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Abstract

Combinatorial reasoning is an essential mathematical competency used in the study of probability and in a wide
range of applications, including calculating sequence variants in bioinformatics and computing for genetic
algorithms, which search through a space of possible combinatorial solutions through selection, crossover, and
mutation. This study sought to examine the use of "Gamification" as an educational tool to enhance students'
learning of "Combinatorial Analysis" at the Eugenio Espejo Pre University Institute. A pre-experimental
quantitative design was used, with 18 students as the empirical subjects who participated in the pedagogical
intervention using gamified learning activities on permutations, variations, and combinations. Pretests and posttests
were used to evaluate academic performance before and after the intervention and to assess students' perceptions of
the gamification elements, along with a survey designed to measure students' motivation. The evaluation of the
results indicated positive feedback on points, badges, and challenges, as well as instant feedback, and a clear
increase in academic achievement. The Wilcoxon signed-rank test showed a statistically significant difference
between the pre- and post-scores (p < .001), with an increase of +3.05 points. The effect size obtained using
Rosenthal's r was .91, indicating a large-magnitude impact of the intervention. It concludes that the gamified
teaching method, developed based on the course Genially, is a good alternative for reinforcing combinatorial
thinking and students' motivation, a competency needed in the downward application of computational courses,
which rely on students' imaginative power and systematic and enumerative counting abilities.
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Introduction

Counting, ordering, and selecting items systematically is one of the more challenging skills within the mathematics
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learning outcomes for secondary and pre-university years of education, known as combinatorial reasoning. It is not
only a subject that can be learned in class with probabilities, but also appears in many real-life situations! Computer
science also uses genetic algorithms, which employ combinatorial thinking to encode candidate solutions as
chromosomes and search over large numbers of permutations or subsets of these using selection, crossover, and
mutation operators. The efficiency of this process requires knowing how many combinations or permutations of
these chromosomes exist under these constraints. Similarly, problems in bioinformatics, such as counting nucleotide
or amino acid sequences, enumerating k-mers, or evaluating candidate sequence alignments, are essentially
combinatorial enumeration problems. Enhancing combinatorial reasoning at the pre-university level can thus be
seen as developing a transferable competence applicable to higher-level applications in computation and biology,
not only in mathematical classrooms but also beyond.

The present study was motivated by this premise and was developed within the framework of the prospective
mathematical competencies that high school students acquire, with a particular focus on mathematical competencies
linked to the concept of combinatorial analysis, one of the branches of mathematics that has as its object the methods
for counting, ordering, and selecting elements. The notions of this branch are essential for the study of probability,
and for this purpose it is called mathematical knowledge. The study began with a reflection on academic problems
encountered when students tackle combinatorics problems in university admission tests. The academic difficulties
students experienced when solving combinatorics problems were explained mainly by the academic preparation
they developed during secondary education. Students' difficulties with combinatorics problems encountered during
secondary education persist until they take the university admission test. The situation directly affects the transition
to higher education for students who do not meet the same level expected in college and university entrance
selections. Given the low quality and depth of preparation of young people at high school, a great portion of high
school graduates end up at private pre-university centers to augment their previous education.

This competitive and academic pressure has led to a steady increase in demand for preparatory schools for university
entrance in this country over the past few years. Eugenio Espejo Pre-University Institute, located in the city of Ibarra
in the province of Imbabura, is a private educational institution that offers academic support to students lacking
mathematical skills and preparatory courses for university entrance examinations. In these "leveling" courses, most
students have been identified as having conceptual misunderstandings in combinatorial analysis problems,
including issues with the order of elements and the misuse of formulas, both in problems involving order and in
those without order. These weaknesses have already been reflected in test scores and also curb the ability to think
logically, which is crucial for university-level studies. This is covered in the statistics and probability strand of the
Ministry of Education's mathematics curriculum.

Historical data from the National Institute for Educational Evaluation (INEVAL) for the statistics and probability
strand at the national level indicate the presence of this problem. In the Ser Bachiller examination, the percentage
of correct answers for this strand was 37% (INEVAL, 2017) and no more than 54% (INEVAL, 2019) in 2014 and
2019, respectively. This suggests some improvement, but the results remained negative with respect to the cognitive
skills developed in this area of mathematics. This period is chosen because, until these years, INEVAL published
only results by thematic block; the examination has also been replaced by another one, and in 2022 it was no longer
required as the only condition for admission to public universities. The only existing evaluation is the diagnostic
criteria called Ser Estudiante, which has been used since the year 2013 and provides diagnostic thresholds for
meeting or exceeding educational standards rather than percentages of correct responses by block. Although dated,
they constitute a historical and diagnostic precedent because they show difficulties that recur each year in
combinatorial analysis and persist in teaching practice to the present day, particularly in pre-university courses,
where each year a large number of students aim to reinforce their knowledge prior to admission exams.
Nevertheless, this topic is relevant at the national level, yet little research examines in depth the learning difficulties
arising from combinatorial analysis, leaving this an untouched aspect in the Ecuadorian educational research field.
Given the situation, it was essential to draw on the theoretical knowledge and empirical evidence from the literature
on the subject. In this context, several international studies were examined, in which researchers describe the same
patterns of issues that students generally encounter in combinatorial analysis. A study by Fuentes and Roa (2014)
was conducted with a first-year group of secondary students (54) from Granada, Spain. Likewise, Vazquez et al.
(2014) found that many first-year Applied Mathematics students at the Autonomous University of Puebla (AUPEB),
Mexico, had little understanding of the basic counting principle during the first semester of their probability course.
They said they were unable to imagine the examples associated with the problems in those classes, so they
considered the verbal problems as abstract mathematical statements.

In the context of first-year Computer Engineering students in Discrete Mathematics at the University of Informatics
Sciences in Havana, Cuba, Quintana et al. (2020) also found that students had difficulties mainly with applying the
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combinatorial principle, selecting formulas, verifying steps, and linking problems to the real world. The studies
collectively suggest that learning problems in combinatorial analysis are not uncommon across educational settings
and levels but are a recurring pattern. This recurrence prompts the researcher to analyze some of the reasons that
might be responsible for the issue. In the Ecuadorian context, one possible structural reason for the learning
difficulties with the concept of Combinatorial Analysis has been identified: the curricular structure adopted by the
Ministry of Education in Ecuador's mathematics curriculum. In particular, the content covering the statistics and
probability strand appears in the last chapters of textbooks, which, in many cases, is unlikely to be developed to the
proper level in time for the end of the school year (Alvarez et al., 2023). Then there is the fact that there is reduced
mathematics instructional time per week, which may make it difficult to cover more complex content that requires
more complicated reasoning and problem-solving steps.

One aspect of teaching combinatorics is that it tends to be presented as isolated examples and formulas to be plugged
into and churned through, which does not allow for appreciation of the concepts being taught; therefore, students
are not necessarily able to transfer and apply concepts to other situations. In such a context, it's necessary to rethink
the curriculum and teaching methods in relation to technology-supported didactic resources. Both the use of digital
tools and innovative pedagogical approaches have become fundamental to improving learning experiences, favoring
conceptual understanding and promoting student involvement. In this sense, the problem that needs the most
attention is the development of students' combinatorial thinking through activities derived from real problems and
deep reflection, so as to prevent students from simply learning based on algorithms, which restricts students' abilities
in mathematical competencies (Anzola, 2017; Lamanna et al., 2022).

Gamification is a new teaching technique that has been gaining traction in education to foster learning and active
student engagement (Corchuelo, 2018). According to Robson et al. (2015), gamification need not be reduced to the
superficial implementation of points or badges—rather, it concerns how game design mechanics, dynamics, and
elements influence behavior in non-gaming environments and, consequently, motivation. By adding gamification
elements, interest and engagement with class topics can be cultivated, as students' efforts can be acknowledged and
rewards can be given, creating a dynamic learning environment with constant feedback (Jama & Cornejo, 2023).
Gamifying learning, though, demands high-quality, engaging, and relevant teaching materials suited to the subject
matter that can capture students' interest and deliver a stimulating learning experience that facilitates meaningful
learning. Gamification approaches in the classroom have been embraced by the emergence of software and digital
tools that amplify their value; Kahoot, Educaplay, ClassDojo, Quizizz, and Genially are some of the better-known
tools used to enrich learning, adapt to different learning methods, provide immediate feedback, and personalize the
learning process (Lanuza & Lanuza, 2020; Sanchez, 2019). In a similar vein, Toda et al. (2019) state that it is
necessary to carefully classify and align the elements of a game with the learning targets, as these take on lower
motivational value if there is no coherent articulation of their use.

Along with the emergence of technological platforms in the learning field over the last few years, not all of them
fit the specific characteristics of certain subject areas (Aldalur, 2025). Thus, it is crucial to choose an appropriate
tool, depending on the content domain. In fact, a subject that involves concrete learning material activities, such as
activities in wider algebra, does not tend to create problems for young learners because there is more room for clear
learning materials in the form of explanatory text, while a subject involving abstract learning material activities,
such as combinatorial analysis, gives rise to conceptual difficulties if the presentation format used by teachers is
not properly developed. In this context, Genially's digital tool emerges as a versatile resource that makes designing
gamified experiences easier through interactive, visually captivating presentations. It is true that the number of
devices available for access makes it a technological resource, both in face-to-face classrooms and in virtual
environments (Ochoa & Moscoso, 2024). It is used as a learning tool for enjoyment and to develop a didactic
sequence in combinatorial analysis that integrates images, texts, and interactive content to convey the concepts of
combinatorial analysis clearly, combining academic rigor with play. It also enables the creation of templates with
immediate feedback, a typical element of gamification, to support student autonomy and facilitate their learning
through trial and error and repetition (Catalan & Pérez, 2020).

Against this backdrop, the principal aim of this research is to assess the effectiveness of gamification as an
educational tool for enhancing students' learning of combinatorial analysis at the Eugenio Espejo Pre-University
Institute (PEU), viewed as one of the first steps toward the ongoing improvement of a reasoning skill of greater
generality for computational areas such as genetic algorithms and bioinformatics sequence enumeration.

In this regard, three objectives were set: (1) Identify the key elements of gamification as a teaching strategy for
learning combinatorial analysis; (2) Design a teaching strategy based on activities that incorporate gamification in
Genially; and (3) Assess the impact of implementing gamification as a teaching strategy on the learning of
combinatorial analysis. The following working hypotheses are assumed: The null hypothesis (HO) is that using
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Genially for learning combinatorial analysis does not improve student learning at the Eugenio Espejo Pre-University
Institute; and the alternative hypothesis (Ha) is that using Genially for learning combinatorial analysis improves
student learning at the Eugenio Espejo Pre-University Institute.

Materials and Methods

In developing the learning measurement instruments and techniques, this study adopted a quantitative approach to
measure two variables: the independent variable, the game concept of gamification, and the dependent variable,
learning in combinatorial analysis. These two variables facilitate the use of the systematic measurement instruments
and techniques employed in the study, as shown in Table 1. This methodological approach has two features that set
it apart: it yields numerical responses and allows the results to be analyzed statistically to elucidate relationships
among the study variables, enabling precise and repeatable findings.

Table 1. Study Variables, Dimensions, Indicators, and Instruments

Variables Dimensions Indicators Instrument
Independe.nt: Cognitive Perception Questionnaire with Likert
Gamification scale
Affective Motivation
Behavioral Participation
Dependent: Learning of o Academic
Combinatorial Analysis Cognitive performance Knowledge test

Note. Author's own elaboration based on the study's methodological design.

The present study used a pre-experimental longitudinal design involving a one-group pretest/posttest. This design
is appropriate when participants cannot be randomly assigned and no comparison group is available, but changes
can be observed after the group is intervened with and an intervention is applied (Chavez et al., 2020). A total of
18 young school leavers aged 18-19 were included in the study. Because the population was small, all available
students were included without using a sampling technique; from a methodological perspective, however, this
sampling approach is equivalent to a census (Lopez & Fachelli, 2016). Information was gathered using two
instruments. The independent variable (gamification) was measured with a questionnaire using a 5-point Likert
scale (1 — strongly disagree; 5 — strongly agree). The instrument consists of 14 items distributed among the
dimensions of perception (4 items), motivation (6 items), and participation (4 items), as shown in Table 1. It was
applied before (pretest) and after (posttest) the pedagogical intervention. Both measurements were carried out to
collect data on students' perceptions of the game elements to be used in the gamified activities. The pedagogical
activities were designed on Genially, and the posttest was applied to assess whether attitudes changed after exposure
to the gamified experience.

A few validated instruments were reviewed during the development of the questionnaire, and the GAMERTYPE
questionnaire, developed by Prieto and Moreno (2024), which consists of 30 items, was used as a reference for the
development of its relevant items. Its original approach was preserved but adapted for combinatorial analysis and
Genially. Content validity was determined using expert judgment (judgments by 3 professors with research
methodology experience regarding the relevance, pertinence, and clarity of the items). Both the pretest and posttest
surveys demonstrated high internal consistency, with Cronbach's alpha values of .842 and .861, respectively, as
shown in Table 2.

Table 2. Cronbach's Alpha Reliability Coefficients
Cronbach's Alpha | N of items

Pretest 842 14

Posttest 861 14

Note. Author's own elaboration based on the results of the reliability analysis.
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A second instrument, a knowledge test consisting of 10 multiple-choice exercises on combinatorial analysis, was
administered before and after the intervention to assess the dependent variable (learning of combinatorial analysis)
and to compare scores. Content validity was also assessed using expert judgment, with three mathematics teachers
reading the items, completing the rubric, and rating them on a four-point scale (optimal [4], good [3], fair [2], and
deficient [1]). After validation, the instrument was used as a diagnostic pretest and posttest to evaluate its effects
on learning following the intervention. Inferential statistics were used to draw inferences from the pretest and
posttest, specifically to determine whether there were any significant differences between the scores recorded on
both tests. For this group of students assessed before and after the pedagogical intervention, the Wilcoxon signed-
rank test, suitable for related samples, was used. The pedagogical intervention focused on using digital gamification
via the Genially website to learn combinatorial analysis.

The theoretical content was explained using multimedia resources, complemented by gamified didactic sequences
for solving combinatorics exercises, covering the three major concepts: permutations, variations, and combinations.
The intervention comprised four 2-hour class sessions conducted in a collaborative work modality, with students
working in pairs, to facilitate discussion of the solution strategies used, the exchange of ideas, and the construction
of knowledge in the context of the gamified activities. Each session had a two-part design. In the first part, theory
was taught using multimedia materials created in Genially, complemented by examples to guide students and help
them better understand the concepts.

In the second session, students participated in a gamified didactic sequence consisting of successive challenges that
alternated among gamification components, such as stories, challenges, points, badges, and instant feedback. If a
student mistakenly picked an answer, the platform provided an explanation of the procedure or of a math concept
required to solve the problem, allowing the student to correct the mistake and try again until the correct answer was
found before proceeding to the next challenge. The first session used a Genially multimedia presentation to
familiarize students with the basics of Combinatorial Analysis and the fundamental counting principles, followed
by a didactic sequence in the form of an Escape Room set in a museum, which asked students to take part in a series
of challenges to proceed through each room.

The second session covered simple permutations and permutations with repetition, followed by a gamified set of
interactive exercises that provided immediate feedback. During the third session, simple variations and variations
with repetition were discussed and illustrated through an interactive presentation and guided examples, after which
a series of progressively more challenging variations was presented in context. The fourth session focused on
combinations, including a theoretical presentation, application exercises, and a second escape room set on a
spacecraft. All multimedia explanations and gamified sequences were hosted on the Genially platform. In the
development of this study, these humanistic ethical principles were followed for educational research with human
subjects.

Permission to use the data collection instruments and to implement the pedagogical intervention within the regular
activities of the leveling course was requested from the authorities of the Eugenio Espejo Pre-University Institute.
Before the questionnaire and knowledge test were administered, participants were briefed on the study's aim, the
voluntary nature of their participation, and assurances that their responses would remain confidential. This
procedure is based on the World Medical Association's Declaration of Helsinki. Although originally designed for
biomedical research, its principles have extended to other areas involving human subjects, placing the welfare of
the subject at the forefront rather than restricting consideration to the interests of science, and making informed
consent an essential component of working with humans (Britez Silvero, 2016). Likewise, Castro-Molina (2020)
states that documents such as the Declaration of Helsinki, the Belmont Report, and the Oviedo Convention have
consolidated common ethical principles, such as autonomy, beneficence, and justice, which are also relevant when
research is conducted in educational environments involving populations being educated.

Participants' anonymity was ensured by coding the various parts of the questionnaire and the knowledge test, so
that individual student data could not be traced back to the individuals during processing and analysis. Students
were not evaluated for their participation, and withdrawal carried no repercussions. Lastly, scientific integrity was
not violated in any way during data handling, neither during the pre-test nor during the post-test; and no conflicts
of interest were mentioned by the researchers regarding the use of the website used for the intervention (Genially).
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Table 3. Results of the Normality Test
Statistic df Sig.

Difference (Pretest—Posttest) 0.816 18 .003

Note. Shapiro-Wilk test applied to the pretest—posttest score difference (df = degrees of freedom; Sig. =
significance).

Results from the Wilcoxon test indicated statistically significant differences between pre- and post-test scores (Z =
-3.852; p < 0.001), as shown in Table 4. Furthermore, the effect size, determined using Rosenthal's r coefficient,
was .91, which represents a large effect and indicates that the students' academic performance improved
significantly after the intervention.

Table 4. Comparison of Pretest and Posttest Scores Using the Wilcoxon Test
Variable N M Pretest | M Posttest | Z p r Magnitude

Learning of combinatorial

. 18 4.06 7.11 -3.852 | <.001 91 Large
analysis

Note. N = number of participants. M = mean. Z = Wilcoxon test statistic for related samples. p = asymptotic
significance (two-tailed). r = Rosenthal effect-size coefficient (r = Z/NN). Formula and interpretation criteria follow
Rosenthal and Rubin (2003): r = .10, small effect; r = .30, medium effect; r = .50, large effect.

The results here coincide with those of Jiménez et al. (2020), who developed an Escape Room in Genially and
obtained an improvement of almost 2 points on the post-test, a difference that, in educational terms, is quite
meaningful, corresponding to a 3.05-point increase. The gain may be linked to the characteristics of the Escape
Room itself: the storyline and the high levels of adventure at every stage help keep individuals engaged by
stimulating participation and motivating them. This blend of components in an Escape Room can significantly
impact student motivation, according to Mosquera et al. (2024). The results from the pre-test and post-test survey
indicated that most of the students accepted the gamification elements, which was evident from the post-test survey,
supporting their results as shown in Figure 2, where 86.10% of the students responded that they accepted the element
of gamification in high consumption, corresponding to the positive effect on motivation.

Academic motivation, as described by Picoita et al. (2025), is a combination of internal and external factors that
affect students' motivation to study and, in turn, positively impact their academic success. Thus, it is not surprising
that the improvement in the motivation indicator was likely one of the features associated with the design of the
intervention that led to improved science performance at the posttest. The feedback provided at the end of every
exercise in the Genially sequences could also have contributed to the improvement observed: immediate feedback
after each answer provided information to students at the moment they made a mistake, allowing them to quickly
recognize it and rework it with the help of the informational clues provided by the platform, rather than considering
it later. This is consistent with the findings of Hadijah et al. (2022), who state that providing immediate feedback
enables students to reduce errors by receiving feedback and guidance at the same time they make an error, helping
them reprocess their thinking and adjust their strategy to grasp mathematical concepts; and Attali and Van Der Kleij
(2017), who advise that immediate feedback is a learning aid because it allows students to see feedback, guidance,
or improvement at the exact moment it is needed, before incorrect procedures are repeated.

This immediacy could have helped correct errors quickly, which may explain the better posttest results. Yet Almeida
et al. (2022) indicate that the impact of digital gamification approaches (e.g., presenting points or badges in an
escape room) on learners' engagement and subsequent examination outcomes remains unclear, as positive results
may vary by age, educational level, and the context in which these approaches are applied. Other authors make the
same point that digital gamification can be distracting for some learners, as missions and story settings may create
distraction rather than engagement (Dichev & Dicheva, 2017). Differences between previous research and the
current study may stem from the didactic approach used and the way gamification elements were applied in the
learning process.

However, game elements, such as points, badges, challenges, and narratives, are not equally effective across all
learning environments, as they depend on students' characteristics and implementation (as highlighted by Toda et
al., 2019), meaning they alone do not yield equal positive effects. Much the same with the excessive and improper
use of game, it can overwhelm and create monotony for students, and a well-designed implementation can easily
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encourage students to participate and engage in the learning process.

Excessive and ill-designed use of game elements can also cause boredom among students (Bai et al., 2020), whereas
well-planned implementation can increase students' participation and engagement in learning. For this study,
personal elements of gamification were incorporated through didactic sequences, with each challenge being a
combinatorial-analysis problem and followed by instant feedback. The positive findings on academic improvement
can thus be construed as merely the presence of game elements rather than as an extension of how these elements
were embedded to support a teaching modality that aligned with the learning goals, in keeping with the model
suggested by Robson et al. (2015) on the deliberate use of game mechanics and dynamics.

Results and Discussion

This section reports the findings from the pre- and post-questionnaires administered to students and their
interpretation in light of the current literature. The independent variable, gamification, was evaluated using
indicators of student motivation, perception, and collaborative participation, followed by results on academic
performance. To assess the extent of motivation that gamification elements created in students, answers provided
in the document, both before and after the pedagogical intervention, were analyzed, allowing detection of the level
of interest in the various gamification elements that were inserted into the combinatorial-analysis learning activities.
The findings from the baseline survey, conducted before the intervention, revealed that 52.78% of the students
agreed to use the gamification components of points, missions, badges, and immediate feedback, while 30.57%
disagreed and 16.65% were neutral (See Figure 1).

Figure 1. Pretest Results for the Motivation Indicator

- Agree
Disagreo
Neutral

Note. Author's own elaboration based on questionnaire data from the pretest (n = 18).
Figure 2 clearly shows that, after the pedagogical intervention, the majority of students (86.10%) agreed that game
elements can be used in learning activities for combinatorial analysis, which is considered positive. 7.42% of

students disagreed (negative), and 6.50% were neutral.

Figure 2. Posttest Results for the Motivation Indicator

Agree 86.10%

Disagree 7.42%

Neutral

0 20 40 o0 80 100
Percentage of respondents (%)

Note. Author's own elaboration based on questionnaire data from the posttest (n = 18).
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This rise in acceptance demonstrates how effective gamification is at enhancing student engagement and motivation.
The results align with findings by Portier and Sanchiz (2024), which show that using gamification in the classroom
leads to higher intrinsic and extrinsic motivation. Likewise, Alarcon et al. (2020) and Hakulinen and Auvinen (2014)
found that points, badges, challenges, and immediate feedback in ICT-mediated gamified activities have positive
effects on motivation and engagement. Correctly solved exercises with points, virtual badges, and feedback could
therefore have served as positive reinforcement, prompting persistence and effort. However, a smaller number of
students (7.42%) did not agree with this, which aligns with other research warning that gamification does not have
an equal impact on students (Uz Bilgin & Gul, 2020). Pre- and post-student responses regarding perceptions of
Genially as a support tool for learning combinatorial analysis were analyzed. The pre-test showed that 55.58% of
students received positive scores on the Genially use dimension, 33.35% received negative scores, and 11.13%
obtained a score of 0 (indifference), as shown in Figure 3.

Figure 3. Pretest Results for the Perception Indicator

70 4

60O

55.58%

50
40 4
33.35%

30

20

Percentage of respondents (%)

11.13%
10 4

o -

Agree Dlsa'gree Indiferrent

Note. Author's own elaboration based on questionnaire data from the pretest (n = 18).

However, 36.09% and 52.78% of the students stated that they agree and strongly agree, respectively, that Genially
is a technological resource for learning about combinatorics, as shown in Figure 4. Only 6.95% disagreed, and

4.18% were undecided. The results indicate a positive assessment of the use of this technology platform in the
learning process.

Figure 4. Posttest Results for the Perception Indicator

wm Strongly agree

m—— Agree

m== Disagree
Indifferent

Note. Author's own elaboration based on questionnaire data from the posttest (n = 18).
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The results obtained are similar to those reported by Pastas et al. (2024), who found that in subjects such as
mathematics, activities can be diversified using Genially, as it allows the incorporation of multimedia resources,
interactive buttons, and links, providing a visually engaging and dynamic experience. Within the intervention,
Genially enabled the incorporation of images in the formulation of problems and in conceptual explanations,
favoring comprehension, whereas more traditional teaching offered fewer opportunities for the use of images,
sometimes imposing the task of imagining the situation on students' part.

The results support the recommendations of other researchers that conceptual understanding is more easily
reinforced through multimodal presentation (Aponte, 2021; Bermiidez & Pazmifio, 2022), but this depends on the
design of the presentation, consideration of the user, and the cultural context (Maguiia & Padilla, 2024). The results
were analyzed before and after the pedagogical intervention to assess students' collaboration during the gamification
activities. According to the preliminary survey results shown in Figure 5, 43.05% of the students were willing to
collaborate; 47.23% disagreed; and 9.73% were neutral (indicating slight opposition or indifference).

Figure 5. Pretest Results for the Participation Indicator

Disagree 47.23%
Agree 1 43.05%
Neutral - 9.73%
0 10 20 30 40 50 60
Percentage of respondents (%)

Note. Author's own elaboration based on questionnaire data from the pretest (n = 18).
However, following the intervention, 54.20% agreed and 9.73% strongly agreed to using group work; 31.93%
disagreed, and 4.14% gave neutral responses (Figure 6). Based on these results, there was a slight change in students'

desire to work collaboratively with peers in the game environment.

Figure 6. Posttest Results for the Participation Indicator

31.93%
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Note. Author's own elaboration based on questionnaire data from the posttest (n = 18).
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All these results align with those presented by Reyes (2021), who believes that rhetorical missions within a gamified
activity help foster teamwork. However, while the learning benefits are significant, one or more person- or culture-
level differences may persist and prevent collaborative work entirely. This aligns with the results of Araya et al.
(2019), which noted that not everyone responds positively to gamified dynamics due to personal factors that affect
their sense of involvement. Similarly, Serrano et al. (2018) observed that team collaboration issues may emerge
naturally within teams and that while gamification boosts motivation, it will not resolve them completely. Therefore,
it is important to keep an eye on how the team interacts.

Group-learning technologies that involve gamification can be challenging because personal attitudes may
undermine students' group mentality, especially when students prefer to work individually due to prior negative
experiences (Uz Bilgin & Gul, 2020). It's therefore best to identify observed social interaction behaviors before
designing these activities, as some students may exhibit negative ones. The academic gains of students after
applying the pedagogical intervention were evaluated by comparing the pretest and posttest quizzes for the
combinatorial-analysis knowledge test, each worth 10 points. The mean scores for both measurements are displayed
in Figure 7. A difference of 3.05 points between pre and post is observed, with a mean of 4.06 points on the pretest
and 7.11 points on the posttest for students' scores.

Figure 7. Mean Scores Obtained in the Pretest and Posttest
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Note. Author's own elaboration based on the results of the combinatorial-analysis knowledge test (n = 18).

It was assumed that this difference was statistically significant because the Shapiro-Wilk test, appropriate for
samples of fewer than 50 students, indicated so. The normality test results (Table 3) showed that the data were
significantly below the significance level of .05 (p = .003), indicating that the data did not follow a normal
distribution. However, a non-parametric Wilcoxon test for related samples was used.

Limitations and Scope for Future Research

The results should be considered within the methodological scope of this research. The pre-experimental design
offers evidence for the use of gamification in Gam2Liv within a particular educational context (a private pre-
university institute), and students in this setting may not be representative of other students or contexts. This
decision was made because of the nature of the setting, in which leveling-course enrollment fluctuates throughout
the year, limiting the design choices. Caution should be exercised when generalizing these findings due to the small
number of participants and the single-group design. Notably, significant differences were observed between pre-
and post-testing; however, because there was no comparison group, it was difficult to compare the impact of
gamification with other teaching methods.

The results, despite these limitations, do offer empirical evidence for the potential of gamification in Genially to
support learning in combinatorial analysis and should serve as a starting point for comparative studies across
different content areas of mathematics, using larger samples, comparison groups, and longer intervention periods.
Variations, permutations, and combinations could be analyzed individually to determine which are best suited for
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gamification with Genially. Future research would also consider the transfer of skills gained in the game to related
computational scenarios, such as those based on combinatorial encoding embedded in genetic algorithms and
sequence-enumeration methods widely used in bioinformatics (see the introduction for connections). Experimental
designs with a control group, along with extended follow-up of students into university STEM-related majors and
continued assessments of motivation and performance, would enable researchers to determine whether any benefits
in motivation or performance found in this study persist over time.

Conclusion

This research examined the effectiveness of incorporating gamification, particularly Genially, as a pedagogical
approach to enhance the learning of combinatorial analysis, using students from the Eugenio Espejo Pre-University
Institute as the sample. The main principles of gamification were first clarified in a survey administered to students
and then incorporated into the creation of didactic sequences on combinatorial analysis in Genially to increase
students' engagement with the material. The findings revealed that the gamification elements evaluated (points,
badges, challenges, difficulty level, stories, and immediate feedback) positively influenced students' motivational
mechanisms, as shown by the survey, which indicated that a high percentage of students accepted the gamification
elements used. Another gamified approach to teaching was also developed with the help of Genially and was well
received by students because of its ability to make learning the content of combinatorial analysis easier; this was
again confirmed by the post-intervention survey, in which students reported that the images and interactive aspects
suggested during the didactic sequences in Genially were satisfactory.

The gamified approach was perceived as a positive and acceptable way of working, although some students
exhibited minimal cooperation with group members during group activities. The results of this research confirmed
that game-based methods can encourage students' active involvement in the learning process, but not all students
responded positively to group dynamics. Therefore, it is expected that future empirical research will further confirm
the role of group dynamics in students' learning activities. Academic outcomes were evaluated to assess the learning
effects of gamification as a pedagogical intervention to enhance combinatorics learning through a pre-test/post-test
comparison. The nonparametric Wilcoxon test revealed statistically significant differences in the overall mean score
between the pretest and posttest after the gamified teaching strategy; the posttest score increased by 3.05 points.
These results, together, strongly advocate for gamification, using the tool Genially, not just as a method to provide
reinforcement for combinatorial analysis as a topic of mathematics, but as a way to help develop the associated
skills of combinatorial reasoning that have further uses in mathematical contexts like the design of genetic
algorithms and the enumeration of biological sequences, which support the broader educational value of investing
in this competency during the pre-university curriculum.
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