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Introduction

Technological and social transformations over recent

ABSTRACT

This study analyzes the methodological approaches used in the implementation of gamified activities
in chemistry teaching. A systematic literature review was conducted following the PRISMA 2020
protocol, examining research published in Scopus between 2015 and 2025. A total of 43 studies were
selected that describe methodological designs, instruments, and procedures in chemistry education
contexts. The data were organized using an analytical matrix focused on the type of approach
(quantitative, qualitative, or mixed), study design, data collection instruments, and analyzed
variables. The results show a predominance of quasi-experimental and mixed-method studies that
integrate quantitative and qualitative procedures to assess academic performance, motivation,
attitudes, and digital competencies. Gamification significantly enhances students’ motivation,
engagement, understanding of chemical concepts, and development of STEM-related skills. The
review also identifies limitations such as the need for teacher training, technological resources, and
structured planning. These findings contribute to guiding future research and pedagogical practices
in chemistry education, reinforcing the use of evidence-based gamified strategies.

RESUMEN

Este estudio analiza los enfoques metodolégicos utilizados en la implementacién de estrategias de
gamificacion en la ensefianza de la quimica. Se llevé a cabo una revision sistematica de la literatura
siguiendo el protocolo PRISMA 2020, examinando investigaciones publicadas en la base de datos
Scopus entre los afios 2015 y 2025. Se seleccionaron un total de 43 estudios empiricos que describen
disefios metodologicos, instrumentos de recoleccién de datos y procedimientos aplicados en contextos
de educacién quimica. La informacién se organizé mediante una matriz analitica centrada en el tipo de
enfoque (cuantitativo, cualitativo o mixto), el disefio del estudio, los instrumentos de evaluacion y las
variables analizadas. Los resultados evidencian una predominancia de estudios cuasi-experimentales
y de enfoque mixto, los cuales integran procedimientos cuantitativos y cualitativos para evaluar
el rendimiento académico, la motivacion, las actitudes y el desarrollo de competencias digitales y
STEM. Asimismo, la gamificaciéon demuestra efectos positivos en la motivacion, el compromiso, la
comprension de conceptos quimicos y la participacién estudiantil. No obstante, también se identifican
limitaciones relacionadas con la formacién docente, la disponibilidad de recursos tecnolégicos y
la necesidad de una planificacion pedagégica estructurada. Estos hallazgos aportan orientaciones
relevantes para futuras investigaciones y para la implementacion de practicas pedagégicas basadas
en evidencia en la ensefianza de la quimica.
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that foster autonomy, engagement, and conceptual un-
derstanding. Among the pedagogical strategies that have
gained prominence is gamification, understood as the in-

decades have profoundly reshaped educational systems,
promoting more flexible, participatory, and digitally medi-
ated learning environments. Within this evolving context,
the teacher’s role has expanded beyond knowledge trans-
mission to the design of meaningful learning experiences

corporation of game elements into non-game educational
contexts to enhance motivation and learning outcomes.

In chemistry education, gamification has been increas-
ingly adopted as a response to persistent challenges
associated with conceptual abstraction, symbolic repre-
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sentation, and students’ low motivation toward the dis-
cipline. The literature reports positive effects on engage-
ment, academic performance, and the development of
STEM-related competencies. These findings are ground-
ed in established theoretical frameworks such as Self-
Determination Theory, Flow Theory, and constructivist
perspectives on learning, which explain how interactive
and challenge-based environments promote deeper cog-
nitive processing and sustained motivation.

Despite the growing body of empirical studies on gam-
ification in chemistry teaching, the field reveals consid-
erable heterogeneity in methodological approaches. Re-
search varies in design type, instruments used, variables
analyzed, and implementation procedures. While many
studies report positive outcomes, fewer investigations
critically examine how these results are methodologically
constructed, validated, and interpreted. Consequently,
there is a need for a systematic analysis focused spe-
cifically on the methodological foundations that support
gamified interventions in chemistry education.

It is important to clarify that the design of research
does not determine the pedagogical structure of gamified
experiences; rather, it provides the analytical framework
through which these experiences are evaluated and vali-
dated. Decisions regarding experimental, quasi-experi-
mental, qualitative, or mixed-method designs influence
how learning outcomes, motivation, and engagement are
measured, compared, and interpreted. Therefore, under-
standing the methodological choices underlying gami-
fied interventions is essential to assess the robustness,
transferability, and evidential value of reported findings.

From this perspective, the central problem guiding
this study can be formulated as follows: although gamifi-
cation has demonstrated promising educational effects in
chemistry teaching, there is limited synthesis regarding
the methodological approaches used to investigate these
interventions and the extent to which they ensure rigor-
ous and reliable evidence.

In response to this problem, the study addresses the
following research questions:

What methodological approaches (quantitative, qualita-
tive, or mixed) predominate in empirical studies on gamifi-
cation in chemistry education between 2015 and 2025?

What types of research designs and data collection
instruments are most frequently employed?

What variables are analyzed to assess the impact of
gamified interventions?

What main outcomes and methodological limitations
are reported in the literature?

To answer these questions, a systematic literature re-
view was conducted following the PRISMA 2020 protocol,
examining empirical studies indexed in Scopus during the
period 2015-2025. By explicitly focusing on methodologi-
cal dimensions, this review seeks to strengthen the epis-
temological and procedural foundations of gamification
research in chemistry education and to provide evidence-
based guidance for both researchers and practitioners.

Learning in Chemistry

Learning chemistry remains a persistent challenge due
to the complexity and abstraction of its concepts. The
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discipline combines theory, experimentation, and logical
reasoning, demanding the coordination of multiple cog-
nitive processes. A recurrent difficulty lies in the limited
connection between theoretical knowledge and real-life
applications, which restricts comprehension and knowl-
edge retention (Lopez Banet & Martinez, 2021).

Traditional teaching often emphasizes rote memoriza-
tion of formulas and procedures rather than conceptual
understanding, leading students to perceive chemistry
as fragmented and disconnected from their experiences
(Galarza & Batista, 2024). This problem is partly explained
by Johnstone’s (1991) representational model, which dis-
tinguishes between macroscopic, submicroscopic, and
symbolic levels of chemical understanding. Many mis-
conceptions arise from students’ inability to integrate
these dimensions, resulting in superficial learning.

From a cognitive perspective, chemistry imposes a high
intrinsic load because of its abstract and symbolic nature.
Cognitive Load Theory (Sweller et al., 2019) emphasizes
the importance of reducing extraneous load through
scaffolding, visualization, and interactive representa-
tions. Digital tools and gamified simulations can balance
cognitive demands by providing visual and experiential
pathways that enhance conceptual understanding (Chiu,
2021; Diab et al., 2024).

Teacher preparation is another decisive factor. Many
pre-service and in-service teachers continue to rely on
transmissive pedagogies, with limited training in innova-
tive strategies such as game-based learning, inquiry, or
contextualized problem-solving (Elias et al., 2022). This
gap restricts their capacity to foster curiosity, collabora-
tion, and higher-order reasoning among students (Alva-
rez & Echevarria, 2024). Moreover, limited laboratory ac-
cess in many schools hinders hands-on experimentation,
constraining students” ability to apply theoretical con-
cepts. Virtual and augmented laboratories such as PhET
Interactive Simulations offer feasible alternatives that
replicate experimentation in safe, accessible, and cost-
effective environments (Diab et al., 2024; Fuentes, 2024).

Recent literature highlights the effectiveness of active
methodologies particularly gamification, project-based
learning, and flipped models in addressing these chal-
lenges. Grounded in constructivist and situated learn-
ing perspectives (Vygotsky, 1978; Lave & Wenger, 1991),
these approaches position learners as active agents who
construct meaning through participation, reflection, and
collaboration. In chemistry education, such frameworks
promote autonomy, engagement, and sustained motiva-
tion while enhancing cognitive integration across repre-
sentational levels (Galarza & Batista, 2024).

Ultimately, learning chemistry entails developing sci-
entific reasoning, creativity, and critical thinking rather
than merely acquiring factual knowledge. Meaningful
improvement requires student-centered environments
that integrate conceptual understanding, experimentation,
and digital innovation. Within this context, gamification
emerges as a powerful pedagogical approach that connects
motivation with cognition, transforming chemistry into an
engaging and conceptually coherent learning experience.

Impact of Gamification

Gamification has proven to be an innovative strategy
in chemistry education, facilitating knowledge acquisi-
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tion and enhancing student motivation. Its implementa-
tion in the classroom has helped transform the percep-
tion of chemistry as a subject traditionally regarded as
difficult and abstract into a more dynamic and interactive
learning experience. One of the main impacts of gamifica-
tion is the notable increase in students” motivation and
engagement (Galarza & Batista, 2024).

Gamification is also effective in developing critical
thinking and problem-solving skills within chemistry
education contexts. By fostering the application of knowl-
edge in practical situations, it promotes a deeper under-
standing of chemical concepts and processes (Vargas
et al., 2023).

The integration of gamified elements in chemistry
teaching has also been instrumental in the development
of digital and STEM-related skills. In an ever-evolving
educational context, gamification not only enhances mo-
tivation and academic performance but also prepares stu-
dents to address real-world challenges through the use
of educational technology. In this sense, teacher training
in gamified methodologies is essential to ensure effective
instruction aligned with current educational needs (Elias
etal., 2022).

Despite its benefits, implementing gamification in
chemistry education presents several challenges. Factors
such as limited technological resources, teachers’ resis-
tance to change, and the need for structured planning
can influence its effectiveness. Nevertheless, the evidence
suggests that when properly designed and implemented,
gamification can transform chemistry education into a
more engaging, meaningful, and productive learning ex-
perience for students (L6pez Banet & Martinez, 2021).

Academic Outcomes

The impact of gamification on academic performance
has been extensively examined in recent educational
research, particularly within the domain of chemistry
teaching. Evidence consistently shows that playful and
interactive strategies enhance students’ motivation, per-
sistence, and conceptual retention, leading to measurable
improvements in academic achievement (Lopez Santia-
g0, 2024). Through the integration of challenges, rewards,
and narrative structures, gamification transforms the
learning process into an active and emotionally engag-
ing experience, resulting in higher levels of concentration
and task commitment (Hamari et al., 2016).

Gamified environments promote not only short-term
gains in performance but also the consolidation of knowl-
edge over time. Subhash and Cudney (2018) demonstrat-
ed that when learning tasks are embedded in interactive
game mechanics such as levels, progress bars, and feed-
back loops, students exhibit improved long-term reten-
tion, a crucial outcome for chemistry, where conceptual
understanding builds cumulatively. Moreover, gamifica-
tion helps reduce test anxiety and fosters positive affec-
tive responses toward assessment, enhancing students’
self-efficacy and readiness to tackle complex chemical
problems (Parra et al., 2020).

From a cognitive perspective, gamified systems en-
courage active processing, which strengthens connec-
tions between declarative and procedural knowledge.
Interactive challenges and adaptive feedback promote
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deeper learning by requiring students to apply chemical
principles in problem-solving contexts rather than rely-
ing solely on memorization (Galarza & Batista, 2024). In
turn, this cognitive activation facilitates conceptual trans-
fer across different chemistry topics, such as stoichiom-
etry, molecular bonding, and reaction kinetics.

The educational impact of gamification depends heav-
ily on its pedagogical design. Effective implementations
ensure alignment between game elements and learning
outcomes, fostering a balance between competition and
collaboration. When learners perceive gamified activities
as an integral component of instruction rather than as a pe-
ripheral entertainment resource, their engagement becomes
more sustained and intrinsically motivated (Subhash &
Cudney, 2018; Parra et al., 2020). Conversely, poorly struc-
tured gamification focused solely on extrinsic rewards can
undermine motivation and limit cognitive engagement.

In the context of chemistry education, well-designed
gamified interventions have been shown to improve not
only test scores and conceptual mastery but also scientific
reasoning, teamwork, and self-regulation (Fuentes, 2024).
By turning abstract scientific content into interactive and
meaningful experiences, gamification functions as a mul-
tidimensional pedagogical tool that strengthens learning
outcomes and supports the development of transferable
skills. Ultimately, its value lies in merging cognitive, mo-
tivational, and social dimensions of learning, enabling
more effective and enduring educational achievement in
the sciences.

Theoretical Foundations of Gamification in Education

Gamification’s educational effectiveness is grounded
in established motivational and learning theories that
explain how engagement and cognition interact within
learning environments (Coelho & Abreu, 2025). Among
these, Self-Determination Theory (SDT) (Deci & Ryan,
1985) provides the primary foundation, proposing that
motivation flourishes when three psychological needs
autonomy, competence, and relatedness are fulfilled.
Autonomy involves perceived control and choice, com-
petence reflects mastery of challenges, and relatedness
refers to connection with others.

In gamified educational contexts, these needs are ac-
tivated through design elements that promote agency,
adaptive difficulty, and collaboration. Features such as
choices, feedback, and goal progression align with au-
tonomy and competence, fostering intrinsic motivation
(Gao, 2024; Shen etal., 2024). When learners perceive
success as self-directed, motivation persists beyond ex-
ternal rewards (Zakaria et al., 2020; Sangroya & Kabra,
2023). Conversely, overreliance on extrinsic incentives
can reduce engagement once those stimuli are removed
(Li et al., 2024). Thus, effective gamification balances ex-
ternal reinforcers SUCH AS points, badges, leaderboards
with autonomy-supportive structures that sustain intrin-
sic drive (Wibisono et al., 2023).

Flow Theory (Csikszentmihalyi, 1990) complements
SDT by explaining the deep engagement observed in gam-
ified learning. Flow emerges when task difficulty matches
skill level, generating focused enjoyment and persistence.
Feedback, incremental progression, and clear goals main-
tain this balance, preventing both boredom and frustra-
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tion while enhancing perceived competence (Mekler et al.,
2015; David & Weinstein, 2023; Torresan & Hinterhuber,
2023). Keller's ARCS Model (2010) comprising Attention,
Relevance, Confidence, and Satisfaction adds an instruc-
tional design perspective. Gamification captures attention
through interactivity, builds relevance through contextu-
alization, fosters confidence via feedback, and delivers sat-
isfaction through visible achievement (Aubert et al., 2023).

From a pedagogical standpoint, gamification aligns with
constructivist and situated learning principles (Vygotsky,
1978; Lave & Wenger, 1991), which emphasize active par-
ticipation and collaboration. Gamified classrooms replicate
authentic contexts in which learners apply and negotiate
meaning — particularly valuable in chemistry, where ab-
stract phenomena become tangible through simulation and
visualization (Bang et al., 2016; Jiménez et al., 2024).

Empirical studies confirm that gamified elements en-
hance learners” autonomy, competence, and relatedness,
leading to greater engagement and performance (Coelho
& Abreu, 2025; Kramar & Knez, 2025). In sum, gamifi-
cation’s theoretical strength lies in its ability to translate
motivational and cognitive principles into interactive,
learner-centered experiences that promote autonomy,
mastery, and sustained engagement.

Gamification Tools and Digital Platforms in Chemistry Education

The integration of gamification tools and digital plat-
forms has significantly transformed chemistry education
by fostering immersive, interactive, and student-cen-
tered learning environments. Platforms such as Kahoot,
Genially, Quizizz, Educaplay, Classcraft, and various
Moodle plugins exemplify how game mechanics can in-
crease participation and engagement in both virtual and
physical classrooms. These platforms use elements such
as points, badges, and leaderboards to promote healthy
competition and active learning while simplifying com-
plex chemical concepts through immediate feedback and
visual reinforcement (Castillo et al., 2024; Fuentes, 2024).

Beyond traditional quiz-based platforms, digital gami-
fication extends to the simulation of laboratory experi-
ences. The PhET Interactive Simulations developed by
the University of Colorado Boulder represent a pioneer-
ing approach, allowing students to manipulate variables
and observe chemical phenomena in a risk-free virtual
setting (Diab etal., 2024). Such simulations encourage
conceptual understanding and experimental reasoning
while circumventing the material, safety, and logistical
constraints of physical laboratories (Jones, 2018).

Emerging technologies such as Virtual Reality (VR) and
Augmented Reality (AR) have further expanded the scope
of gamified chemistry education. These immersive tools en-
able students to visualize molecular structures in three di-
mensions, interact with atomic bonds, and observe dynam-
ic chemical reactions at the submicroscopic level. VR-based
environments, such as MedChemVR, have proven effective
in enhancing students” comprehension of structure-activ-
ity relationships and reaction mechanisms, particularly in
medicinal chemistry (Abuhammad et al., 2021). Likewise,
AR applications enrich conceptual visualization and spa-
tial reasoning by overlaying digital models onto real-world
laboratory contexts (Marrero & Hernandez, 2022).
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Gamified virtual laboratories also play a crucial role in
laboratory safety training, allowing students to practice
hazardous procedures in controlled digital spaces. Stud-
ies show that such environments enhance learners’ spatial
reasoning, conceptual understanding, and safety aware-
ness, leading to higher retention and improved perfor-
mance in experimental settings (Parong & Mayer, 2018).
Furthermore, the use of VR and AR technologies promotes
equitable access to laboratory experiences by reducing cost
barriers and enabling students from diverse educational
contexts to conduct complex experiments remotely.

In summary, digital gamification tools ranging from
interactive quiz platforms to immersive VR simulations
constitute a powerful ecosystem for chemistry education.
By combining engagement, visualization, and experien-
tial learning, these tools not only make abstract concepts
tangible but also cultivate critical thinking, autonomy,
and scientific curiosity.

Methodology

This study is grounded in a systematic literature re-
view (SLR) conducted in accordance with the PRISMA
2020 protocol (Page et al., 2021), which establishes rigor-
ous standards for transparency and reproducibility in
evidence-based research. The purpose of this review was
to identify and analyze the methodological approaches
employed in studies that implemented gamified strate-
gies in chemistry education, emphasizing how these ap-
proaches contribute to student motivation, engagement,
and academic performance.

Search Strategy

The search process was carried out in the Scopus data-
base, given its multidisciplinary scope and its indexing of
high-quality journals in the field of educational research.
The search strategy used Boolean combinations of key-
words such as “gamification”, “chemistry education”,
“learning outcomes”, and “active methodologies”. The
time frame considered included publications from 2015 to
2025, ensuring the inclusion of recent developments in ed-
ucational innovation and technology-enhanced learning.

The search was intentionally limited to the Scopus data-
base due to its multidisciplinary scope, extensive interna-
tional journal coverage, and rigorous indexing standards.
Scopus integrates high-impact journals in education,
science, and technology, providing a robust and homo-
geneous corpus for systematic analysis. While databases
such as Web of Science (WoS) also maintain high-quality
indexing criteria, focusing on a single comprehensive data-
base ensured consistency in search filters, comparability of
bibliometric indicators, and feasibility of replication. Nev-
ertheless, future reviews may benefit from incorporating
additional databases to broaden the scope of analysis.

Eligibility Criteria

To ensure transparency and replicability, explicit in-
clusion and exclusion criteria were established prior to
the screening process.

The inclusion criteria required that studies:
(a) be empirical research articles,
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(b) be peer-reviewed publications,

(c) be published between 2015 and 2025,

(d) be indexed in Scopus, and

(e) explicitly address the implementation of gamifica-
tion strategies in chemistry education contexts.

In addition, studies were excluded if they:

(a) were purely theoretical or conceptual papers with-
out empirical data,

(b) focused on gamification in disciplines other than
chemistry,

(c) addressed game-based learning without clearly in-
corporating structured gamification elements,

(d) were duplicates, or

(e) were not peer-reviewed academic publications.

Study Selection Process

The review followed a multi-stage selection process con-
sistent with PRISMA 2020 guidelines. In the identification
stage, a total of 123 records were retrieved. After the remov-
al of 37 duplicates, 86 studies proceeded to the screening
stage, where titles and abstracts were reviewed to verify
thematic relevance and methodological suitability.

In the eligibility stage, full-text analysis allowed for
the exclusion of studies that did not meet the predefined
inclusion criteria. As a result, 43 studies were retained for
final inclusion in this review. These studies met all meth-
odological and thematic requirements established for the
systematic analysis.

Figure 1 presents the PRISMA 2020 flow diagram sum-
marizing the study identification, screening, and inclu-
sion process.

Identification
Records identified through Scopus search (n=123)

y

Screening
Duplicates removed (n=37)
Records after removal (n=86)

Eligibility
Full-text articles assessed for eligibility (n=86)

4/\>

Excluded Included
Records excluded Studies included
after screening (n=43) in final synthesis (n=43)

Fig. 1. Prisma 2020 Flow Diagram for Study Selection
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Data Extraction and Analysis

Data extraction was carried out through the construc-
tion of an analytical matrix designed to ensure systematic
coding and comparability across studies. Each article was
examined in relation to its research approach (quantita-
tive, qualitative, or mixed), study design, data collection
instruments, and variables analyzed, such as motivation,
performance, or engagement.

To enhance the reliability of the analysis, the coding pro-
cess was reviewed by two independent researchers who
compared and consolidated their findings. The data were
subsequently systematized through a thematic coding pro-
cess, enabling the identification of common methodologi-
cal patterns, differences among research approaches, and
the main limitations reported by the authors.

The information obtained was synthesized to identify
recurrent methodological tendencies, innovative prac-
tices, and reported limitations regarding the applica-
tion of gamified activities in chemistry education. This
integrative approach allowed for the development of a
comprehensive understanding of how gamification has
been methodologically conceptualized and implemented
within educational contexts related to chemistry.

Results and Findings

Table 1 presents a synthesis of the methodological
approaches and main findings reported in the stud-
ies included in this systematic review. The table sum-
marizes key characteristics such as research approach,
study design, sample size and context, assessment
instruments, and principal outcomes related to the
implementation of gamified strategies in chemistry
education. This comparative overview allows for the
identification of predominant methodological trends,
commonly analyzed variables, and recurrent education-
al effects associated with gamification across different
educational levels and contexts. Overall, the evidence
highlights the frequent use of quasi-experimental and
mixed-method designs, as well as the consistent report-
ing of positive effects on academic performance, moti-
vation, engagement, and the development of digital and
STEM-related competencies.

Table 1. Methodological Approaches and Main Findings in Studies on Gamification in Chemistry Teaching

Type of Study
(Experimental /
Qualitative)

Methodological approach Sample

Assessment Instruments Main Findings

76 first-year high
school students
(Ecuador), divided
into control and
experimental groups

Action research with a mixed
approach and quasi-experi-
mental design.

(Galarza & Batista, 2024).

Quasi-experimental

The experimental group showed signifi-
cant improvement in academic perfor-
mance (posttest mean: 9.31), motivation,
and attitude. 97% perceived better unders-
tanding, participation, and retention. The
Educaplay platform was highly valued as a
teaching resource.

Pre-test and post-test (24
items), satisfaction survey
(Likert scale), performance
observation in gamified games

33 second-year
Primary Education
degree students
(Spain)

Quantitative-descriptive
research with didactic
application (Fuentes, 2024).

Case study

100% of participants evaluated the
methodology positively; 63.2% considered
it very useful as a review tool. Collabora-
tive work, logical reasoning, meaningful
learning, and interest in chemistry

were strengthened.

Online questionnaire
(Google Forms) with Likert
items, open and multi-
ple-choice questions
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Mixed-method study
(document analysis, CDAES
questionnaire, and descrip-
tive statistics) (Elias et al.,
2022)

Quasi-experimental +

Case study tion students (Chile)

49 Chemistry Educa-

Progressive improvement observed in di-
gital and STEM competencies from Ist to
5th year. 95.4% showed positive attitudes
toward ICT, especially in problem-solving,
critical thinking, creativity, and digital
tool use.

CDAES questionnaire

(43 items, 6 dimensions),
curricular document analysis,
statistical analysis

Quantitative research with a
descriptive design (Jiménez
etal., 2022).

78 secondary school
Quasi-experimental
try teachers (Spain)

Physics and Chemis-

During confinement, the use of flipped
classrooms and mobile learning increased.
Virtual platforms and digital tools for as-
sessment, feedback, and follow-up became
consolidated. 89% of teachers reported
more frequent ICT use after

the pandemic.

Self-administered online
survey (closed and one
open question)

55 Chemistry students
(8th semester, Faculty

Systematic inquiry (Lopez

Santiago, 2024). Case study

of Chemistry -
UNAM, Mexico)

Metacognition was activated, promoting
meaningful learning and intrinsic moti-
vation. 100% completed the activity; high
scores in enjoyment (4.6), usefulness (4.7),
and activation of prior knowledge.

Google Forms survey with
Likert scale (1-5) and
open-ended items

Mixed-method research: tea-
cher training with activities
based on inquiry, mode-
ling, argumentation, and
game-based learning (Lopez
Banet & Martinez, 2021).

Qualitative with
analysis of beliefs and
teaching practices

19 pre-service
Chemistry teachers
(Spain)

Promoted a shift in epistemological beliefs
toward student-centered approaches.
Experiences with gamification, inquiry,
and modeling fostered more reflective,
contextualized, and scientifically groun-
ded practices.

Pre and post-interven-

tion questionnaires, peer
assessment of teaching units,
portfolio and class

design analysis

198 upper-secondary

students (Mexico),
divided into control

Quantitative research focu-
sed on game-based learning
(Vargas et al., 2023).

I

Quasi-experimental

tal groups

and three experimen-

The experimental group achieved a high
Hake gain index (0.92) compared to the
control group (0.59). Significant impro-
vement in understanding and applying
chemical nomenclature IUPAC, Stock,
and traditional systems), and increased
motivation through the RUBIQUIM cube.

Pre-test and post-test (26
items), cognitive level analy-
sis (N1-N3), Hake gain
index calculation

The table summarizes the methodological character-
istics of the reviewed studies, including the type of ap-
proach, research design, sample, assessment instruments,
and the main results related to the implementation of
gamified activities in chemistry teaching.

Discussion

One of the most significant contributions of this study
lies in the evidence supporting the need to move beyond
traditional teaching methodologies in chemistry educa-
tion, which have often been characterized by fragmented
content delivery and memorization-based instruction.
The findings consistently indicate that well-designed
gamified interventions promote greater conceptual in-
tegration, active participation, and meaningful engage-
ment with chemical knowledge.

These results have important implications for both pre-
service and in-service teacher education. The reviewed
studies suggest that structured gamification strategies,
particularly when supported by digital tools and interac-
tive environments, can transform students’ perceptions
of chemistry from an abstract and disconnected discipline
into a dynamic and contextually relevant field of study.

Another noteworthy contribution of this review is the
updated perspective on gamification, linking it not only
to competitive mechanics such as points or badges but
also to immersive and visualization-based technologies.
Digital platforms, simulations, virtual laboratories, and
immersive environments facilitate the concretization of
abstract chemical concepts —such as molecular structures
or submicroscopic processes—making them more tan-
gible and cognitively accessible to learners.

Overall, the results and discussion maintain coher-
ence with the study’s objective and demonstrate internal
consistency between the theoretical framework, method-
ological design, and synthesized findings. The analysis
not only highlights positive academic and motivational
outcomes but also acknowledges structural limitations
such as teacher training needs and technological access,
providing a balanced and critical interpretation of the
evidence.

Regarding methodological approaches, a predomi-
nance of mixed and quasi-experimental designs was ob-
served. These combine qualitative and quantitative tech-
niques to evaluate not only academic performance but
also students’ emotions, perceptions, and attitudes. This
methodological integration allows for a more faithful
capture of the educational complexity that emerges when
gamified strategies are implemented. Studies such as
that of Lopez Banet and Martinez (2021) advocate for the
integration of student-centered models, in which games
are not mere instructional tools but rather the structural
axis of teaching practice. This perspective aligns with the
principle of autonomy proposed by self-determination
theory, as discussed by Manzano et al. (2024), where the
student assumes an active role within meaningful learn-
ing experiences.

The most frequent study design was quasi-experimen-
tal, largely because many investigations were carried out
in real educational contexts with pre-existing student
groups, respecting natural classroom dynamics. This
does not undermine the validity of the findings, as the in-
struments employed pre- and post-tests, satisfaction sur-
veys, rubrics, and performance analyses demonstrated
good reliability and internal consistency.
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In terms of sampling, most studies were conducted
with secondary, high school, and higher education stu-
dents, primarily in STEM fields. This reflects a growing
concern for improving learning in complex subjects such
as chemistry and physics through playful and interactive
tools. Additionally, the studies showed a wide variation
in sample size, ranging from small groups of 19 students
(as in Lopez Banet & Martinez, 2021) to large samples of
over 190 participants (as in Vargas et al., 2023), allowing
for comparisons across different levels of applicability.
Such methodological adaptability is consistent with pro-
gressive-level design principles proposed by Gonzalez
etal. (2020), as it accommodates the pace and diversity
of learners.

The evaluation instruments used not only measured
academic performance but also explored emotional,
metacognitive, and motivational dimensions. Satisfaction
scales, Hake gain index analyses, and perception surveys
with open and closed questions provided a holistic view
of the impact of gamified strategies. In studies such as
that by Fuentes (2024), students positively valued the use
of games as facilitators of learning, emphasizing their ca-
pacity to reinforce content, foster participation, and con-
solidate meaningful learning. This reinforces the claims
made by Alvarez and Echevarria (2024), who highlight
that immediate feedback systems strengthen student mo-
tivation and engagement.

Martinez et al. (2023) emphasize that contextualizing
chemistry teaching through gamified dynamics supports
the development of critical thinking. The main findings of
this research indicate that in all cases, the implementation
of gamified activities improved academic performance
compared to control groups. For instance, in the study by
Vargas et al. (2023), students using the RUBIQUIM cube
achieved a Hake gain index of 0.92 (high gain), compared
to 0.59 in the control group. Moreover, improvements
were observed in knowledge retention and transfer, par-
ticularly in applying chemical nomenclature and solving
problems in real-world contexts.

Motivation was also highly enhanced. Strategies such
as digital games (Educaplay), collaborative challenges
(escape rooms), and manipulative resources (RUBIQUIM
cube) generated enthusiasm, active participation, and a
sense of belonging in the learning process. This affective-
emotional component is especially relevant, as it serves
as a catalyst for developing critical thinking, autonomy,
and self-confidence among students. These motivational
effects can be explained through the ARCS model (Man-
zano et al., 2024), which emphasizes the importance of
capturing learners’ attention and building confidence to
achieve satisfaction and improved performance.

However, not all findings were positive. Several stud-
ies reported common limitations, such as the need for
greater teacher training, resistance to methodological
change, connectivity problems, and unequal access to
technological devices. There is also the risk of over-rely-
ing on gamification as a single teaching strategy. None-
theless, these barriers do not diminish the validity of the
results; rather, they underscore the importance of strong
institutional support and educational policies that pro-
mote more flexible, inclusive, and dynamic teaching and
learning environments. These challenges had already
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been noted in the theoretical framework by Rodriguez
et al. (2023), who emphasized the need for sound peda-
gogical planning and institutional accompaniment to en-
sure equitable access to digital resources.

Conclusion

The results of this systematic review highlight that
gamification, when grounded in robust methodologi-
cal design, constitutes an effective pedagogical strategy
for improving motivation, conceptual understanding,
and academic performance in chemistry education. The
predominance of mixed and quasi-experimental studies
reflects a growing interest in capturing the multidimen-
sional nature of learning, addressing both cognitive and
affective domains. The inclusion of digital platforms,
manipulative tools, and interactive dynamics has trans-
formed traditional teaching practices into more participa-
tory and student-centered experiences.

The analyzed studies demonstrate that the diversity of
gamified resources such as digital platforms, role-playing
activities, and immersive environments fosters the devel-
opment of both cognitive and socioemotional competen-
cies. These approaches allow teaching to be adapted to
different learning styles, promoting educational equity
and supporting autonomous learning. Furthermore, gam-
ification is consolidated as an effective didactic resource
across multiple educational levels and modalities (face-
to-face, virtual, and hybrid), showing improvements in
knowledge retention, critical thinking, participation, and
students’” academic self-esteem.

Nevertheless, the success of gamification depends
largely on adequate teacher training, institutional sup-
port, and the strategic integration of technology within
structured pedagogical frameworks. Future research
should continue exploring longitudinal effects, diverse
educational contexts, and the development of assessment
instruments that measure not only performance but also
the sustainability of motivation and engagement over
time. Strengthening these areas will contribute to consoli-
dating gamification as a powerful, evidence-based meth-
odology for advancing meaningful learning in chemistry
and other STEM disciplines.
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