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Abstract In higher education, it is necessary to incorporate innovative teaching strategies that favor the
motivation, active participation and academic performance of students. In this sense, gamification has emerged as a
pedagogical alternative that integrates game elements in educational contexts with the purpose of strengthening
teaching-learning processes. The objective of this study was to analyze the effect of the implementation of a didactic
strategy based on gamification on the academic performance of first-semester students of the Experimental Sciences
Laboratory | course of the bachelor’s degree in Diagnostic Biochemistry at the Cuautitlan Faculty of Higher Studies
(FES Cuautitlan UNAM). The research was developed under a quantitative approach, with a quasi-experimental
design with a non-equivalent comparison group. The academic results of a group that took the subject using a
traditional methodology were compared with those of another group in which the gamification strategy was
implemented. Descriptive and inferential statistics were used for data analysis, including Student’s T-test for
independent samples, as well as the calculation of the effect size using the Cohen statistic and the percentage
learning gain. The results showed an improvement in the academic performance of the gamified group (M = 8.00)
compared to the traditional group (M = 6.87), with statistically significant differences in the unilateral test (p = 0.025)
and a moderate-high effect size (d = 0.77). Likewise, a percentage gain in learning of 16.5% was identified. The
results of the perception survey showed a positive assessment by the students of the implemented strategy,
highlighting the increase in motivation, interest in the contents and active participation in laboratory activities. The
findings suggest that gamification is an effective didactic strategy to improve academic performance and strengthen
learning processes in university experimental teaching contexts.
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1. Introduction

In the context of university education, the need to rethink
traditional teaching-learning approaches is increasingly
evident, with one of the central challenges being the
incorporation of innovative teaching strategies that promote
student motivation, commitment and participation.

Gamification —understood as the use of game elements
in non-playful contexts—has emerged as an effective
didactic strategy [1]. To increase student motivation,
engagement, and academic performance. According to [2],
gamification is understood as the deliberate application of
game design principles and mechanics in educational
activities to make them more attractive, dynamic, and
relevant to students. An example of the use of
gamification is Project "Zombiology" [3] that teaches
geology and biology through a zombie apocalypse game.

Various empirical evidence and recent theoretical
analyses have indicated that gamification goes beyond

simple “edutainment”, as it integrates elements that can
facilitate cognitive, emotional, and social processes that
are fundamental for meaningful learning [4,5,6]. A key
aspect of gamification is that it does not replace curricular
content or diminish academic rigor [7]; on the contrary, it
requires a pedagogical design that aligns the elements of
the game with the learning objectives and the needs of the
student group [8,9]. This intentional integration positions
gamification as a bridge between educational theory and
the motivational interests of students immersed in a digital
culture [10,11,12]. The implementation of game elements
in laboratory practices has been shown to improve the
academic performance of university students [13], in
addition to showing a favorable perception towards the
use of gamification as a learning strategy [14].

The elements of gamification can be organized into
three hierarchical categories (Figure 1): dynamics,
mechanics, and components [15]. This classification
allows us to understand how gamified experiences are
structured and how the different elements of the game are
articulated to generate processes of participation and
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commitment in users.

1. Dynamics: they represent the highest level of
abstraction and constitute the starting point for the
design of a gamified experience. At this level,
elements such as narrative, emotions and social
relationships that are sought to be promoted among
participants are integrated.

2. Mechanics: corresponds to the processes and rules
that structure the interaction and allow the
development of action within the system. At this
level, the way in which the participant gets involved
and advances in the activity is determined, favoring
their commitment and participation. Among the
most used mechanics are rewards, rules,
cooperation, competition, and challenges.

3. Components: they constitute the most concrete and
observable level, since they represent the tangible
elements that materialize dynamics and mechanics.
This category includes resources such as avatars,
missions or challenges, scoring systems, levels and
rewards, among others.

Examples: eenstraints, emations,
narrative, ete.

abstraction and the
starting point of
gamification.

Examples: challenges, competition,
cooperation, feedback, rewards, ete,

Examples: avatars, achievements,
quests, levels, gifts, score, ete.

Figure 1. Elements of gamification [6]. Own elaboration

Mechanics
They correspond to the processes
and rules that structure interaction
and development within the system.

Components
They represent the tangible elements that
materialize the dynamics and mechanics.

Based on this conceptual structure, gamification can be
applied in different contexts and highlights multiple
benefits associated with its implementation [7]. Among
them are the increase in the motivation and commitment
of the participants, the promotion of participation and
continuous feedback, as well as the possibility of
improving learning and the achievement of objectives
when the activities are designed appropriately [16].
However, inadequate implementation can generate
counterproductive effects, such as the development of a
superficial motivation based solely on external rewards. It
can also lead to unethical behaviors if clear criteria are not
established for its application, in addition to the risk of
focusing attention on playful elements and neglecting the
educational objectives that guide the teaching-learning
process [17].

In the case of experimental teaching, university
laboratories are fundamental spaces for the development
of scientific skills, since they allow theoretical knowledge
to be linked with observation, experimentation and
problem solving. In this context, the subject Experimental
Sciences Laboratory I, of the degree in Diagnostic
Biochemistry, taught at the Faculty of Higher Studies
Cuautitlan (FES Cuautitlan, UNAM), aims to solve
problems in the field of experimental sciences, using
experimental scientific methodology.

In this training space, it has been identified that students
frequently present low academic performance, low

motivation and limited clarity regarding the objectives of
the experimental projects they must develop.
Consequently, learning strategies based on memorization
tend to predominate, which are not very effective for the
deep understanding of scientific phenomena and for the
development of experimental thinking skills.

In view of this situation, it is pertinent to explore
didactic strategies that strengthen the teaching learning
processes in the university experimental environment. In
this sense, gamification represents a pedagogical
alternative that could contribute to improving the
motivation, participation and academic performance of
students in this type of subject.

The objective of this research work is to analyze the
effect of the implementation of the gamification didactic
strategy on the academic performance of first-semester
students of the Experimental Sciences Laboratory | course,
of the degree in Diagnostic Biochemistry, at the Faculty of
Higher Studies Cuautitlan (FES Cuautitlan, UNAM).

2. Methodology

The research had a quantitative approach and was
developed under an experimental design of the quasi-
experimental type with a non-equivalent comparison
group. To this end, the academic results of a group of
first-semester students who took the subject Experimental
Sciences Laboratory | during the 2025-11 semester were
compared using a traditional methodology, with the
results obtained by another group that took the same
subject in the 2026-1 semester, in which a didactic strategy
based on gamification was implemented.

The sample was non-probabilistic, including all the
students enrolled in both groups. In this study, the
implementation of a didactic strategy based on
gamification was considered as an independent variable,
while the dependent variable corresponded to the
academic performance of the students, measured from the
final grades obtained in the subject.

At the beginning of the course, students were informed
about the way of working, as well as the general
indications for the development of experimental activities.
Likewise, it was communicated that, at the end of each
experimental project contemplated in the program of the
subject, recreational activities would be carried out aimed
at reinforcing the contents addressed.

The control group, corresponding to the 2025-11
semester, made up of 15 students, 60% men and 40%
women % with an average age of 19 years, the contents
were developed using a traditional teaching methodology.
The experimental group, corresponding to the 2026-1
semester, with 19 students, 52.6% men and 47.4% women
with an average age of 18 years, implemented a didactic
strategy based on gamification using various digital
platforms, including Genially, Quizzes, Educa play and
Word wall. These platforms were selected because they
have free versions, have an intuitive user interface and are
available in Spanish.

The activities developed through Quizzes, Educa play,
and Word wall consisted of multiple-choice questionnaires
with a maximum of ten questions (Annex 1), while the
activity implemented in Genially corresponded to a
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"virtual Escape Room". This dynamic consisted of the
sequential resolution of different challenges that allowed
progress to be progressively advanced until they managed
to "escape" from the virtual environment (Annex 2). In all
cases, the activities included multiple-choice questions,
true or false exercises, and application problems related to
the academic content worked on during the experimental
projects (Annex 3 and 4). The objective of these dynamics
was for the students to correctly solve the activities in the
shortest possible time, thus promoting participation,
collaborative work, and conceptual reinforcement of the
topics addressed.

Descriptive and inferential statistics were used to
analyze the data obtained. First, basic descriptive means of
the final grades of both groups were calculated, such as
the arithmetic mean, standard deviation, variance and
range of values. Subsequently, to determine if there were
statistically significant differences between the academic
results of both groups, Student's t-test was applied for two
independent samples assuming unequal variances, a
recommended statistical procedure when comparing
means of independent groups with different sample sizes.

Likewise, to evaluate the magnitude of the effect of the
didactic intervention, the effect size was calculated using
Cohen’s d statistic [18], which allows estimating the
pedagogical relevance of the difference observed between
the groups. For this calculation, the combined standard
deviation of both samples was used.

3. Results and Discussion

Additionally, the percentage gain of learning was
estimated, to quantify the relative increase in academic
performance associated with the implementation of the
gamification strategy. Equation (1) was used for this purpose.
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Percentage gain

Media . . —Media, iti 1
_ gamificaction traditional X100 ( )

Mediatraditional

A perception survey consisting of Likert-type questions
(Table 1) was also applied to know the students' opinion
regarding the use of gamification as a learning strategy in
the laboratory.

Table 2 presents the results of the statistical analysis of
the final grades obtained by the students using the
student’s t-test for two independent samples, assuming
unequal variances.

The results show that the group in which the
gamification strategy was implemented obtained a higher
average grade (M = 8.00) compared to the group that took
the subject using a traditional teaching methodology (M =
6.87). Likewise, the variance observed in the gamified
group was lower, which suggests greater homogeneity in
the academic performance of the students.

The inferential analysis using Student's t-test (t = -2.07)
indicates the existence of statistically significant
differences between both groups in the unilateral test (p =
0.025). This result suggests that the implementation of the
gamification strategy had a positive effect on the students'
academic performance. On the other hand, in the bilateral
test (p = 0.051), the value obtained is very close to the
threshold of statistical significance (p < 0.05), which
indicates a trend towards statistical significance. This
behavior can be explained, in part, by the relatively small
sample size and by the fact that the groups analyzed
belong to different academic cohorts.

Additionally, the effect size was calculated using
Cohen’s d statistics, to estimate the magnitude of the
pedagogical impact associated with the implementation of
the gamification strategy (Table 3).

Table 1. Perception survey

Question

Strongly

Neutral i
isagree

Strongly agree Agree Disagree

The playful activities implemented during the laboratory were clear and easy to

understand.

The gamification strategy increased my interest in the experimental projects of the

subject.

The dynamics applied contributed to me feeling more motivated to participate

actively.

The use of playful activities allowed me to better understand and reinforce the

central theme of each experimental project carried out.

The integration of game elements (points, challenges, levels) made the
development of the laboratory's experimental projects more dynamic.

| consider that playful activities represent a useful tool to strengthen my learning.

1 would like this strategy to be implemented again in the Experimental Sciences
Laboratory 1.

Table 2. Statistical analysis of the final grades obtained by the students

Group n Range | Lower limit | Upper limit | Media

Standard deviationr

Variance

P
(A tail)

P
(two tails)

Semester 2025-11
(traditional 15 5 5 10
teaching)

6.87

1.9223

3.6952

Semester 2026-1

(applying 19 4 6 10

gamification
strategy)

8.00

1.0000

1.0000

-2.0727

0.02567

0.05134
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Table 3. Statistical analysis “Cohen’s d”

Group n Media Variance Standard deviation Coml?jlne'd s_:tandard Cohen's d
eviation
Semester 2025-11
(traditional teaching) 5 6.87 3.6952 1.922
Semester 2026-1 1.476 0.77
(applying gamification 19 8.00 1.0000 1.000
strategy)

According to the criteria for interpreting the effect size
proposed by [18], Cohen's d values close to 0.2 are
considered small effects, values around 0.5 correspond to
moderate effects, and values close to or greater than 0.8
represent large effects [18]. In the present study, a Cohen's
d value = 0.77 was obtained, which indicates a moderate-
high effect size. This result suggests that the
implementation of gamification had a pedagogically
relevant impact on students' academic performance.

The average academic performance between both
teaching methodologies was compared (Figure 2).

M Seriesl

jAverage ratinge

Traditional Methodology ~ Gamification

Figure 2. Academic performance between methodologies

The calculation of the percentage gain from learning
(Equation 1) showed an increase of 16.5% in the average
performance of the group that participated in the gamified
experience compared to the group that took the subject
using a traditional methodology.

Overall, these results suggest that the incorporation of
gamification as a didactic strategy can contribute
favorably to improving the academic performance of
students in the subject Experimental Sciences Laboratory I.
Table 4 presents the students' perception of the
implementation of the gamification didactic strategy.

Table 4. Students' perception of the implementation of the
gamification didactic strategy

Question Strongly Agree | Neutral | Disagree _Strongly
agree (%) (%) (%) (%) disagree (%)
1 64.7 35.3 0.0 0.0 0.0
2 76.5 17.6 5.9 0.0 0.0
3 64.7 235 11.8 0.0 0.0
4 70.6 29.4 0.0 0.0 0.0
5 824 11.8 5.9 0.0 0.0
6 70.6 235 5.9 0.0 0.0
7 94.1 0.0 5.9 0.0 0.0

According to the results shown in Table 4, it is
observed that 100% of the students consider that the
recreational activities implemented through the digital

platforms were clear and easy to understand. Likewise, the
students indicated that these activities allowed them to
better understand and reinforce the central theme of each
experimental project, which is reflected in the results
corresponding to questions 1 and 4.

94.1% of the students indicated that the gamification
strategy increased their interest in the experimental
projects developed in the subject. In addition, they
considered that the integration of game elements, such as
points, challenges and levels, contributed to making the
development of the experimental activities more dynamic.
Likewise, the students recognized that the playful activities
represent a useful tool to strengthen their learning and
expressed their interest in this strategy being implemented
again in the laboratory. These results are evidenced in the
answers obtained in questions 2, 5, 6 and 7.

Finally, in relation to the motivation towards
participation, 88.2% of the students indicated that the
dynamics applied contributed to them feeling more
motivated to get involved in the course activities, as
observed in question 3.

4. Conclusions

The results obtained in the present study allow us to
establish that the implementation of a didactic strategy
based on gamification contributes significantly to the
improvement of the academic performance of students in
the subject Laboratory of Experimental Sciences | of the
degree in Diagnostic Biochemistry. The difference
observed in the average grades between the experimental
group and the control group, as well as the size of the
moderate-high effect identified, show that the intervention
is not only statistically relevant, but also pedagogically
significant.

The decrease in the variance of the grades of the
gamified group suggests that the strategy favors greater
homogeneity in learning, which implies that a greater
number of students achieve similar levels of academic
performance. This finding is particularly relevant in
educational contexts where the aim is to reduce learning
gaps among students.

The percentage gain in learning reinforces the
effectiveness of the implemented strategy, as it shows a
substantial increase in academic performance compared to
the traditional methodology. This result, together with the
size of the calculated effect, allows us to affirm that
gamification generates a positive impact on learning
processes in the university experimental environment.

Regarding the perception of the students, the results
show a highly favorable assessment of the gamification
strategy, highlighting aspects such as the clarity of the
activities, the increase in motivation, the interest in the
content and the participation in the development of the
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experimental projects. These elements are essential to
promote significant learning and consolidate the
development of scientific skills.

However, it is important to consider some limitations of
the study, including the size of the sample and the use of
groups belonging to different academic periods, which
may influence the generalizability of the results. In this
sense, it is recommended that future research expand the
number of participants and consider experimental designs
with simultaneous groups to strengthen the validity of the
findings.

Finally, it is concluded that gamification represents a
relevant and viable didactic strategy for its implementation
in experimental subjects in higher education, since it allows
articulating cognitive, motivational and social aspects of
learning, contributing to the comprehensive training of
students.
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study.
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ANNEX 1. Example of application using Quizzes

LCL I-proyecto experimental plenbmetro_J026-110 + lerseis é‘:} # LCE I-proyecto experimental picnémetro_2026-1
k ] = ) vuonve Rodrigue , ades + M
----------- 18 & O [vvar taerre wiecirievns o bedes bes ooy 4 Cormmarti inburre .
@ Edter [ Guardar  SSTPMY YL gjade calouls ® Vista prev @ asig ® Empezar shora
engein
o
L Bl |
ik Marws C i et @ n 530
Salg s L o~ @ n £
.
Miiple Chooe
1341 g/ml 13376.g/mL
[u-:) B W
=
PR A L me— oy T o
Litiple Choics



American Journal of Educational Research

Una reaccién quimica es una
representacién simbélica de un
proceso en el que una © mas
sustanclas Kentificadas come
reactivos se fransforman en
etras llamadas preductes.

Verdadero

ANNEX 2. Activity implemented in Genially "*Virtual Escape Room™

Se miden S5 mlde acide
nirico y se aforan @ S00 mL
Si el reactive tiene una pureza
de bI% y una densidad de 142
¢/mL é0ué concentracién
molar tiene la disclucion?

0.0097M

347

0154 M
Falso

0.00054 M

Sistema en el cual una o mas sustancias estdn mezcladas o disueltas en forma
homogénea formando una sola fase.

mezcla , ' Practica lo aprendido
homogénea . ; "Proyecto experimental 1"_LCE
| - 2026-I
Froggy Jumps

@ Yvonne Rodriguez

Top 10 resultados

1 @ Juarez Martinez Alonso 01:04

2 g Acatitlan Sanjuan Rocio

3 @ Carolina Sanchez

4 @ Ordoiiez Vilchis Luis Samuel

5 @ Amaya Suylen Lopez Garcia

6 @ Normandy Bautista
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ANNEX 4. Example of activities implemented in Word wall

0:49 v 1 S
Cuestionario
Se tiene un trozo de metal que pdard saber Practica lo aprendido "Problemas matematicos de
si es oro puro primero se pesa obteniéndose los proyectos experimentales 2 y 3"_ LCE | - 2024-|

una masa de 360 g, después se sumerge en una
probeta que tiene agua. Al sumergir el trozo de

metal en la probeta, el nivel del agua cambia de
100 mL a 125 mL. ;Cudl es la densidad del metal?

14.4 g/mLv

Mis resultados  »

Resultado 1 para "Practica lo aprendido "Problemas matemdaticos de los proyectos
experimentales 2 y 3"_ LCE | - 2026-1"

Alumno Enviado Correcto Incorrecto Hora
» Rodriguez Gonzdlez Hilda Abril 1701 - 25 nov, 2025 4 ] 439
» Dela Cruz Perdn Fernanda 17:01 - 25 now. 2025 4 0 4:03
» Salgado Sanchez josé Emmanuel 17:02 - 25 nov. 2025 4 a 5:02
» Ordofez Vilchis Luis Samuel 17:02 - 25 nov. 2025 4 Q 4:20
» Rivera Ldpez Roberto Yael 17:02 - 25 nov. 2025 3 1 302
’ Acalitlan Sanjuan Rocio 17:03 - 25 now. 2025 4 Q 6:35
» Sancher Valencia Carolina 17:03 - 25 now. 2025 3 1 707
’ Amaya Suylén Lépez Gardla 17:03 - 25 now. 2025 3 1 649
. Brenda Diaz Valdéz 17:04 - 25 nov. 2025 3 1 TN

1:09 v2

Considerando la densidad obtenida en
el problema anterior, contesta: ;El metal
que se midié para este experimento fue oro?
Considera que la densidad del oro es 19.3 g/mL.




