the original drawings created by the
authors, the tool generated new illustrations inspired by the originals.
Using Adobe Photoshop 2020%, these Al-generated images were
further refined and blended with the original illustrations to produce
a hybrid image that was superior to the initial version.

2.2 Kahoot as a tool for reviewing content
in practical classes

The online platform Kahoot! was used to review key concepts
in biology practical sessions. Over the course of three laboratory
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a. Evolutionary features

b. Animal information card

Caracterifsticas evolutivas

Amniota
En la conquista del medio terrestre, un grupo de vertebrados tetrdpodos logra desarrollar sus embriones en el
interior de varias capas (amnios, corion y alantoides), lo que les permite crear un medio acuoso fuera del agua.

Presentan esta caracteristica: reptiles, aves y mamiferos, confiriéndoles una ventaja sobre los anfibios, que atin
deben poner sus huevos en el agua o en medios himedos.

Branquias
» Estructura respiratoria compuesta, por lo general, por varias capas de laminas y laminillas finas y muy irrigadas,
con alta permeabilidad, que permite la extraccion del oxigeno disuelto en el agua y, por ende, la respiracion en

este medio liquido. Presentan esta caracteristica la mayoria e los invertebrados acuéticos, la mayoria de los
peces y algunos anfibios.

Corazon tetracameral
Corazén con cuatro cémaras diferenciadas: dos auriculas y dos ventriculos, como maximo logro evolutivo

cardiaco para la vida terrestre. Permite diferenciar dos circuitos de sangre, el mayor o sistémico, que irriga el
cuerpo y el menor o pulmonar, que llega a los pulmones y obtiene el oxigeno que seré posteriormente distribuido
por el organismo. Presentan esta caracteristica las aves, los cocodrilos y los mamiferos.

|Eunecleemm‘nus | Anaconda verde

OOO®ODO®

o]

Curiosidad: Puede alcanzar los seis metros de longitud y cien
kilogramos de peso. A diferencia de otras serpientes, la anaconda
verde es siendo una Como no
puede sintetizar veneno, mata a sus presas mediante la constriccion,
envolviéndolas con su musculoso cuerpo hasta ahogarlas antes de
consumirlas. A menudo, las arrastra bajo el agua para facilitar la
asfixia (Thomas & Allain, 2021).

Estado de conservacién (IUCN, 2023).

Lagws

c. Animal kingdon phylogenetic tree

‘ :Quién es Quién? Version %ologfa ‘

=
==n
‘
=

* Cotogorias taxonémicas simplificadas

FIGURE 1

Final game board.

d. Final game board

Materials included in the Who's Who? Zoology! game. (a) Evolutionary features. (b) Animal information card. (c) Animal kingdom phylogenetic tree. (d)

days, six practical sessions were conducted, with a Kahoot created
for each session consisting of five questions, each offering four
possible answers.

To assess the effectiveness of this activity, the practical grades of
two different cohorts were compared. In the first cohort, Kahoot was
not used in any of the practical sessions, while in the second cohort,
it was incorporated into all sessions. As a control, the total course
grade was used. For data analysis and graphical representation,
GraphPad Prism 9 v.9.4.0 software was used, and Student’s t-test was
applied. Results were considered significant at p < 0.05, p < 0.01, and
¥ p < 0.001.

2.3 Dynamic class session

Based on data collected from surveys conducted with students
from different courses regarding their preferred types of sessions
(Figure 2a), a dynamic class session was designed. This session
aimed to combine theoretical content with soft skills such as
teamwork, problem-solving, and public communication in an
engaging way.

The class was structured around three problems related to the
topics within the biology curriculum: Ethology, Zoology, and
Molecular Biology. To solve each problem, students were required to
form groups, work collaboratively to develop solutions, and then share
their conclusions with the rest of the class through a spokesperson. At
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the end of each discussion, the teacher analyzed the strengths and
weaknesses of each proposal and provided a theoretical and scientific
potential solution to each problem.

To encourage participation, students were not allowed to actas a
spokesperson more than once. To foster inclusivity and prevent
students from staying within their existing friend groups, a token
system was implemented to ensure random group assignments
(Figure 2b). At the beginning of the session, each student received a
token, which determined their group for each problem: colors for the
first problem, symbols for the second, and numbers for the third and
final problem.

2.4 Students’ general perception of the
subject after gamification

At the end of the academic year, a survey was conducted to assess
students’ perceptions of the biology signature, following the
implementation of Kahoot in practical sessions, the gamification
activity “Who’s Who? Zoology!? and the dynamic classes.

To minimize subjectivity related to affinity toward instructors or
gamification activities, students were asked whether the course’s
teaching methods aligned with their learning styles. As a control, the
same question was posed regarding all university courses, not
just Biology.
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a) WHAT TYPE OF CLASSES DO YOU PREFER?

mDynamicclasses mStudentprojects mLecture-based classes

3%

8%

FIGURE 2

on color, number, or shape.

m Groupwork

(a) Survey results on students’ preferred class types (n = 155). (b) Tokens designed to create three rounds of randomly assigned student groups based

b)
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3 Results
3.1 Who's Who? Zoology

The results of the surveys conducted to assess the impact of the
activity are presented in Figure 3. Regarding motivation for the
academic course, students showed an almost 10% increase in the
responses “Quite a bit” and “A lot” (Figure 3b). The most notable
increase was observed in the perceived knowledge of zoology, with a
20% rise in positive responses (Figure 3b). Motivation toward zoology
also increased after the gamification activity, with a 5% rise in the “A
lot” response (Figure 3¢). Additionally, 92% of students reported a
positive impact on their zoology knowledge due to the game
(Figure 3d). Finally, 95% responded positively to the fact that the
game'’s illustrations were created by the instructors, with 89% selecting
the highest rating (Figure 3¢).

To assess whether these improvements were statistically
significant, a Fisher’s Exact Test was performed. The results indicated
a statistically significant association between participation in the game
and the improvement in students’ perceptions and motivation, with a
p-value of 0.006 (p < 0.05). This suggests that the gamification activity
had a measurable impact on students’ engagement and knowledge in
the subject.

Regarding the use of GAI, interestingly, the tool proved effective
only in enhancing illustrations that were initially less satisfactory
(Figure 4a). In contrast, when applied to higher-quality original
illustrations, the Al-generated results led to a decrease in overall
quality (Figure 4b).

3.2 Kahoot as a tool for reviewing content
in practical classes

The results of comparing practical exam scores between a
cohort that used Kahoot and one that did not, with overall course
grade as a control variable, indicate a significant increase when
Kahoot was implemented, rising from 7.43/10 to 8.21/10
(Figure 5). The control grade for the cohort that used Kahoot was
6.78/10, slightly lower than that of the cohort without Kahoot
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(6.91). This suggests that the improvement in practical exam
performance was not merely due to an overall increase in course
grades but was likely enhanced by the specific impact of Kahoot as
a learning tool.

3.3 Dynamic class session

The dynamic class sessions structured around three core biology
topics—Ethology, Zoology, and Molecular Biology—proved to
be highly engaging for students. During these sessions, students
collaborated in randomly assigned groups to address real-world
problems, encouraging active participation. The token system used to
assign groups ensured that students interacted with a diverse set
of peers.

Each problem-solving session culminated with students
presenting their solutions to the class. The instructor provided
feedback after each presentation, offering both a theoretical
perspective and potential scientific solutions to the problems.

Students reported a greater sense of involvement and
engagement, particularly those who typically struggle with
socialization, as they were paired with classmates outside of their
usual social circles.

3.4 Students’ general perception of the
subject after gamification

The results indicate a clear increase in positive responses. When
asked about all university courses, 34% of students responded
favorably (Figure 6a), whereas this percentage rose to 94% when
referring specifically to the biology subject (Figure 6b).

4 Discussion
The results of this study highlight the effectiveness of

implementing diverse gamification strategies to enhance student
motivation, engagement, and learning outcomes in the first-year
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a. How motivated are you about the course? 4

b. How do you assess your knowledge of
zoology?

c. How do you assess your motivation for _J
zoology?
d. How much has this game contributed to
your zoology learning?

were self-made?

Bl Strongly disagree / Notatall mm Disagree / Alittle

FIGURE 3

[ PRE
L POST

~ PRE
L POST

[ PRE
- POST
POST

e. How valuable is it to you that the illustrations pPQOST

Neutral / Somewhat

Results of the "Who is Who? Zoology!” surveys. PRE, survey pre-game (n = 112). POST, survey post-game (n = 109).

T T T 1T 1T 1T 17711
0 10 20 30 40 50 60 70 80 90100

% students

Agree / Quite a bit ~ EE Strongly agree / Alot

Original drawing  +

a)

GAl image =

Hybrid illustration

FIGURE 4

illustrations used for the game).

Methodology for using the PromeAl tool to modify the original drawings. (a) Original illustration with less time investment and worse results (the
asterisk marks the illustrations used for the game). (b) Original illustration with greater time investment and better results (the asterisk marks the

Biology course of the Veterinary degree. Each activity uniquely
contributed to reinforcing knowledge, fostering interaction, and
promoting a more dynamic learning environment. However, while the
findings are promising, several factors must be considered when
interpreting the results.

One of the most successful strategies was the integration of
Kahoot! as a gamified tool for reviewing key concepts in practical
sessions. This approach significantly improved students’ performance
in practical exams, demonstrating its effectiveness as a reinforcement
tool. Its ease of implementation, minimal time investment
(approximately 10 min per quiz), and low cost make Kahoot! a highly
accessible strategy for reinforcing key concepts in an interactive
manner. However, one limitation of this study is the potential influence
of instructor changes during the first year of implementation. Although
the structure of practical sessions, presentations, and exams remained
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unchanged, newly appointed instructors may have also contributed to
the observed improvement in student performance. Future studies
should control this variable by assessing the long-term impact of
Kahoot! across multiple academic years and different instructors.
Another innovative approach involved the adaptation of the
classic Who's Who? game for the Zoology module. This tool proved
highly effective in reinforcing complex taxonomic and evolutionary
concepts through a strategic and engaging format. Notably, the
integration of generative artificial intelligence (GAI) in the
development of visual materials provided valuable insights into its
applicability in education. While GAI was particularly useful for
enhancing low-quality illustrations, its application to high-quality
images sometimes resulted in a decline in visual clarity and esthetic
appeal. Moreover, survey responses indicated that students highly
valued the fact that the game’s illustrations were created by their
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FIGURE 5

a b
) Course 2021/22 2022/23 )
Without With
Condition Kahoot Kahoot
=
Number of N _ g
students L =20 =
0
©
Practical marks 2
(mean) 7,43 8,21 &
Course marks
(mean) 6,91 6,78

Effectiveness of the Kahoot gamification activity in Biology practical sessions. (@) Comparison of practical scores between cohorts with and without
Kahoot; (b) Graphical representation of the data as mean + standard deviation. Statistical significance was assessed using Student's t-test (p < 0.001).
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FIGURE 6
Results of the students’ perception of the biology signature (n = 77).

a. Do you think university classes align with your learning style?

b. Do you think Biology classes align with your learning style? =

Neutral / Somewhat

T 1 1 11 11711
0 10 20 30 40 50 60 70 80 90100

% students

Agree / Quite a bit ~ EE Strongly agree / Alot

instructors, underscoring the importance of maintaining a human
touch in educational resources.

Beyond gamification, the implementation of dynamic class
sessions further contributed to fostering student interaction and
engagement. The randomized group formation system encouraged
students to collaborate with peers outside their usual social circles,
which was particularly beneficial for those who struggle with
socialization. This approach not only facilitated teamwork and
problem-solving but also contributed to the development of essential
soft skills, such as public speaking and critical thinking. These findings
align with existing literature suggesting that interactive, student-
centered learning environments enhance engagement and improve
knowledge retention.
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The combination of gamification activities and dynamic class
sessions led to a highly positive student perception of the Biology
subject. While these findings reinforce the effectiveness of innovative
teaching methodologies, it is important to acknowledge other
contributing factors, such as the course content, instructional
materials, and lecture quality. The Biology subject in this study
covers inherently engaging topics, and instructors invest effort into
designing visually appealing and scientifically rigorous
presentations. Nevertheless, these results support the broader
argument for transforming university education to align with
contemporary students’ needs. Modernizing teaching strategies by
making courses more interactive, engaging, and motivating does not

undermine the scientific rigor of higher education; in fact, it
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enhances knowledge acquisition and fosters a more meaningful
learning experience.
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